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Periodontal inflammatory burden correlates with C-reactive protein
serum level

EVA SKALERIC, MILAN PETELIN, BORIS GASPIRC & UROS SKALERIC

Department of Oral Medicine and Periodontology, Faculty of Medicine, University of Ljubljana, Slovenia

Abstract
Objective. The aim of study was to present a new method for evaluation of the periodontal inflammatory burden, to apply the
method to the adult population and to correlate it with serum levels of C-reactive protein (CRP). Materials and methods.
On 515 extracted teeth was measured the neck circumferences (NC). The average values of the NC were obtained for 16 male
and 16 female individual tooth types. In the clinical part of this study 238 dentate subjects were included. The subgingival area,
inflamed area and periodontal wound size were calculated from NC, probing depth and BOP. The sum of the inflamed and
ulcerated subgingival areas of all teeth represented the total periodontal inflammatory burden of an individual. Serum levels of
CRP were measured by immunochemical method. Results. The average subgingival area in 238 subjects was calculated to be
13.11 ± 6.35 cm2 and inflammatory burden area 9.25 ± 5.57 cm2. The periodontal bleeding wound (p < 0.05) was significantly
larger in men. The increased serum levels of CRP correlated with periodontal inflammatory burden (p < 0.05). Conclusions.
This new method quantifies the inflammatory burden caused by periodontal disease. The size of the inflammatory burden is
correlated with increased serum levels of CRP.
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Introduction

Periodontal diseases are infections which are charac-
terized by inflammation and destruction of supporting
tissues of the affected teeth. Although the data indi-
cate a possible trend of lower prevalence of periodon-
titis in recent years [1], periodontitis still affects
5–15% of any population and is a major cause of
tooth loss [2,3]. In addition, periodontitis may rep-
resent a potential risk factor for many systemic dis-
eases and conditions including cardiovascular disease
and stroke [4–6], diabetes [7,8], respiratory diseases
[9] and pre-term low birth weight [10–13]. The causal
association between periodontitis and cardiovascular
disease is still not completely identified. It is possible
that elevated levels of CRP in periodontitis are
partially responsible for the relationship between
periodontitis and cardiovascular disease [14].
C-reactive protein is an acute-phase reactant pro-

duced by hepatocytes. The concentration of CRP
increases 4–6 h after acute tissue injury or inflamma-
tion and declines rapidly with resolution of the

injurious process [15]. In healthy persons, normal
CRP levels are generally considered to be <3 mg/L.
Low-grade inflammation can produce minor eleva-
tions of CRP in the 3–10 mg/L range. C-reactive
protein levels >10 mg/L may suggest the presence
of an underlying inflammatory disease [16]. It
was demonstrated that C-reactive protein (CRP) is
one of the most predictive biomarkers of systemic
inflammation and it’s elevated levels represent a
risk predictor for cardiovascular diseases [17–19].
hs-CRP assay reports levels as low as 0.1 mg/L and
is thus used in CVD risk stratification. Patients with
hs-CRP levels <1 mg/L are categorized as having
lower relative risk for cardiovascular events. Those
with levels of 1–3 mg/L are at intermediate risk,
and those with levels >3 mg/L are at higher relative
risk [20].
Besides its importance as a biomarker, the signif-

icance of extra-hepatic CRP production by the endo-
thelium of atherosclerotic plaques, smooth muscle
cells and infiltrated macrophages [21] and its potent
biological activities to induce adhesion molecules and
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chemokines at local sites has been shown [22,23].
However, a major source of CRP remains hepato-
cytes, which have been shown to be induced by
stimulation of interleukin (IL)-1b and IL-6 [21].
The preliminary studies showed gene expression of

CRP in periodontitis tissues, indicating the existing
role of extra-hepatic CRP production in gingival
tissues in the pathogenesis of periodontitis [24]. It
was found that the expression of CRP mRNA was
higher in periodontitis tissues compared to those with
gingivitis. CRP exerts activation of a complementary
system [25] and induces adhesion molecules such as
intercellular adhesion molecule-1, vascular cell adhe-
sion molecule-1 and E-selectin in human endothelial
cells in vitro [26]. Once leukocytes adhere to the
endothelium, CRP promotes the release of monocyte
chemoattractant protein 1, a key chemoattractant
chemokine, which facilitates leukocyte transmigration
through the endothelium [27]. Besides those funda-
mental inflammatory responses, CRP induces matrix
metalloproteinase (MMP) 1 and MMP9 in human
endothelial cells [28], suggesting that CRPmight have
an important role in the destruction of connective
tissues in periodontal inflammation. Therefore, it is
assumed that the local expression of CRP in gingival
tissues may play important roles in the development
and progression of periodontitis.
Maekawa et al. [24] showed that human arterial

epithelial cells were also responsible for producing
CRP due to infection by oral pathogens. Period-
ontopathic bacteria which invade gingival tissues
may interact directly with arterial endothelial cells,
resulting in local production of CRP [29,30].
In spite of the substantial production of CRP by

endothelial cells, it is difficult to imagine that systemic
elevation of CRP in periodontitis patients is solely
attributable to the local production of CRP in peri-
odontitis lesions because the level produced by endo-
thelial cells in response to pro-inflammatory cytokines
is much lower compared with that seen in blood.
Therefore, it is speculated that the CRP produced
in the local periodontitis environment may modulate
the inflammatory response on-site.
Elevated CRP levels in serum have been reported in

periodontitis patients [14]; however, the mechanism
for the elevation of CRP in periodontitis patients has
not been clearly demonstrated. Several studies have
reported that severe periodontal infection results in
increased IL-6 synthesis in the liver, to produce CRP
[31–33]. Yamaguchi et al. [34] hypothesized that the
source of IL-6 in severe periodontitis patients might
be either Kupfer cells in the liver and/or adipocytes, in
the case of fatty liver.
The hypothesis is that periodontitis could represent

a source of bacteria and their components that can be
released into the bloodstream during tooth extraction
[35], endodontic treatment [36], scaling and root
planning [37,38], subgingival irrigation [39] and

even tooth brushing [40] and mastication [41]. The
risk of transient bacteriemia induced by these proce-
dures has been shown to correlate with the level of
gingival inflammation [40]. Secondly, cells within the
connective tissue underlying the periodontal pockets
may secrete inflammatory mediators such as CRP,
plasminogen activator 1 and fibrinogen [42], which in
turn may lead to systemic problems [43]. A biological
model was proposed [44] which suggests that peri-
odontitis as a risk factor for other diseases represents
an inflammatory burden by eliciting bacteriemia and
raised levels of inflammatory mediators, one of which
is CRP or cross-reactivity leading to autoimmune
reactions.
Thus, periodontal pockets represent a subgingival

inflamed or ulcerated area that is infected and is
almost permanently submitted to mechanical forces.
The total surface area of the periodontal niches in a
patient with severe periodontitis can amount to sev-
eral square centimeters, in certain studies the size was
estimated to be equivalent to that of the palm of the
hand or that of the ventral surface of the forearm
[45,46]. However, Hujoel et al. [47] reported that the
dentogingival epithelial surface area among indivi-
duals with periodontitis is considerably smaller and
ranges from 8–20 cm2. More recently, Nesse et al.
[44] quantified the periodontal inflamed surface area
and calculated it to range from 0.3 cm2 in healthy
individuals to 39 cm2 in patients with severe gener-
alized periodontitis. Several studies have examined
the association between periodontitis determined by
probing depth, attachment loss and bone loss and
CRP serum level [14]. A meta-analysis of studies
demonstrated that CRP level in patients with peri-
odontitis was 1.56 mg/l higher than in controls [14].
The aim of this study was to develop a new method

for measuring the size of the total subgingival area,
inflamed subgingival area and bleeding periodontal
wound, to apply this method to the adult population
and to correlate the periodontal inflammatory burden
size to the levels of serum CRP.

Materials and methods

Assessment of the average teeth neck circumferences

In the first in vitro part of the study we included
515 teeth extracted for various reasons at the Depart-
ment of Oral Surgery. Two hundred and forty-
four teeth obtained from men and 271 from women
were divided by tooth type, putting together the left
and right teeth of the same tooth type, into 16 groups
for men and 16 groups for women. Every tooth type
group contained at least 10 teeth. We cleaned
the extracted teeth with curettes in order to remove
the remaining attached soft tissues and calculus. For
measuring the circumferences of the teeth necks
we lined the dental floss on the cemento-enamel
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junction, cut the dental floss with scissors and taped
the piece of cut floss on a sheet of paper. We finally
had 16 sheets of paper with taped flosses for men and
16 sheets for women. The length of the flosses
was then measured by an optical scanner (ScanJet
6300C, Hewlett Packard, USA) with a resolution of
6000 pixels/inch and program for image analysis
(UTHSCSA Image Tool for Windows Version
2.00, University of Texas Health Science Center,
San Antonio, TX). After receiving the values for
each individual tooth we calculated the average cer-
vical circumference for each tooth type. Finally we
obtained 16 values for individual tooth type for men
and 16 values for individual tooth type for women.

Evaluation of the periodontal inflammatory burden

In the second clinical part of the study we included
238 dentate Ljubljana citizens who participated in our
two previous epidemiological surveys of periodontal
treatment needs 20 and 10 years ago [48,49]. The
results of the periodontal treatment needs of the third
survey are reported elsewhere [50]. Among 238 sub-
jects there were 100 men and 138 women. They were
divided according to their age into six groups: 35-,
45-, 55-, 65-, 75- and 85-year-old subjects. On all the
subjects we performed a clinical oral examination
including the measuring of probing depths and bleed-
ing on probing at six sites around each tooth.
To estimate the subgingival area, periodontal

wound size and inflammatory burden we utilized
measures of average teeth neck circumferences by
tooth type, probing depth (PD) and bleeding on
probing (BOP). The subgingival area for each tooth
was calculated by multiplying 1/6th of the average
cervical circumference of the tooth with each of the six
measurements of probing depth. The sum of subgin-
gival areas of all present teeth in a subject represented
the total subgingival area of an individual.
We further divided the subgingival area into four

categories: (a) healthy subgingival area (PD £ 2 mm,
BOP-), (b) shallow bleeding wound (PD £ 2 mm,
BOP+), (c) deep non-bleeding area (PD > 2 mm,
BOP-) and (d) deep bleeding wound (PD > 2 mm,
BOP+) (Table I). Categories (b), (c) and (d) together
(b + c + d) represented the inflammatory burden,
while categories (b) and (d) only (b + d) represented
the total bleeding periodontal wound of an individual.

Measurements of hsCRP serum level

From each of our subjects we collected blood samples
from their fingertips. Different studies have demon-
strated that CRP is increased in diabetic patients [51],
patients with hypertension [52], patients with rheu-
matoid arthritis [53] and obese subjects [54], while it

is decreased in smokers [55] and patients on statin
therapy [56]. As we found 102 patients with either
diabetes, hypertension, rheumatoid arthritis, patients
on statin therapy or a combination of any of the
mentioned diseases/therapies, 14 obese subjects
(BMI ‡ 30) and 29 smokers, all of these patients
were excluded from the study. Our test group finally
consisted of 92 subjects, 34 men and 58 women.
The serum level of CRP was measured in all

patients by immunochemical method with chemilu-
minescence detection on an IMMULITE analyzer
(Siemens Healthcare Diagnostics GmbH, Eschborn,
Germany), which enables measurements of very low
concentrations of CRP (high-sensitivity CRP). The
hs-CRP detection method on the IMMULITE auto-
mated analyzer is a two-site chemiluminescent
enzyme immunometric assay with a detection limit
of 0.10 mg/l and a measuring range of 0.10–500 mg/l.
The study protocol was reviewed and approved by

the National Medical Ethics Committee of the
Republic of Slovenia. The study was conducted in
accordance with the Helsinki Declaration of 1975, as
revised in 2000, and all participants signed informed
consent forms.

Statistical analysis

For purposes of statistical analysis, the clinical vari-
ables were tooth neck circumferences, healthy sub-
gingival area, shallow bleeding wound, deep bleeding
and deep non-bleeding wound as well as total sub-
gingival area, total inflammatory burden and total
bleeding wound. All statistical procedures were based
on a level of significance of 5% (p < 0.05) and a power
of 80%. Summary statistics were calculated for all
clinical variables. Statistical analysis was performed
using Student’s t-test for comparison of tooth neck
circumferences between men and women and by
analysis of variance followed by Tukey HSD test
for comparison of periodontal wound areas between
age and gender groups. Non-parametric linear regres-
sion analysis was used to evaluate the relationship
between periodontal inflammatory burden and

Table I. Graphic presentation of subgingival area.

Probing depth (PD)
in mm

£2 >2

Bleeding on
probing (BOP)

� a c

+ b d

a = healthy subgingival area; b = shallow bleeding wound; c = deep
non-bleeding area; d = deep bleeding wound; a + b + c + d = total
subgingival area; b + c + d = total inflammatory burden; b + d = total
bleeding peridontal wound.
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hsCRP using Spearman’s rank correlation and Fisher’s
r-to-z transformation method to compare Spearman
correlation coefficients for men and women.

Results

We found that in all tooth type groups average values
of circumferences of teeth necks were larger in men
than in women in the range of 0.18 mm for lower first
premolars to 2.47 mm for upper first molars. The
total length of all circumferences of all teeth was also
larger in men (808.72 ± 18.91 mm) than in women
(770.00 ± 18.61 mm) (p < 0.05). The greatest cir-
cumferences of teeth necks in men in the upper and
lower jaw belonged to the first molars, the smallest
circumferences in the upper jaw belonged to the
lateral incisors and in the lower jaw to the central
incisors. In women, the largest circumferences of
teeth necks were found in both jaws in second molars,
the smallest circumferences in the upper jaw belonged
to the lateral incisors and in the lower jaw to the
central incisors (Table II).
The results demonstrate that the size of average

total subgingival area (a + b + c + d) among Ljubl-
jana 35–85 year old citizens was 13.11 ± 6.35 cm2

(range: 0.30 – 29.82 cm2) (Table III). Calculating
the separate categories of the subgingival area in our

population we found that the healthy subgingival
area (a) represented 29.5% out of the total subgin-
gival area (average: 3.86 ± 2.86 cm2, range: 0.30–
12.07 cm2), while the other 70.5% (average: 9.25 ±
5.57 cm2, range: 0.30–28.71 cm2) was represented
by the total inflammatory burden (b + c + d). Out of
the total inflammatory burden, 21.6% (average:
2.84 ± 2.91 cm2, range: 0.30–17.42 cm2) was repre-
sented by total periodontal bleeding wound (b + d)
and 48.9% (average: 6.40 ± 4.31 cm2, range:
0.30–26.90 cm2) was represented by the deep
non-bleeding area (c) (Figure 1).
The average total subgingival area was the largest in

the 35-year-old population (19.53 cm2) and
decreased with age, dropping to 7.30 cm2 in the
85-year-old population. A similar trend was found
in average healthy subgingival area ranging from
6.10 cm2 in 35-year-olds to 2.20 cm2 in 85-year-
olds and in shallow bleeding wound ranging from
0.54 cm2 in the 35-year-old population to 0.10 cm2 in
the 85-year-old population. Deep non-bleeding sub-
gingival area ranged from 9.58 cm2 in 35-year-olds to
3.54 cm2 in 85-year-olds. Deep periodontal wound
size was the largest in 55-year-olds (3.73 cm2) and the
smallest in 75-year-olds (1.23 cm2) (Table III). The
total inflammatory burden was the largest in 35-year-
olds (13.51 cm2) and the smallest in 85-year-olds
(5.19 cm2).

Table II. Average values of circumferences of teeth necks for men and women.

Men Women

Circumference (mm) Circumference (mm)

Tooth n M SD n M SD

11, 21 15 22.94 0.88 23 22.56 1.26

12, 22 11 20.58 2.07 23 19.69 1.85

13, 23 20 23.91 1.38 12 23.14 1.47

14, 24 34 24.74 1.81 39 23.95 2.02

15, 25 15 23.98 1.59 10 22.44 1.65

16, 26 10 32.67 3.32 10 30.20 2.19

17, 27 15 31.86 2.36 18 30.95 2.71

18, 28 25 30.02 2.67 30 27.68 2.41

31, 41 10 17.53 1.10 18 16.07 1.30

32, 42 12 18.03 1.06 15 16.34 1.71

33, 43 10 21.12 1.62 10 20.30 1.17

34, 44 11 21.46 2.08 12 21.28 2.04

35, 45 17 21.85 1.35 19 21.15 2.16

36, 46 10 32.19 2.47 10 30.21 2.27

37, 47 19 31.80 2.33 10 30.48 2.31

38, 48 10 29.70 2.26 12 28.56 1.27

All 244 808.72* 18.91 271 770.00 18.61

*p < 0.05 men vs women.
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The total bleeding wound was the largest in 55-year-
olds (4.09 cm2) and the smallest in 75-year-olds
(1.45 cm2). Total inflammatory burden was the largest
in 35-year-olds (13.51 ± 5.69 cm2), dropped in
45-year-olds (10.06 ± 4.19 cm2) and achieved another
peak in 55-year olds (11.53 ± 4.93 cm2). Taken
together, the largest total bleeding and deep bleeding
wound size was found in 55-year-olds, while the largest
total inflammatory burden, the deep non-bleeding

area, shallow bleeding wound and healthy subgingival
area were found in 35-year-olds (Figure 2). The total
average subgingival area in men was found to be
slightly larger (13.34 ± 7.00 cm2) than in women
(12.95 ± 5.87 cm2). The comparison between men
and women demonstrated a slightly greater healthy
subgingival area and shallow bleeding wound in
women and the same average deep non-bleeding
area. However, men proved to have a significantly

Table III. The average values of subgingival area, inflammatory burden and periodontal wound size in Ljubljana citizens according to gender
and age (n = 238).

Age Gender N

No of
teeth 

Periodontal wound

Total

subgingival

area (a + b +

c + d)(cm2)   

Total

inflammatory

burden(b + c +

d)(cm2)  

Total

bleeding

wound (b + d)

(cm2)

Healthy

subgingival

area (a)(cm2)  

Shallow

bleeding

wound (b)

(cm2)  

Deepnon-

bleeding

area

(c)(cm2)  

Deep bleeding

wound (d)

(cm2) 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

35 Men 24 27 1 5.69 2.73 0.62 0.62 9.93 4.53 4.22 3.36 20.48 4.22 14.78 6.40 4.85 3.50

Women 26 27 1 6.30 2.17 0.47 0.26 9.27 3.57 2.63 3.31 18.69 3.21 12.39 4.83 3.11 3.41

All 50 27 1 6.10 2.44 0.54 0.47 9.58 4.02 3.38 3.40 19.53 3.78 13.51 5.69 3.93 3.53

45 Men 9 24 2 7.20* 2.42 0.66* 0.33 6.89 3.64 1.98 1.78 16.75 3.59 9.54 5.03 2.64 1.72

Women 12 23 6 4.77 2.70 0.34 0.32 7.31 4.02 2.79 3.17 15.23 3.71 10.45 3.62 3.14 3.19

All 21 24 5 5.81 2.81 0.48 0.35 7.13 3.77 2.44 2.64 15.88 3.65 10.06 4.19 2.92 2.62

55 Men 17 17 8 2.59 2.28 0.19* 0.17 6.31 3.89 4.07 3.40 13.17 5.30 10.57 4.40 4.26 3.37

Women 31 20 6 2.60 2.10 0.44 0.46 8.06 5.28 3.54 2.78 14.66 5.08 12.05 5.19 3.99 2.92

All 48 19 7 2.60 2.14 0.35 0.40 7.44 4.87 3.73 2.99 14.13 5.16 11.53 4.93 4.09 3.06

65 Men 22 15 8 2.53* 2.69 0.23 0.22 5.19 3.65 3.21* 4.21 11.17 6.47 8.64 5.76 3.45* 4.24

Women 34 18 8 4.21 2.94 0.26 0.33 5.01 2.80 1.23 1.23 10.72 4.84 6.51 3.23 1.49 1.35

All 56 17 8 3.53 2.94 0.25 0.29 5.08 3.14 2.02 2.96 10.90 5.49 7.36 4.49 2.27 3.00

75 Men 13 14 9 3.47 2.36 0.19 0.14 5.75 3.98 1.02 1.30 10.44 6.18 6.97 4.32 1.21 1.32

Women 29 13 8 2.88 2.39 0.22 0.31 3.64 3.25 1.32 1.45 8.08 5.21 5.19 3.99 1.55 1.60

All 42 14 8 3.05 2.37 0.21 0.27 4.26 3.56 1.23 1.39 8.77 5.54 5.71 4.11 1.45 1.52

85 Men 15 9 5 1.35* 1.29 0.06* 0.10 3.10 2.34 1.50 2.17 6.03* 4.03 4.67 3.47 1.57 2.19

Women 6 18 7 4.32 2.29 0.20 0.16 4.65 2.84 1.28 1.39 10.47 4.44 6.14 3.21 1.48 1.50

All 21 11 7 2.20 2.09 0.10 0.13 3.54 2.52 1.44 1.95 7.30 4.53 5.09 3.39 1.54 1.98

All Men 100 18 9 3.65 2.99 0.32 0.40 6.40 4.33 2.95* 3.31 13.34 7.00 9.69 6.08 3.28* 3.39

Women 138 20 8 4.01 2.76 0.34 0.35 6.40 4.31 2.18 2.51 12.95 5.87 8.93 5.18 2.52 2.64

All 238 19 8 3.86 2.86 0.33 0.37 6.40 4.31 2.50 2.89 13.11 6.35 9.25 5.57 2.84 2.99

*p < 0.05 vs. womens of the same age group.
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larger size of deep bleeding wound (2.95 ± 3.31 cm2 vs
2.18 ± 2.51 cm2) (p < 0.05), total bleeding wound
(3.28 ± 3.39 cm2 vs 2.52 ± 2.64 cm2) (p < 0.05) and
non-significantly larger total inflammatory burden
(9.69 ± 6.08 cm2 vs 8.93 ± 5.18 cm2).
Measurements of the total inflammatory burden

size for 92 subjects in the test group ranged from
1.25–19.23 cm2, on average 8.96 ± 4.10 cm2.
Men had on average a non-significantly larger
inflammatory burden (10.06 ± 4.23 cm2; range
1.29–19.23 cm2) than women (8.47 ± 3.84 cm2;
range 1.33–18.26 cm2).
The results of CRP serum levels demonstrated that

values among a total population of 238 subjects ran-
ged from 0.10–32.40 mg/l (average 2.84 ± 3.65 mg/l).
Women had non-significantly higher CRP serum
levels than men (women: range 0.10–20.05 mg/l,

average 2.93 ± 3.28 mg/l; men: range 0.14–32.40
mg/l, average 2.73 ± 4.12 mg/l).
Evaluation of the CRP serum level among 92 sub-

jects in the test group was found to be in the range
from 0.10–5.58 mg/l (average 1.40 ± 1.01 mg/l). Also
in this group women had non-significantly higher
CRP serum levels than men (women: range
0.10–3.57 mg/l, average 1.45 ± 0.97 mg/l; men:
range 0.14–5.58 mg/l, average 1.30 ± 1.09 mg/l).
When we correlated the size of the total inflamma-

tory burden and serum levels of CRP in 92 subjects
we found a statistically significant correlation for men
(r = 0.49, p < 0.05), women (r = 0.37, p < 0.05) and
total population (r = 0.37, p < 0.05). The difference
between correlation coefficients in men and women
was not statistically significant (Figure 3).

Discussion

In the present study we proposed a new method for
evaluating the size of the total subgingival area, peri-
odontal bleeding wound and total inflammatory bur-
den based on the measurements of average cervical
circumferences of teeth, probing depth and bleeding
on probing. We tested the method on a random
population of 238 Ljubljana citizens in the age range
of 35–85 years. We found that, on average, the sub-
gingival area was 13.11 ± 6.35 cm2 in size. Out of the
total subgingival area, 70.5% (9.25 ± 5.57 cm2) was
represented by the total inflamed and ulcerated sub-
gingival area, which could potentially represent the
inflammatory burden of periodontal disease toward
the systemic health.
The total inflammatory burden was found to be the

largest in the 35-year old population, which could be
in correlation with the greatest number of teeth pres-
ent compared to other age groups (Table III). The

19.1%
29.5%

2.5%

48.9%

d
a

a b c d

b

c

Figure 1. Percentage of healthy subgingival area (a); shallow bleed-
ing wound (b), deep non-bleeding area (c) and deep bleeding
wound (d) in 238 citizens of Ljubljana.
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Figure 2. The total subgingival area, total inflammatory burden and total bleeding periodontal wound in cm2 among 238 citizens of Ljubljana.
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larger inflamed subgingival area and periodontal
bleeding wound size in men than in women found
in our study is in correlation with multiple studies
[57–59] demonstrating that the men’s periodontal
health was worse than that of women. We can
assume that a larger inflamed subgingival area and
bleeding periodontal wound in men represents a
greater inflammatory burden of periodontitis for
systemic diseases and conditions. Indeed it was dem-
onstrated [60] that long-term periodontitis in men
but not in women is correlated with sub-clinical
atherosclerosis.
Our results do not support the results of some

studies reporting that the surface area of periodontal
pockets is equivalent to that of the palm of the hand
(50–75 cm2) or that of the ventral surface of the
forearm (ffi 200 cm2) [45,46]. These estimates appear
inflated since the root surface area of the typical
dentition (excluding third molars) is estimated to
be ~ 75 cm2 [61]. Our results are however in accor-
dance with the results of Hujoel et al. [47], who
calculated that the typical dentogingival epithelial
surface area among individuals with periodontitis
ranged from 8–20 cm2.
More recently, the inflammatory burden of peri-

odontitis was quantified by measuring the periodontal
inflamed area. Nesse et al. [44] found that the size of
periodontal inflamed surface area ranges from
0.3 cm2 in healthy individuals to 39 cm2 in patients
with severe generalized periodontitis. In our study we
found the total inflammatory burden area ranged
from 5.09 ± 3.39 cm2 in 85-year-old subjects to
13.51 ± 5.69 cm2 in 35-year-old subjects, on average
for all examined subjects 9.25 ± 5.57 cm2.

Our findings of the positive correlation between the
size of the periodontal inflammatory burden and
serum levels of hsCRP are in accordance with other
studies that found increased levels of hsCRP in
patients with localized and generalized aggressive
periodontitis [62] where clinical parameters of gingi-
val inflammation, pocket depth and attachment loss
were measured and in chronic periodontitis patients
[63] where the clinical parameter of radiographic
bone loss was used.
However, clinical periodontal disease measure-

ments that were used to quantify the level of peri-
odontal inflammation exposure in these studies
provide only a uni-dimensional estimate of the burden
of periodontal disease. Our method represents a more
quantified assessment of the total periodontal inflam-
matory burden and also a new two-dimensional
approach to study the influence of periodontal inflam-
matory burden on systemic biomarkers of inflamma-
tion such as CRP. According to Ridker [64] the serum
levels of CRP below 1 mg/l represent low risk, values
between 1–3 mg/l intermediate risk and levels above
3 mg/l a high risk for future cardiovascular events
including myocardial infarction and stroke. We can
observe in our study (Figure 3) that the inflammatory
burden size larger than 4.5 cm2 represents a moderate
risk for cardiovascular disease.
We are aware that our method to quantify the

inflammatory burden has limitations for using the
parameter of average length of the neck circumfer-
ences of the individual teeth in men and women. The
gingival margin can be below or above the cemento-
enamel junction and so the inclusion of the length of
the tooth neck circumference in the formula could be

All:
7

All: r2 = 0.1386; r = 0.3723; p = 0.0003; y = 0.5864 + 0.0915*x
Women: r2 = 0.1358; r = 0.3685; p = 0.0048; y = 0.6714 + 0.0928*x
Men: r2 = 0.2353; r = 0.4851; p = 0.0042; y = 0.044 + 0.125*x6
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Figure 3. Dose-response relationship between the total inflammatory burden and hsCRP.
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over-estimated in the case of gingival recession and
under-estimated in the case of pseudopockets or
gingival over-growth.
However, our improved two-dimensional method

for evaluation of inflammatory burden is new and
should be tested on patients with periodontal disease
and systemic diseases or conditions such as cardio-
vascular disease, diabetes and pregnancy.
Recently, the first study [65] was published dem-

onstrating a dose–response relationship between peri-
odontal inflamed surface area and HbA1c in
type 2 diabetes patients. Interventional periodontal
treatment studies are needed to demonstrate that
reduced size of inflammatory burden correlates with
lower levels of markers of systemic inflammation such
as CRP.
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