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Expression of calcitonin gene-related 
peptide and pulp sensitivity tests in 
irreversible pulpitis

Abstract: The aim of the present study was to identify the relationship 
between the expression of calcitonin gene-related peptide (CGRP) and 
the responses of pulp sensitivity tests in healthy pulps and irreversible 
pulps by performing a cross-sectional study on patients. Two hundred 
subjects were evaluated. A total of 75 subjects complied with the 
criteria. The participants were divided into two groups: a) Healthy pulp 
(subjects [n = 35] having posterior teeth with clinically normal pulp 
tissue), and b) Irreversible pulpitis (subjects [n = 40] having posterior 
teeth with irreversible pulpitis). All participants were evaluated using 
the following variables: a) medical and dental history, b) pulp sensitivity 
tests, c) expression of CGRP by the enzyme-linked immunosorbent 
assay (ELISA), and d) expression levels of mRNA CGRP and mRNA 
CGRP receptor genes. We determined that the responses of the cold test 
between 4 and ≥12 s presented a higher average of the expression of 
CGRP in the group having irreversible pulpitis (p = 0.0001). When we 
compared the groups with the value of the electrical impulse, we found 
statistically significant differences (p = 0.0001), observing positive 
responses to the test with electrical impulses of 7 to 10, with an average 
of 72.15 ng/mL of CGRP in the irreversible pulpitis group. High values 
of CGRP expression were observed in that group in the responses of 
pulp sensitivity.

Keywords: Calcitonin Gene-Related Peptide; Dental pulp test.

Introduction

Dental pulp inflammation (pulpitis) is a complicated process that 
involves various nervous and vascular reactions. Neuropeptides 
are actively involved in homeostatic regulation both under normal 
conditions and during pulp inflammation by controlling its blood flow 
and regulating the later stages of inflammation and repairing processes.1 
Calcitonin gene-related peptide (CGRP) is a neuropeptide located 
in the C-type fibers of pulp tissue, participating in neurotropic and 
neurotrophic activities, regulating antigen presence within the immune 
system, and acting as an endogenous vasodilator.2 This neuropeptide 
also interacts with different immunoregulator cell populations, such 
as macrophages, modulating their function and inducing the release 
of inflammatory mediators including cytokines, prostaglandins, and 
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thromboxanes.3 Measures such as medical and dental 
histories, clinical examinations, specific pulp tests, 
and radiographic analyses are necessary to diagnose 
pulpitis. Pulp sensitivity tests are frequently used 
in clinical practice because of their simplicity and 
low cost. However, researchers have published the 
following limitations regarding these tests: a) the 
tests report subjective results and measure only 
pulpal nerve responses and not pulpal blood flow, 
and b) some pathologies, restorations, and tooth 
characteristics are associated with false results.4 
Even with their limitations, pulp sensitivity tests are 
useful in diseased pulps because the responses in 
diseased pulps are different from those in healthy 
pulps.4 By increasing the understanding of the 
interrelationships between nervous and vascular 
reactions and the clinical signs and symptoms of 
dental pulp inflammation, we might be able to devise 
tools or strategies to complement the diagnosis.5,6,7 
Therefore, the aim of this study was to identify the 
relationship between the expression of CGRP and 
the responses of pulp sensitivity tests in healthy 
pulps and irreversible pulps.

Methodology

A cross-sectional study was performed from 
December 2015 to May 2018 in patients referred 
to the University of San Luis Potosí, Mexico, for 
either endodontic therapy or extraction of teeth for 
orthodontic reasons. All methods were carried out in 
accordance with relevant guidelines and regulations 
on humans. Following the ethical principles in the 
Helsinki Declaration, an informed and voluntary 
written consent was obtained from the patients 
before start of the study. The study was approved 
by the Research Ethics Committee of the Faculty 
of Dentistry, San Luis Potosí University, Mexico.

Study population 
Two hundred subjects were evaluated in the 

study. A total of 75 subjects matched the following 
criteria: 

Inclusion: a) no systemic diseases; b) both sexes; 
c) aged 17–40 years; d) no history of allergies; e) 
nonsmokers; f) subjects with posterior teeth (premolars) 

with clinically normal pulp tissue indicated for 
exaction for orthodontic purposes, and g) subjects 
with posterior teeth (premolars and molars) with a 
diagnosis of irreversible pulpitis. 

Exclusion: a) pregnancy; b)  history of trauma 
during the past 6 months; c) subjects having teeth with 
full surface crowns; d) subjects having restorations on 
surfaces under evaluation; e) cavity access; f) subjects 
having calcified root canals, and (7) subjects having 
incomplete root formation.8,9,10

Calculation of sample size 
Sample size calculation was based on a previous 

study11 for a design of comparison of means. The 
minimum sample size was calculated to be 20 
participants for each group with a power of 0.80 
and a significance level of 0.05.

Medical and dental histories were taken on all 
participants. An investigator recorded the medical 
history (including details of any medication taken 
within the past 6 months). The dental history included 
past and recent treatments, major pains (onset, 
duration, frequency, intensity, and location of pain), 
clinical evaluation (caries, restorations, enamel loss 
[abrasion, attrition, and fractures]), radiographic 
analysis (size and shape of the pulp chamber and root 
canals, radiolucent lesions, and thickened periodontal 
ligaments), and a periodontal evaluation (periodontal 
probing, gingivitis, and abscesses).10

Study groups 
The subjects were divided into two groups: 
(1) Control. Subjects with posterior teeth (premolars) 

with clinically normal pulp tissue indicated for 
extraction for orthodontic purposes, without enamel 
loss, without restorations or caries, without periodontal 
disease, asymptomatic, and without radiographic 
evidence of periapical pathology.  

(2) Irreversible pulpitis. Subjects with posterior teeth 
(premolars and molars) diagnosed with irreversible 
pulpitis. Patients had moderate-to-severe spontaneous 
pain of approximately 24-h duration, and they had 
not taken any anti-inflammatory medications, had 
either a normal or a hypersensitive reaction to 
percussion, and had no radiographic evidence of 
periradicular pathosis.1,11,12
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Pulp sensitivity tests 

Cold pulp testing
The teeth were isolated using cotton rolls and dried 

with cotton gauze.13 A clinical researcher sprayed a 
No. 2 cotton pellet with a refrigerant spray (1, 1, 1, 
2-tetrafluoroethane, Hygienic Endo-Ice Green [Endo-Ice]; 
Coltene Whaledent, Cuyahoga Falls, USA),9,10,14 which 
was then placed onto the tooth crown (on the buccal 
middle third) for 25 s or until the participant raised a 
hand to indicate a cold sensation. The results of the test 
were reported in seconds. First time evaluation (FT) 
was the number of seconds from the application of the 
stimulus until the participant raised a hand. The second 
time evaluation (ST) was the number of seconds from the 
removal of the stimulus until the sensation disappeared.10

Electric pulp testing
A second researcher used an electric pulp tester 

(Parkell Electronics Division, Farmingdale, USA) 
to apply an electrical impulse on the buccal middle 
third of each tooth. The vitalometer was used in 
accordance with the manufacturer’s instructions 
(monopolar mode with anodal electrode probe tip 
and a diameter of 2 mm). On a scale of 0–10 units, 
the rate of increase was recorded every 5 s for all 
study subjects.15,16

Applying the tests
The tests were performed by two researchers (to 

obtain independent results) who were blinded to 
the subjects’ clinical signs and symptoms, dental 
history, periodontal status, and radiographic findings. 
All teeth were tested (assigned randomly for each 
subject) using the two methods (cold test and electric 
test). The researchers allowed at least 5 min to elapse 
after each pulp test. Each participant was instructed 
to raise a hand the moment a sensation was felt 
during testing and to lower the hand the moment 
the sensation disappeared.

Procedures for obtaining pulp samples

Pulp samples from teeth with irreversible pulpitis 
After completing the tests, we performed 

endodontic treatment while the patients were 

anesthetized with 2% lidocaine and 1:100,000 diluted 
epinephrine. The teeth were isolated with a rubber 
dam, and the access cavity was completed. Finally, 
the pulp tissue was extracted with a sterile barbed 
broach file.

Samples of clinically normal pulp (teeth 
indicated for exaction for orthodontic purposes)

The teeth were anesthetized as for irreversible 
pulpitis, and all extractions were completed in 
less than 2.5 min. After this, the extracted teeth 
were washed with 5.25% sodium hypochlorite to 
eliminate remnants of the periodontal ligament. 
The teeth were then placed on a sterile tray and 
separated using a sterile cylindrical diamond bur 
in a high-speed handpiece irrigated with saline 
solution. The pulp tissue was removed using a 
sterile endodontic excavator.

Expression of the CGRP by the 
enzyme-linked immunosorbent assay 
(ELISA) and expression levels of mRNA 
CGRP and mRNA CGRP receptor genes by 
real-time PCR

Expression of the CGRP by the enzyme-linked 
immunosorbent assay (ELISA) 
a. Extraction of proteins using TRIzol: Dental 

pulps were resuspended in 0.5 mL TRIzol 
(Sigma-Aldrich Chemical Co, St. Louis, USA) 
and the proteins were precipitated with 
isopropanol. The protein pellets were washed 
three times with 0.3 M guanidine hydrochloride 
(Sigma-Aldrich), 95% ethanol (Sigma-Aldrich) 
and were then centrifuged and washed with 
absolute ethanol (Sigma-Aldrich). Protein 
pellets were dissolved in 50 µL of urea-CHAPS 
(9.5 M urea/2% CHAPS; Sigma-Aldrich). 
Protein quantification was performed with 
bicinchoninic acid microplate assay. Protein 
solutions were aliquoted and stored at -20°C 
before use.  

b. ELISA determination of  CGRP: ELISA, 
using a commercially available kit (Phoenix 
Pharmaceuticals, Inc, Burlingame, USA), was 
employed to measure the concentration of CGRP 
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in the dental pulps. The assay was performed 
according to the manufacturer’s instructions 
with a detection range 0.100 ng/mL. In the 
assays, we used 1 µg of total protein extracted 
from the dental pulps. All samples were 
assayed in duplicate, and mean values were 
calculated. Intensity of the color determined 
by spectrophotometry was proportional to the 
amount of the human CGRP present in each 
well during immunological incubation. 

Expression levels of mRNA CGRP and mRNA 
CGRP receptor genes by real-time PCR
a. Isolation of total RNA using TRIzol: Total RNA 

was extracted from the frozen pulp tissues 
using 0.5 mL TRIzol reagent (Sigma-Aldrich); all 
tissues were homogenized, and then the DNA, 
RNA, and proteins were removed. The RNA 
was dissolved in 30 µL of diethylpyrocarbonate-
treated water and stored at -20°C until use. 
The purity and yield of total RNA was 
measured spectrophotometrically at 260 and 
280 nm using a NanoDrop spectrophotometer 
(Thermo Scientific NanoDrop 2000, Thermo 
Fisher Scientific, Wilmington, New Hanover, 
USA). The absorption ratio (260:280 nm) was 
between 1.6 and 1.8. Finally, the samples were 
subjected to gel electrophoresis and stained 
with ethidium bromide to verify the integrity of 
the 18S and 28S ribosomal RNA. 

b. Real time q-PCR assays to measure mRNA 
expression levels of CGRP and CGRP receptor 
genes: We used 5–10 µg of total RNA to obtain 
complementary DNA (cDNA) using a High 
Capacity cDNA Reverse Transcription Kit 
(Applied Biosystems, Bio-Rad Laboratories Inc, 
San Francisco, USA). cDNA was employed to 
measure CGRP and receptor messenger RNA 
(mRNA) expression using specific primers 
by qRT-PCR. SybrGreen; 100 ng of cDNA was 
used to perform each PCR reaction (Bio-Rad) 
in an RT thermocycler CFX96 Real-Time System 
(Bio-Rad). The results obtained were analyzed 
using the 2-∆∆Cq method. The GAPDH gene 
was used as an internal control to normalize 
the gene expression values of the CGRP and 

CGRP receptor genes (∆Cq; relative gene 
expression of CGRP/GAPDH). The primers 
used to amplify the genes were designed 
by bioinformatic analyses of the reported 
sequences in the NCBI (PUBMED), employing 
ApE analysis software. The sequences of 
primers used in the study were CGRP, forward 
5´-GCCTGTGACACTGCCACCTG-3 ;́ reverse 
5́ -AAAGGCTTTGGAACCCACAT-3 ;́ and CGRP 
receptor, forward 5´-TCT GGT TCT CTT GCC 
TTT TTT-3 ;́ and reverse 5´-GTC CAT GTT CTG 
TTG CTT GCT-3 .́17,18

Statistical analysis
Categorical variables were reported with 

frequencies and percentages, and continuous 
variables were reported with means and standard 
deviations. Shapiro-Wilk and Brown Forsythe tests 
were performed to determine the distribution of the 
variables. To establish the differences between the 
two groups, we used the Mann-Whitney U test for 
quantitative variables and the chi-square ( χ2) test for 
qualitative variables. The Spearman’s rank correlation 
coefficient was used to identify correlations. Data 
were analyzed using JMP ver. 9.0 (SAS Institute, 
Cary, USA) and Stata ver. 11.0 (Stata Corp LP, College 
Station, USA) statistical software.19

Results 

Seventy-five subjects (65% female) aged 17–40 years 
(range, 24.0 ± 7.0 years) were evaluated. Thirty-
five (57% [n = 20] females aged 17–35 years [range, 
20.3 ± 3.5 years]) having 35 teeth were diagnosed 
with healthy pulps, and 40 subjects (72% [n = 29], 
aged 17.40 years [range, 27.3 ± 7.7 years]) having 40 
teeth were diagnosed with irreversible pulpitis. One 
tooth was included per subject. 

Table 1 shows the types of teeth and their clinical 
evaluation. In the group of teeth having healthy pulps, 
35 premolars with apparently healthy crowns were 
identified. In relation to the group of patients with 
irreversible pulpitis, the most frequently encountered 
teeth were mandibular molars (n = 17, 42%). Dental 
caries (n = 30, 75%) was the most common pathology 
observed in the 40 teeth with pulpitis. The gene, the 
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gene of the receptor, and the expression of CGRP in 
healthy pulps and irreversible pulpitis are presented 
in Table 2. When we compared the study groups, 
we found statistically significant differences (p = 
.0001) in the gene, the gene of the receptor, and the 
expression of CGRP, observing higher values in the 
group of patients with irreversible pulpitis. Table 3 
depicts the expression of CGRP and the responses 
of the cold test (in seconds) in healthy pulps and 
irreversible pulpitis. In the group of healthy pulps, 
on all the seconds of the first time (1–4) and second 
time (1–3), we observed values of CGRP expression 
from 3.19–5.19 ng/mL. However, in the group having 
irreversible pulpitis, at both times, we observed values 
from 53.7–103 ng/mL (p = .0001). 

During the first second (second 1) from the 
application of the stimulus until the participant 
raised a (his/her) hand (FT), we identified a high 
frequency of responses using the cold test (n = 22, 55%) 
and high values of CGRP expression (103.60 ng/mL). 
In relation to the ST (from removing the stimulus 
until the sensation disappeared), a high frequency of 

responses with the cold test was observed from 4 to 
≥12 s (n = 30, 75%), with values of CGRP expression 
ranging from 83.00–91.18 ng/mL. 

When we compared the expression of CGRP 
between a group with response to the cold test of 
1–3 s (n = 45, [35 healthy pulps and 10 with pulpitis], 
group 1) and a group of 4 to ≥12 s (n = 30, only 
pulpitis), group 2), we found statistically significant 
differences (P =.0001), observing higher values of 
CGRP expression in the group of responses of 4 to ≥12 s 
with pulpitis (86.20 ± 51.87 [range: 21.73–221.63]). On 
the other hand, CGRP expression in the two groups 
(healthy group = 0; irreversible pulpitis group = 1) 
were associated and correlated. A rho = 0.86 and a 
p = .0001 (n = 75) were obtained. We identified an 
increase of CGRP expression in the pulpitis group. 

Response times to the cold test (1–3 s = 0 and 
≥4 = 1) of the two study groups (healthy = 0 and 
irreversible pulpitis = 1) were also associated and 
correlated. A rho = 0.76 and a p = .0001 (n = 75) 
were identified. We observed that the responses of 
the test of ≥4 s was correlated with the diagnosis of 
irreversible pulpitis. With the previous analyses, we 
identified that the responses of the cold test between 
4 and ≥12 s  CGRP had a higher average expression 
in the irreversible pulpitis group. CGRP expression 
and the response to an electrical impulse (electric 
test) in healthy pulps and irreversible pulpitis are 
demonstrated in Table 4. 

In the group of healthy pulps, we observed subjects’ 
responses to electrical impulses ranging from 1–6, 
with values of CGRP expression between 3.30 and 
4.10 ng/mL. In the irreversible pulpitis group, after 
electrical impulses from 1–10 and without responses to 
the impulse, we observed values of CGRP expression 
between 57.86 and 130.25 ng/mL. Sixty percent (n = 24) 
of the subjects responded to electrical impulses 

Table 1. Types of teeth and their clinical evaluation (n = 75 
teeth).

Jaw Teeth
Healthy pulp - 
Frequency (%)

Irreversible 
pulpitis 

(n = 35) (n = 40)

Maxilla
Premolars 26 (75) 13 (33)

Molars – 8 (20)

Mandible
Premolars 9 (25) 2 (  5)

Molars – 17 (42)

Clinical 
evaluation

Healthy* 35 (100) 0

Caries 0 30 (75)

Restoration 0 17 (43)

Enamel loss 0 25 (63)

*Apparently healthy crown.

Table 2. The gene, the gene of the receptor, and the expression of cgrp in healthy pulps and in irreversible pulpitis.

Variables
Healthy pulp (n = 35) Irreversible pulpitis (n = 40)

           Mean ± SD 

CGRP Gene (Relative gene expression of CGRP/GAPDH) 1.12 ± 0.78   9.77 ± 5.89*

Gene of the Receptor (Relative gene expression of CGRP/GAPDH) 7.24 ± 5.64 35.03 ± 17.43*

CGRP Expression (ng/mL) 3.97 ± 2.94 87.75 ± 43.29*

CGRP: calcitonin gene-related peptide; SD: standard deviation. *Mann-Whitney U test: p = 0.0001.
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ranging from 1–6, with a range of 92.93–130.25 ng/mL 
of CGRP expression. However, 40% of the subjects 
(n = 16) either did not respond to the impulse or 
responded to impulses ranging from 7–10, with a 
range of 57.86–86.45 ng/mL of CGRP expression. 
When we compared the groups (35 healthy pulps 
and 40 irreversible pulpitis) with (a) the presence or 
absence of response to the test, and (b) the value of the 

electrical impulse, we found statistically significant 
differences (p = .0001), observing, in the group of 
irreversible pulpitis, the following: a) cases with no 
sensation and with an average of 74.10 ng/mL of 
expression of CGRP, and b) positive responses to the 
test with electrical impulses of 7, 8, 9, and 10, with 
an average of 72.15 ng/mL of CGRP. On the other 
hand, responses to the electric test with values of 

Table 3. Expression of CGRP and responses of cold test in healthy pulps and in irreversible pulpitis.

Healthy pulps (n = 35) Irreversible pulpitis (n = 40)

Cold Test First time 
Expression of CGRP 

(ng/mL)
Cold Test First time* 

Expression of CGRP 
(ng/mL)

Frequency of response (%) (s) Mean ± SD Frequency of 
response (%)

(s) Mean ± SD

3 (8) 1 5.19 ± 3.1 22 (55) 1 103.60 ± 60.6

8 (23) 2 3.19 ± 2.1 11 (28) 2 53.73 ± 31.3

22 (63) 3 3.97 ± 3.1 2 (5) 3 88.48 ± 52.4

2 (6) 4 3.23 ± 2.0 5 (12) 4 92.53 ± 25.4

 Second Time   Second Time*  

(s) (s)

4 (11) 1 3.70 ± 1.5 3 (8) 2 78.58 ± 49.98

24 (69) 2 3.67 ± 3.0 7 (17) 3 81.74 ± 41.20

7 (20) 3 4.68 ± 2.6 7 (17) 4 83.00 ± 45.00

   9 (23) 5–6 88.05 ± 58.91

   7 (17) 7–8 88.29 ± 60.90

   3 (8) 9–11 89.25 ± 30.81

   4 (10) ≥ 12 91.18 ± 42.95

SD: standard deviation; FT: first time, number of seconds from the application of the stimulus until the participant raised a hand; ST: second 
time, number of seconds from removing the stimulus until the absence of sensation. *Comparison of the responses in seconds of the FT with the 
two groups and the ST with both groups was = 0.0001 (Mann-Whitney U test).

Table 4. Expression of CGRP and response to an electrical impulse (electric test) in healthy pulps and in irreversible pulpitis.

Healthy pulps (n = 35) Irreversible pulpitis (n = 40)

Frequencies (%) Electrical impulse

Expression of CGRP 
(ng/mL) Frequencies (%) Electrical impulse*

Expression of CGRP 
(ng/mL)

Mean ± SD Mean ± SD

3 (9) 1 3.65 ± 2.8 4 (10) 1 92.93 ± 20.7

6 (17) 2 4.10 ± 2.6 7 (18) 2   83.53 ± 48.2

– – – 7 (18) 3 94.18 ± 61.9

21 (60) 4 3.95 ± 3.1 4 (10) 4 130.25 ± 74.6

5 (14) 6 3.30 ± 1.4 2 (5) 6   97.42 ± 39.7

   6 (15) 7–8   86.45 ± 60.6

   5 (12) 9–10   57.86 ± 21.2

   5 (12) Without answer   74.10 ± 38.6

SD: standard deviation; *Comparison of electrical impulses with the two groups was = p < 0.05 (Mann-Whitney U test). 
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1–6 impulses of both groups (healthy pulps [n = 35] 
and irreversible pulpitis [n = 24]) and the expression 
of CGRP were compared. We identified statistically 
significant differences (p = .0001) between the two 
groups. In the pulpitis group, we observed higher 
values of CGRP expression (99.66 ± 50) than those of 
the healthy group (3.75 ± 2.4).

Discussion

The aim of the present study was to identify the 
relationship between the expression of CGRP and 
responses of the pulp sensitivity tests in healthy 
pulps and irreversible pulps; therefore, it was 
advisable to analyze both variables to find a clinical 
application that facilitated a more objective result 
for pulpal diagnosis.

Expression of CGRP in teeth with 
irreversible pulps 

Whenever the pulp is injured, the immune system 
triggers an inflammatory response to limit tissue 
damage by eliminating and digesting invading 
organisms and cellular debris. Nevertheless, these 
inflammatory responses can injure pulpal tissue in 
severe cases and lead to pulpal necrosis.6 Pulpitis 
is a complicated process that involves various 
nervous and vascular reactions. Neuropeptides 
are actively involved in homeostatic regulation, 
both under normal conditions and during pulpitis, 
by controlling pulpal blood flow and regulating 
the later stages of inflammatory and reparative 
processes.1 Sensory-derived neuropeptides, such as 
CGRP, substance P, and neurokinin A, are produced 
in the trigeminal cell bodies and transported via 
axons to nerve terminals in the pulp. CGRP, the most 
powerful endogenous vasodilator, has neurotropic 
and neurotrophic properties, and it regulates antigen 
presentation within the immune system.2 It is 
primarily localized at the C and A-δ sensory fibers, 
which display wide innervation throughout the 
body, but C-type fibers are closely associated with 
pulp microcirculation.1,20 

Several studies have reported an increased 
expression of CGRP on teeth with irreversible 
pulpitis compared with teeth having healthy 

pulps.1,3,11,12,21 In this study, we observed higher 
values of the gene, of the gene of the receptor, and of 
the expression of CGRP in the irreversible pulpitis 
group (P = .0001). CGRP interacts with mast cells 
and induces histamine release, which increases 
vascular permeability and blood pressure.1,12,21 
CGRP also interacts with other inflammatory 
cells, such as macrophages and lymphocytes, 
altering their functions and inducing these cells to 
release inflammatory mediators such as cytokines, 
prostaglandins, and thromboxanes, exerting a 
direct effect on pulp tissue.21 

Pulp sensitivity tests 
Medical and dental history, clinical examination, 

specific pulp tests, and a radiographic analysis are 
necessary for diagnosing pulpitis.4 The electric test 
and the cold test are pulp sensitivity tests frequently 
performed clinically due to their simplicity and low 
cost. However, some authors have reported a lack 
of accuracy, reliability, and reproducibility in these 
tests.9,10,14,22,23,24,25 Pulp sensitivity tests are based on 
a subjective response from the patient triggered 
by an external stimulus (cold, heat, an electrical 
impulse) from the nervous system.22 Therefore, 
these tests only indicate a neural response from the 
pulp.4 Some authors suggest that pulp sensitivity 
tests should only be used to assess viable or necrotic 
pulps because the tests do not quantify pulpal health, 
pulpal inflammation, or the degree of inflammation.4 
However, thermal and electric tests, even with their 
limitations, are useful on diseased pulps because the 
test responses in diseased pulps are different from 
those of healthy pulps.4

Clinical application of the relationship 
between the expression of CGRP and 
the responses of pulp sensitivity tests in 
healthy pulps and irreversible pulps 

The interrelationships between nervous and 
vascular reactions and clinical signs and symptoms 
of pulpitis are complex.5,6,7 In the present study, we 
identified the relationship between the expression 
of CGRP and the responses of pulp sensitivity 
tests in healthy pulps and irreversible pulps. We 
observed that test responses between 4 and ≥12 s 
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were associated with high values of CGRP expression 
on the ST (number of seconds from removing the 
stimulus until the sensation disappeared) of the cold 
test in the irreversible pulpitis group (p = 0.0001). 
In irreversible pulpitis, cold elicits a sharp pain 
(FT) followed by a dull prolonged ache when the 
stimulus is removed (ST).4,26 Cold causes contraction 
of the dentinal fluid within the dentinal tubules. 
This movement results in hydrodynamic forces’ 
acting on the nerve fibers within the pulp-dentin 
complex.26 A-δ fibers mediate sharp pain; C fibers, 
dull pain.3,20,27 Results of the present study could be 
useful in clinical practice. 

In this study, we discovered that the values 4 to 
≥12 s on ST with the cold test were associated with 
high values of CGRP. Therefore, this parameter might 
be used as a reference to complement the in-hospital 
pulpitis diagnosis. The electric test is also a pulp 
sensitivity test; it delivers a current sufficient to 
overcome the resistance of enamel and dentin and to 
stimulate the A-δ fibers. The nonmyelinated C fibers 
do not respond to the conventional electric pulp 
test because significantly more current is needed to 
stimulate the fibers. A positive response to the electric 
pulp test is the result of an ionic shift in dentinal fluid 
within the tubules, causing local depolarization and 
the subsequent generation of action potential from 
the nerves.4,28 

When we compared the groups (healthy pulps 
and pulpitis) using (1) positive response or absence of 
response and (2) the value of the electrical impulse, we 
found statistically significant differences (p = 0.0001), 
obtaining the following results on the group having 
irreversible pulpitis: a) positive responses to the test 
with electrical impulses of 7, 8, 9, and 10 with an 
average of 72.15 ng/mL of CGRP and b) absence of 
a response with an average of 74.10 ng/mL of the 
expression of CGRP. Health professionals could 
relate a positive response with electrical impulses 
from 7–10 with pulpitis because this parameter was 
identified with high values of CGRP expression on 
the pulpitis group. We also identified cases having 
no response to the test (false results) with an average 
of 74.10 ng/mL of CGRP expression. Some authors 
have reported limitations and false results with 
pulp sensitivity tests, citing these possible causes: 

a) tests are subjective and measure only nerve 
responses and not pulp blood flow; b) thermal tests 
require that the dentinal tubules be open to allow 
fluid to flow according to the hydrodynamic theory 
(thus, these tests may not be effective in elderly 
patients, who are more likely to have teeth with 
closed tubules and substantial secondary dentin 
formation); c) electric pulp tests are less reliable in 
immature traumatized teeth having an open apex; 
d) reduced neural components of aged pulps provide 
responses different from those in younger pulps; 
and (5) extensive restorations, pulp recession, and 
excessive calcification create limitations in both 
performing and interpreting pulp test results.4  

In addition to extensive caries, the following 
variables are associated with false-positive and 
false-negative results: periodontal pockets, enamel 
loss, restorations, and multirooted teeth.4,10,24,28,29,30,31,32 
We identified 75% of teeth with caries, 43% of teeth 
with restorations, and 63% of teeth with enamel 
loss in the molars and premolars of the pulpitis 
group. It is possible that some of these previously 
mentioned variables are related to the absence 
of the electric-test response. Several researches 
have reported the expression of CGRP in teeth 
with irreversible pulps.1,3,11,12,21,33 They have also 
reported sensitivity, specificity, accuracy, positive 
predictive value, and negative predictive values of 
pulp sensitivity tests.4,8,9,10,13,14,15,16,22,23,24,25,26,27,28,29,30,31,32 

However, after reading some texts, we were unable 
to find any articles that associated both variables 
with identifying a clinical use. 

Conclusion

The responses of pulp sensitivity tests presented 
a higher average of the expression of CGRP in the 
group having irreversible pulpitis. 
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