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Abstract: This study aimed to quantify serum C-reactive protein (CRP) values in periodontally
healthy people and explore the relationship between serum CRP levels and chronic periodontitis,
and the influence of scaling as well as root planing (SRP) on serum CRP levels. The study included
100 systemically healthy adults (n = 100; 50 males and 50 females) who were separated into two
groups: Group A (control) n = 50; periodontally healthy subjects and Group B (test) n = 50; subjects
with chronic periodontitis. The test group (group B) was further separated randomly into two groups:
B1 (n = 25) and B2 (n = 25). The clinical parameters and serum CRP levels were measured only once
in Group A and before SRP in Group B1 subjects. In Group B2 subjects the clinical parameters and
serum CRP levels were measured only after two months following SRP. For group A, Bl, and B2 (the
readings recorded after SRP) the mean gingival index scores were 0.146, 2.437, and 1.052, respectively,
while the plaque index was 0.414, 2.499, and 0.954, respectively. Probing pocket depth (PPD) and
clinical attachment loss (CAL) showed statistically significant differences between three groups,
with higher values in patients with periodontitis before intervention (2.196 + 0.49; 1.490 + 0.23),
respectively. Healthy controls (Group A) had a C-reactive protein level of 0.04820 mg/dL, while
group Bl (test) had 1.678 mg/dL and 0.8892 mg/dL (group B2). C-reactive protein levels were
observed to be greater in the test group (groups Bl and B2), and these differences were statistically
significant (p < 0.001). Chronic periodontitis enhances blood levels of systemic inflammatory markers
like CRP, which has been reduced by periodontal treatment with SRP.

Keywords: acute-phase proteins; C-reactive protein; periodontitis

1. Introduction

The progressive destruction of periodontal tissues is the result of a chronic inflamma-
tory disease triggered by a dysbiotic dental biofilm [1]. It is important to recognize that
bacteria and their products gradually affect the periodontium’s integrity, which may lead
to a local inflammatory response as well as a systemic response [2,3]. Inflammatory and
immunologic mediators induce an acute phase response in reaction to microbial, viral, or
parasitic tissue insults, mechanical or thermal trauma, ischaemic necrosis, or malignant
growth [4]. In addition to elevated pro-inflammatory mediator levels, patients with peri-
odontitis exhibit distinct haematological alterations, including elevated C-reactive protein
(CRP) levels [4-6].
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As a result of pro-inflammatory cytokines released by hepatocytes during inflamma-
tory/infectious processes, C-reactive protein is synthesized. There are two forms of CRP,
native pentameric CRP and monomeric CRP, which bind to different receptors and lipid
rafts and exhibit different functions [7]. Several large-scale, prospective studies have shown
that CRP is also associated with chronic inflammation, although it is known as a biomarker
of acute inflammation [8-10]. Cytokines are released as a result of tissue injury, resulting in
acute phase reactions, and causing the liver to generate acute phase proteins such as CRP.
During acute phase reactions, plasma CRP rises dramatically [11]. In vitro, CRP displays
both anti-inflammatory and pro-inflammatory effects. Furthermore, the pro-inflammatory
effects encompass ligand-bound CRP’s ability to stimulate the complement system [12].

CRP is normally present in trace amounts in the plasma (0.6 mg/dL) in healthy
people, and its concentration rises in the blood in response to inflammation or tissue
destruction. These levels have been found to return to normal after the inflammation, or
tissue destruction resolves [7,13]. Women with CRP levels of 3 mg/L or above have a
greater risk of hypertension, according to research, and this risk is independent of other risk
factors such as obesity, hyperlipidemia, or diabetes [14,15]. In other studies, increased CRP
levels have been put forth to indicate mild inflammation associated with atherosclerotic
vascular disease [16,17].

Elevated serum CRP levels are caused by active tissue-damaging processes and in-
dicate current disease activity. It is also considered a diagnostic adjunct in managing
systemic infection [18]. Periodontitis is a slowly progressive and destructive disease with
periods of exacerbation and remission. Serum CRP levels in patients with periodontal
disease are higher, according to current findings based on systematic review [19]. This
suggests a relationship between destructive periodontal disease and an increased risk of
atherosclerotic and cardiovascular problems [20]. The exact method by which CRP con-
tributes to cardiovascular disease is unknown. CRP, on the other hand, may stimulate the
complementary system and play a role in the production of foam cells [14,21]. According to
research, elevated CRP levels associated with other clinical diseases may serve as an extra
stimulus for a systemic inflammatory response [22,23]. Serum CRP measurement in clinical
settings could be used to screen for organic illnesses. In some inflammatory, infective,
and ischemic disorders, such as periodontal disease, serum CRP has also been used as a
measure of disease activity and response to therapy [24,25]. Therefore, the null hypothesis
for this study stated that the periodontal therapy in chronic periodontitis doesn’t influence
the CRP levels. As a result, the goal of this study was to compare serum CRP levels and
clinical parameters of patients with chronic periodontitis before and after scaling and root
planing (SRP).

2. Materials and Methods

This study was performed in 2015 at the Institute of Dental Sciences in Bareilly, Uttar
Pradesh, India. The subjects who had periodontal treatment in the last six months, were
on antibiotics for the previous three months, had a history of smoking, tobacco chewing,
or alcohol abuse, pregnant and lactating patients, and patients on steroid therapy were
excluded from the study. Written informed consent was obtained from the participants
prior to enrollment.

2.1. Study Design

The sample size for the study was estimated using G-Power computing tool. We
calculated the effect size (d = 0.5784) using a standardized effect size, with a power (priori
power analysis) set to 0.80 that would be used when combining the results of the study
with the results of other studies, such as in meta-analysis [26]. Earlier studies found a
minimally significant difference (MID) of 0.50 (clinical significance) in scores. The systemic
status of the participants was assessed by personal interview and confirmed by clinical
assessment. The study included 100 systemically healthy adults (n = 100; 50 males and
50 females) whose age ranged between 30-55 years. Participants were randomized into
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two groups: Group A (control group: Figure 1) n = 50; periodontally healthy subjects and
Group B (test) n = 50; subjects with chronic periodontitis. The test group (group B: Figure 2)
was further separated randomly into two groups: Bl (n = 25) and B2 (n = 25). The clinical
parameters and serum CRP levels were measured only once in Group A and before SRP
in Group B1 subjects. In Group B2 subjects the clinical parameters and serum CRP levels
were measured only after two months following SRP (as the same set of participants were
enrolled in both Group B1 and Group B2). Orthopantomogram was taken to confirm the
bone loss to aid in initial diagnosis. The clinical parameters recorded included gingival
Index (GI); Loe and Silness [27], plaque index (PI); Silness and Loe [28], probing pocket
depth (PPD) and clinical attachment level (CAL), and C-reactive protein (CRP) levels.

Figure 1. (A) Turbilyte CRP reagent, (B) Spectrophotometer, (C) CRP concentration graph.
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Figure 2. (A) Mean gingival index scores, (B) mean plaque index scores, (C) mean probing pocket
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depth scores, (D) mean clinical attachment level scores, (E) mean C-Reactive Protein levels. The “x”
means outlier.

2.2. Methodology and Sample Collection

After taking a comprehensive case history, the clinical parameters (GI, PI, PPD, CAL,
and CRP) were measured and assessed by the authors as baseline data. After that, 2 mL
of blood was drawn for all the subjects from the antecubital fossa by venipuncture under
the aseptic condition to estimate baseline serum CRP levels. The blood sample was then
centrifuged (C-95416, Remi Elecktrotechnik Ltd., Mumbeai, India) at 3000 r.p.m. (revolutions
per minute) for 10 min, and then the serum was separated. The serum sample was stored
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in the refrigerator (2-8 °C) until transported in an ice bag to the lab, where the CRP level
was analyzed by the immunoturbidity method. Subsequently, in Group Bl and Group
B2, supra- and subgingival ultrasonic scaling was performed at the initial visit, and after
7-10 days of time thorough area-by-area root planing was performed using area-specific
Gracey curettes (Hu—Friedy®., Chicago, IL, USA). Oral hygiene instructions were given and
reinforced at every regular recall interval visit during the maintenance phase. All of the
above clinical and biochemical parameters were repeated in Group B2 subjects two months
after following SRP [19].

2.3. Laboratory Procedure for Assessment of C-Reactive Protein Levels in Serum

C-reactive protein levels were determined using quantitative Turbidimetric Immunoas-
say Turbilyte CRP (B68959, Tulip Diagnostics Ltd., Panaji, India) (Figure 1A) [29]. An
activation buffer was added to the test specimen. After that, the Turbilyte CRP reagent
was introduced and allowed to react. The creation of an insoluble compound triggered the
presence of CRP in the test specimen responsible for the turbid appearance was determined
by a spectrophotometer (Chem 5-Plus V2, Transasia Bio-medicals Ltd., Mumbai, India) at
546 nm wavelength (Figure 1B). The increase in turbidity suggests that the specimen being
tested has high levels of CRP.

2.4. Test Procedure

The reagents and the samples were brought to room temperature before being recon-
stituted exactly with 1.0 mL of distilled water using Turbilyte CRP calibrator. After 10 min,
the vial was gently swirled until the solution attained homogeneity. Once reconstituted, it
became ready to use for the preparation of the CRP calibration curve. We mixed 450 pL of
Turbilyte CRP activation buffer and 50 pL of diluted calibrator well and incubated this for
five minutes at 37 °C. Absorbance (Al) was noted. Then, 50 puL of Turbilyte CRP reagent
(preincubated at 37 °C) was added and mixed gently. The absorbance (A2) was noted at
the end of precisely five minutes.

2.5. Calculations

Calculation of AA (A2 — A1) for the calibrator-A graph of AA versus CRP concentra-
tion was plotted (Figure 1C). For detecting CRP levels in the test specimen, the above steps
were repeated, the test specimen was used instead of calibrator, and AA was calculated
for the test specimen. Interpolation of AA of the diluted test specimen was performed on
the calibration curve, and the CRP concentration of the test specimen was obtained. The
CRP concentration was multiplied with the test specimen’s dilution factor to obtain CRP
concentrations in the neat test specimen.

2.6. Statistical Analysis

The statistical analysis was carried out using Statistical Package for Social Sciences
(SPSS Inc., Chicago, IL, USA, version 20.0 for Windows). Mean values of the clinical
parameter and CRP levels between the groups were analyzed by one-way ANOVA followed
by Bonferroni post hoc test for intergroup multiple comparison. This was performed at a
significance level of « < 0.05.

3. Results

The present study showed that all three groups were different in their gingival and
plaque index scores with more clinically severe scores in group Bl (before SRP treatment)
compared to group A (healthy individuals) and B2 (after SRP treatment) (p < 0.05). Similarly,
PPD and CAL showed statistically significant differences between three groups, with
higher values in patients with periodontitis before intervention (2.196 + 0.49; 1.490 + 0.23),
respectively. The mean Gingival Index score for Group A was 0.146, for Group Bl was
2.4372, and for Group B2 was 1.0522. Statistical analysis showed that mean differences
between groups were found to be significant (p < 0.001). Plaque index for all the groups



Diagnostics 2023, 13, 2483 50f9

were compared and it was seen that in Group A the mean score was 0.4142; in Group Bl it
was 2.499; and in Group B2 it was 0.9544. A statistically significant mean difference was
seen (p < 0.001), when mean plaque scores for all the groups were compared. These results
show that the plaque index of the patients was poor in Group B1 when compared to Group
A and Group B2. For periodontitis patients in Group B1, the mean level of C-reactive
protein was 1.678 mg/dL and in Group B2 it was 0.8892 mg/dL after SRP. The mean level
of C-reactive protein was higher in Group Bl and Group B2; however, the results were
statistically significant (p < 0.001). When serum levels of C-reactive protein for controls
Group A were compared to those of periodontitis patients in Group B1, the results were
also significant (p < 0.001) (Table 1) (Figure 2).

Table 1. Comparison of Clinical parameters and CRP levels among three groups.

Clinical Parameter Group A Group B1 Group B2 F p Value
Gingival Index (GI) 0.14 £ 0.03 2.43 £0.33 1.05 +0.34 853.27 0.00 *
Plaque index (PI) 0.41 +£0.07 249 +0.27 0.95 +0.37 749.49 0.00 *
Probing pocket depth (PPD) 0.00 £ 0.00 2.19 £0.49 1.20 + 0.40 443.92 0.00 *
Clinical attachment Loss (CAL) 0.00 + 0.00 1.49 +0.23 0.77 + 0.21 840.56 0.00 *
C-Reactive Protein (CRP) 0.04 + 0.02 1.67 £ 0.58 0.88 + 0.04 216.73 0.00 *

* p value < 0.05 statistically significant.

The mean CRP level for three groups in descending order were group B1 (1.678 £ 0.58),
Group B2 (0.889 +£ 0.04) and Group A (0.048 +£ 0.02). Groupwise comparison revealed
significant difference between all groups and also between untreated chronic periodontitis
subjects, who demonstrated higher CRP levels compared to SRP treated chronic periodon-
titis subjects and healthy subjects (p < 0.05) [Table 2].

Table 2. Post hoc analysis of clinical parameters and CRP levels among the three groups.

Mean 95% Confidence Interval
Parameter Group Difference Std. Error
Lower Bound Upper Bound p Value
Bl 229 0.06 243 216 0.00 *
A B2 —0.91 0.06 —1.04 —0.77 0.00 *
ar . A 229 0.06 2.16 243 0.00 *
B2 1.39 0.06 125 152 0.00 *
A 0.91 0.06 0.77 1.04 0.00 *
B2 B1 ~139 0.06 ~152 125 0.00 *
Bl 208 0.06 22 —195 0.00 *
A B2 ~0.56 0.06 —0.69 —043 0.00 *
A 2.08 0.06 1.95 222 0.00 *
FI Bl B2 1.52 0.06 1.39 1.66 0.00 *
A 0.56 0.06 043 0.69 0.00 *
B2 B1 ~152 0.06 —1.66 ~1.39 0.00 *
Bl —220 0.07 237 —2.02 0.00 *
A B2 —121 0.07 ~1.39 ~1.03 0.00 *
A 220 0.07 2.02 237 0.00 *
PPD Bl 3 0.99 0.07 0.81 117 0.00 *
0 A 121 0.07 1.03 1.39 0.00 *

B1 —-0.99 0.07 -1.17 —0.81 0.00 *
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Table 2. Cont.
95% Confidence Interval
Parameter Group .Mean Std. Error
Difference Lower Bound Upper Bound p Value

A B1 —1.49 0.04 —1.58 —1.40 0.00 *

B2 —0.78 0.04 —0.87 —0.69 0.00 *

A 1.49 0.04 1.40 1.58 0.00 *

CAk Bl B2 0.71 0.04 0.62 0.80 0.00 *
B A 0.78 0.04 0.69 0.87 0.00 *

B1 —0.71 0.04 —0.80 —0.62 0.00 *

A B1 —1.63 0.08 —1.82 —1.44 0.00 *

B2 —0.84 0.08 —1.03 —0.65 0.00*

A 1.63 0.08 1.44 1.82 0.00 *

S Bl B2 0.79 0.08 0.60 0.98 0.00 *
B A 0.84058 * 0.08 0.65 1.03 0.00 *

B1 —0.78942 * 0.08 —0.98 —0.60 0.00 *

* p value < 0.05 statistically significant.

4. Discussion

Over the last two decades, there has been an increased awareness and interest in the
influence of oral health on cardiovascular diseases. CRP is a periodontal disease indicator,
and it increases by several folds in response to infection or inflammation. In various
inflammatory, infectious, and ischemic disorders, it is a measure of disease activity and
response to treatment [30]. Several studies have shown the potential to explain instances
where the intraoral source of infection has caused systemic inflammatory response despite
the absence of other contributing factors, thus posing an increased threat of cardiovascular
diseases in healthy patients [22]. CRP is a serum protein synthesized in the liver only during
an inflammatory disease and has a half-life of 19 h. The rate of synthesis and secretion
increases within hours of an acute injury or onset of inflammation. It may reach as high as
20 times the normal value. An elevated serum concentration of CRP is evidence of active
tissue-damaging processes, an indicator of current disease activity, and a diagnostic adjunct
in the management of systemic infection. It plays a protective role in recognizing foreign
pathogens and initiating their elimination, probably activating the classic pathway of
complement through complement activation [17]. Taking into consideration the short half
life of 19 h, it would be deemed necessary for the researchers to evaluate the concentration
of CRP very frequently; however, this was not pursued in the current investigation. The
monitoring period for evaluating the changes in CRP levels was scientifically supported
by the conclusion drawn out of the systematic review on CRP and periodontal diseases
by Machado et al. [19]. The conclusions presented in this systematic review were that the
periodontitis treatment induces a short-term acute inflammatory increase when performed
in an intensive session, whilst a progressive reduction in up to 6 months was demonstrated
when performed in multiple visits.

Periodontitis is a disease of the periodontium that is characterized by periods of active
tissue destruction and periods of relative quiescence. The positive C-reactive protein level
is observed during the active tissue destruction period. Patients with levels of CRP below
0.6 mg/dL could be in the quiescence period of periodontitis, which gives a negative
finding for in terms of CRP levels. On the contrary, studies found that CRP levels did not
vary significantly between healthy and diseased sites [31,32]. This could be because many
diseased sites were likely stable and some healthy sites may have been undergoing active
attachment loss. Quantitative analysis of CRP levels in the blood can help in assessment
and management of inflammatory periodontal disorders, as well as determination of the
link between periodontal health and other issues such as cardiovascular disease [24]. The
results of the current study suggest that there was increased severity of inflammation
and disease activity in Group Bl and Group B2 when compared to Group A. The results
indicate that the plaque index of Group B1 patients was significantly higher compared
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to both Group A and Group B2, suggesting poorer oral hygiene and a greater risk for
periodontal disease. However, the comparison of Group A and Group B2 was also found
to be statistically significant (p < 0.001). This decline in serum CRP levels in Group B2
explains the reduction in periodontal inflammation after SRP. Based on these findings,
we rejected the null hypothesis of the study as the higher CRP levels in the test group
(Group A) suggested an increased severity of inflammation and disease activity compared
to group B1 and group B2. Our findings also showed higher gingival inflammation and
disease severity in periodontitis patients than control subjects. The positive CRP level was
observed during the active tissue destruction period. The patients with CRP levels below
0.6 mg/dL could be in the quiescence period of periodontitis, which may have resulted
in negative findings for the CRP levels. On the contrary, other studies [33] found that
the difference in CRP levels between healthy and sick locations was not significant. This
could be attributed to the fact that many diseased areas were perhaps stable, and other
non-diseased sites may have been undergoing active attachment loss.

Another significant finding of this study is the improvement in all clinical parameters,
such as the reduction in probing pocket depth and the increase in clinical attachment, in the
test group. As a result, the considerable drop in serum CRP levels in the test group can be
linked to the above-mentioned improved clinical indicators. As a result, this study shows
that SRP reduces serum CRP levels significantly. This study’s results are in accordance
with the other studies [34,35]. The reagent (Turbidimetric Inmunoassay Turbilyte CRP)
used in the present study had the advantage of being economical. Furthermore, it was
possible to get minute values of serum CRP level in all the subjects with the quantitative
Autoanalyser (ERBA-CHEM 5 PLUS). This enabled us to compare the normal values of
serum CRP of periodontally healthy subjects, i.e., control group A to those of chronic
periodontitis of test Group B2 following SRP. The decrease in serum CRP level in Group
B2 with improved periodontal condition after SRP and approached the levels of group
A control subjects; however, this decline was statistically significant (p < 0.001). These
findings are comparable to the study results of George et al. [34]. The results of the above
study suggested that destructive periodontal diseases contribute to systemic inflammatory
response, as indicated by the levels of C-reactive protein in serum. This level in the
serum is associated with the degree of inflammation and amount of destruction in the
periodontium. Periodontal disease, a common condition, may predispose the affected
patient to cardiovascular diseases by increasing the levels of this acute phase protein.
Established risk factors for “high-normal” values of CRP within the general population
include older age, cigarette smoking, chronic bacterial infections, and chronic bronchial
inflammation. However, raised CRP levels have been observed among individuals with
no apparent established risk factors for elevated CRP, suggesting that other pathological
conditions may constitute an additional stimulus for a systemic inflammatory response
among some individuals [19]. As in this current investigation, only stimulus form chronic
periodontal infection triggering the systemic inflammatory response has been taken as a
confounding factor; however, these results may vary in individuals with variations in age
and smoking habits (not assessed in the current study)—a of the limitation for the current
study. Furthermore, the results of the above study may be subjected to several limitations,
like the small sample size and short follow up. Thus, long term interventional studies
with larger sample size are needed to further evaluate the role of periodontal diseases in
these conditions.

5. Conclusions

Within the limitations of the current study, it can be suggested that destructive peri-
odontal diseases contribute to systemic inflammatory response, as indicated by the levels
of CRP in serum. However, after scaling and root planing treatment, the serum levels
of C-reactive protein decreased significantly, suggesting that this treatment is effective in
reducing periodontal inflammation. These findings highlight the importance of timely
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periodontal treatment in managing periodontitis and reducing CRP levels in affected indi-
viduals.
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