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Abstract
Introduction—The diagnosis and assessment of apical periodontitis by traditional periapical
radiographs can be challenging and might yield false-negative results. The aim of this study was to
determine whether interleukin-1beta (IL-1β) and dentin sialoprotein (DSP) in gingival crevicular
fluid (GCF) can be used as biological markers for apical periodontitis.

Methods—Forty healthy patients with teeth diagnosed with apical periodontitis of pulpal origin
were included in the study. GCF samples were obtained from the diseased tooth and from a
healthy contralateral control tooth. Total protein concentration in each sample was determined by
using the Bio-Rad protein assay. Enzyme-linked immunosorbent assay was used to analyze the
concentration of IL-1β and DSP in the samples.

Results—Protein content of the GCF was statistically significantly higher in the disease group
compared with the control group. The levels of IL-1β and DSP were not statistically different
between disease and control groups.

Conclusions—Although this study was unable to demonstrate a significantly higher level of
IL-1β or DSP in the GCF of teeth with apical periodontitis, the observed presence of a
significantly higher level of total protein in the GCF of diseased teeth suggests the possible role of
total protein level as a marker for periapical disease.
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The inflammatory periapical lesion is a common sequela of infected pulp necrosis and
manifests itself as the host defense response to microbial challenge emanating from the pulp
canal system. Numerous cell types, including polymorphonuclear leukocytes, T and B
lymphocytes, macrophages, and plasma cells, have been identified in periapical lesions (1).
These inflammatory cells, especially macrophages, mediate the immunologic response seen
in apical periodontitis (2). Bone resorption seen in periradicular lesions is mainly caused by
the production of interleukin-1beta (IL-1β) by macrophages (3, 4) and tumor necrosis
factor–β by T lymphocytes (5). Il-1β is commonly found in human periapical lesions (6).
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Dentin resorption can also occur during the development of apical periodontitis (7). Dentin
sialoprotein (DSP) is a dentin non-collagenous protein involved in the mineralization of
predentin into dentin. DSP was found in the gingival crevicular fluid (GCF) of patients
presenting with external apical root resorption caused by orthodontic movement (8). DSP
was once thought to be a dentin-specific protein, but its expression was also demonstrated in
bone tissue, although in much lower levels than in dentin (9). Therefore, it is possible that
DSP detected in GCF is not exclusively from dentin resorption.

Currently, the presence or absence of apical periodontitis is determined by clinical and
radiographic examination. Because there is a relatively low incidence of clinical signs and
symptoms associated with periradicular periodontitis (10), the diagnosis is established
primarily by radiographic findings in association with pulp vitality tests. Clinical symptoms
are present in only approximately 18%–24% of teeth with radiographic evidence of apical
periodontitis (10, 11). The limitations of radiographic examination in detecting the presence
of apical periodontitis are well-known and are related to the amount of bone loss caused by
the lesion, the spread of bone resorption into the cortical bone, location in the jaw, and
operator variability in radiographic interpretation (12, 13). Recent studies demonstrated that
cone beam computed tomography (CBCT) is more accurate in detecting apical periodontitis
compared with conventional radiographs (14–19). Because both the cost of CBCT and
radiation exposure continue to decrease, its use for the assessment of periapical healing will
likely become more common.

Peripheral body fluids such as GCF are often used as identity markers of acute and chronic
inflammation because the composition of these fluids might change as a result of their
proximity to an inflammatory focus. GCF is the inflammatory exudate that can be collected
at the gingival crevice. Collection of GCF is simple and presents minimal risk to the patient.
Biological markers such as inflammatory mediators and neuropeptides were detected in the
GCF of patients with periodontal disease (20) and root resorption caused by orthodontic
treatment (8). Increased levels of substance P, neurokinin A, and IL-8 were found in the
GCF of patients with acute irreversible pulpitis (21, 22). In the presence of active disease
associated with apical periodontitis, inflammatory mediators and dentin proteins that are
released in the periapical tissues might diffuse through the periodontal ligament and
subsequently into the gingival crevice.

The objective of this study was to test the hypothesis that higher levels of IL-1β and DSP
would be detected in the GCF of teeth diagnosed with apical periodontitis compared with
healthy control teeth in the same patient. The long-term goal is to develop a reliable,
inexpensive, and noninvasive test that could be used as an adjunct to currently used
diagnostic tools to detect the presence of active periapical inflammation.

Materials and Methods
Forty patients were recruited from the pool of patients seeking routine or emergency
treatment in the Postgraduate Endodontics Clinic of the University of Illinois at Chicago
(UIC). The UIC Institutional Review Board approved the study. Written and verbal
informed consent was obtained from each patient.

The inclusion/exclusion criteria for this study were as follows. Participants must be 18 years
old or older with an unremarkable medical history and radiographically evident apical
periodontitis on a restorable single or multirooted tooth. Patients undergoing first time root
canal therapy (RCT), retreatment RCT, and surgical RCT were included. Pulp vitality
testing was performed on teeth that had not been previously treated to confirm pulpal
necrosis. Patients were not excluded on the basis of previous or current use of antibiotics or
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analgesics. Patients were excluded if periodontal probing depths were greater than 4.0 mm
on the experimental or control tooth or if bleeding on probing was detected. Patients were
also excluded if undergoing orthodontic treatment.

GCF was collected from the experimental tooth and a healthy contralateral control tooth in
each subject immediately before treatment. Contralateral teeth were examined clinically and
radiographically, and cold testing was performed to ensure the tooth had normal pulp and
periradicular tissues. One investigator (B.B.) collected all samples.

Before sample collection, the tooth was washed gently with water, dried, and isolated with
cotton rolls. A saliva ejector was also used to prevent saliva contamination. Filter paper
strips (Periopaper; Oraflow, Plainview, NY) were then inserted 1–2 mm into the gingival
crevice of each tooth or until mild resistance was sensed. The strips were removed from the
gingival sulcus after 30 seconds (Fig. 1). Two additional samples were collected from the
same tooth at 5-minute intervals. Samples were rejected if contaminated by blood or saliva.
A total of 6 strips were collected from each tooth. After removal from the gingival sulcus,
all the strips were immediately placed in a microcentrifuge tube containing ice-cold 1X
phosphate-buffered saline solution with 0.1 mmol/L phenylmethylsulfonyl fluoride. All
patients were treated by endodontic residents according to established standard procedures
for nonsurgical or surgical RCT. Patients were referred back to their general dentists for
final restoration and were scheduled for a 6-month follow-up appointment in the
Postgraduate Endodontics Clinic for assessment of healing and collection of GCF.

The protein concentration of each sample was determined by the Bradford method (Bio-Rad
protein assay; Bio-Rad, Hercules, CA) at 4°C to avoid protein degradation. Bovine serum
albumin was used as the standard. After dilution of samples to equalize the protein content
of each pair of control and experimental teeth, indirect enzyme-linked immunosorbent assay
(ELISA) was used to detect and quantify the presence of IL-1β and DSP. All samples were
assayed in duplicate. Primary antibody dilutions in this assay were 1:200 for IL-1β (Santa
Cruz Biotech Co, Santa Cruz, CA) and 1:2000 for DSP (Dr Anne George, Chicago, IL). The
secondary anti-rabbit immunoglobulin G antibody was used at a 1:7000 dilution (Sigma-
Aldrich, St Louis, MO). The optical density was measured at 405 nm with a microtiter plate
reader (Biotek, Winooski, VT).

An independent samples t test was used to compare the protein concentration and the levels
of IL-1β and DSP in the GCF of experimental and control groups (SPSS, Chicago, IL). The
significance level was set at P <.05.

Results
Forty diseased and 40 control teeth were tested (37 patients, 24 female and 13 male). The
Bradford method for protein concentration showed an average of 66.52 ± 50.96 μg/μL in the
diseased group and 36.69 ± 34.05 μg/μL in the control group. There was a statistically
significant difference between the 2 groups (t = 3.08; P = .003) (Table 1). The mean
absorbance of IL-1β in the GCF in the diseased group was 0.18 ± 0.06, which was not
statistically different compared with the control group, 0.16 ± 0.05 (t = 1.62; P = 0.15)
(Table 2). The mean absorbance of DSP was 0.34 ± 0.11 in the diseased group and 0.30 ±
0.09 in the control group. There was no statistically significant difference between groups (t
= 1.78; P = .09) (Table 3).

Discussion
The outcome of RCT is influenced by a number of factors. One of the most important
determinants of success is the status of the pulp and periapical tissues before treatment (10).
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Periapical radiographs are the most commonly used tool for evaluation of healing after RCT.
However, the limitations associated with traditional 2-dimensional radiographic imaging to
detect periapical pathosis are well-known (18, 23, 24). In addition, even though the majority
of periapical lesions will show radiographic evidence of healing 1 year after treatment (25–
27), healing progresses in a linear manner, and 3–4 years might be required to truly evaluate
healing (28, 29). A noninvasive tool to measure the presence of active periapical
inflammation could be a useful adjunct to radiographic evaluation, particularly in cases in
which the radiographic interpretation is uncertain. Knowing the status of the immune
response and not its consequences could be important in cases with apparently slow healing
lesions.

The use of GCF as a diagnostic aid in periodontal disease is not a new concept (30, 31).
However, use of GCF as a potential tool for diagnosis of periapical lesions of endodontic
origin is a relatively novel concept. Belmar et al (32) found significantly elevated levels of
matrix metalloproteinases (MMP-9 and MMP-2) in the GCF of teeth with periapical lesions.
Although the study by Belmar et al was not available as a reference when the current study
was designed and conducted, the methods were similar. MMPs in GCF might emerge as
useful biological markers for monitoring apical periodontitis (32). Other investigators have
found elevated levels of inflammatory markers in the GCF of teeth with a clinical diagnosis
of irreversible pulpitis (21, 22). Specific organic matrix proteins and cytokines (osteopontin,
osteoprotegerin, and receptor activator for nuclear factor kappa B ligand) have been found in
higher levels in the GCF of teeth with root resorption as a result of orthodontic movement
(33).

The results of this study demonstrated a higher level of IL-1β and DSP in the diseased group
compared with the control group, but the results did not reach statistical significance. One
possible explanation for this finding could be the dynamics of the development of apical
periodontitis. This disease process is characterized by 2 distinct phases, an active bone
resorption phase and a chronic phase with little lesion expansion (34). It is possible that
IL-1β and DSP levels are elevated only during the active phase of the disease, and if this is
the case, IL-1β and DSP might not be suitable markers for apical periodontitis.

Samples were prepared and diluted for the ELISA test in a way that equalized the amount of
total protein in control and disease samples. This step was necessary because IL-1β and DSP
are not exclusively seen in cases of apical periodontitis. The same markers were detected in
patients with periodontal disease and root resorption. It was important to use a contralateral
endodontically healthy tooth as a control in each patient to rule out false positives as a result
of other inflammatory conditions.

Patients taking antibiotics and anti-inflammatory drugs were included in this study. The
rationale for this decision was that many patients presenting for endodontic procedures are
taking one or both of these types of medication. Even though anti-inflammatory drugs could
decrease the amount of inflammatory mediators such as interleukin, these patients were
included in the study.

Karapanou et al (22) showed an increased level of IL-8 (CXCL8) in the GCF of patients
with irreversibly inflamed pulps compared with healthy contralateral teeth. An interesting
finding in this study was that if samples were collected after the diseased tooth had received
local anesthesia, the levels of CXCL8 dropped to levels similar to those found on healthy
teeth, which shows the influence of anesthesia on the levels of CXCL8. We did not take the
time of anesthesia into consideration in our study. Even though most of the samples were
collected before anesthesia, some patients received anesthesia before collection, which
might have influenced the results. Controlling for the influence of local anesthesia and
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concurrent use of antibiotics or anti-inflammatory drugs are relevant considerations for
future research.

The presence of a significantly higher concentration of nonspecific protein in the GCF of
diseased teeth compared with control teeth was an interesting finding and suggests a
potential biochemical marker for periapical disease. Although the current study was unable
to demonstrate a significant difference in IL-1β and DSP levels between diseased and
control teeth, future studies might identify other biochemical markers for active apical
periodontitis.
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Figure 1.
Filter paper strips were inserted 1–2 mm into the gingival crevice of each tooth for 30
seconds to collect the GCF sample. (This figure is available in color online at
www.aae.org/joe/.)
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TABLE 1

Protein Concentration (μg/μL) in the Control and Disease Groups

Group N Mean Standard deviation P value

Disease group 40 66.52 50.96 .003

Control group 40 36.69 34.05
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TABLE 2

IL-1β Absorbance in Control and Disease Groups

Group N Mean Standard deviation P value

Disease group 40 0.18 0.06 .150

Control group 40 0.16 0.05
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TABLE 3

DSP Absorbance in Control and Disease Groups

Group N Mean Standard deviation P value

Disease group 40 0.34 0.11 .086

Control group 40 0.30 0.09
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