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Abstract: Inflammation in primary teeth (PT) is commonly associated with a lower sensibility to
painful stimuli, compared to permanent teeth, and usually leads to late presentation for dental treat-
ment. Data obtained on the molecular assessments of dental pulp and clinical examinations could
guide practitioners to conduct precise diagnoses and correct treatments. The aim of our pilot study
was to assess the levels of several biomarkers (e.g., mineralization, oxidative stress, and inflamma-
tion) in primary teeth. The research included 46 dental pulp specimens collected from the primary
teeth of children and adolescents between the ages of 6 and 12. The experimental groups consisted
of 18 samples collected from primary teeth with acute pulpitis and 15 samples from chronically
inflamed pulp tissues. The control group was represented by 13 specimens acquired from clinically
healthy primary teeth. The enzyme-linked immunosorbent assay (ELISA) technique was used to
determine the protein expression of tumor necrosis factor-a (TNF-a), superoxide dismutase-3
(SOD-3), osteocalcin, and transforming growth factor-f1 (TGF-$1) in the lysates. Our results re-
vealed that all of the studied parameters presented statistically significant (p <0.05) increased levels
in both experimental groups compared to the control samples. Furthermore, osteocalcin presented
statistically significant increased concentrations in chronically- versus acute-inflamed pulp samples
(p < 0.05). The studied molecules may have an influential role in acute and chronic pulp inflamma-
tion in primary teeth.

Keywords: dental caries; acute pulp inflammation; chronic pulp inflammation; primary teeth;
enzyme-linked immunosorbent assay; biomarkers

1. Introduction

Dental caries are produced by cariogenic bacteria, which, in a sugar-rich environ-
ment, release acids that demineralize the hard dental tissues. Carious lesions progress and
cavities can be detected in the structures of the teeth if preventive actions are not em-
ployed in the early phases of demineralization. [1]. Dentinal tubules are penetrated by
bacteria and their metabolites, resulting in an inflammatory process and immunological
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responses in the dental pulp tissue. These types of reactions can stop bacterial infections
in the early stages and promote pulpal healing by formatting a dentine barrier in the af-
fected area. Local accumulation of inflammation mediators, such as cytokines, chemo-
kines, and other molecules, such as growth factors and oxidative stress markers, charac-
terize pulpitis [2].

TNF-a is a proinflammatory cytokine released by immune cells, as a response to an
infection, and can stimulate the formation of acute-phase inflammation proteins or other
proinflammatory cytokines, having, as a result, vasodilatation, increased permeability in
blood vessels, and extravasation of leukocytes in the injured area [3]. Reactive oxygen
intermediates (ROIs) are released during inflammation and are used by immune cells for
antimicrobial actions, but they can also cause damage at cellular and extracellular levels
if accumulated in high concentrations. TNF-a is also capable of stimulating the formation
of ROI from neutrophils [4]. Antioxidant enzymes, such as SOD-3, are part of the local
cellular defense mechanism and neutralize the harmful effects of ROIs by eliminating
them in high amounts [5,6]. Mature odontoblasts take part in the formation of the new
matrix of reactionary dentine, and in the latest differentiation stage, they express osteocal-
cin, a reparative protein generated as a response to injury of pulp tissue [7,8]. Further-
more, TGF-f1 is a capable modulator of tissue repair and may be part of reparative den-
tinogenesis by differentiating pulp cells into odontoblasts [9].

Dental pulp pathology classification may vary according to different authors and
dental schools, and as a result, may lead to confusion. Irreversible pulp inflammation may
be acute or chronic, depending on the clinical and histological findings [10]. Other terms
for “irreversible acute inflammation” may be “irreversible symptomatic pulpitis”, while
“irreversible chronic inflammation” may be found as “irreversible asymptomatic pulpi-
tis”. We chose to study the levels of different biomarkers in the irreversible acute and
chronic pulpal pathology of primary teeth because the reversible stages of pulpal inflam-
mation in primary dentition are short in time and are not usually diagnosed due to the
rapid evolution of the inflammation of irreversible pathology, and due to the late presen-
tation of the patient at the dental clinic. Reversible stages of pulp inflammation are, in
general, symptomless, or they are characterized by less intense and shorter episodes of
pain, which can lead a patient to not seek immediate dental treatment [11].

Clinical and histological traits of irreversible dental pulp inflammation can charac-
terize acute or chronic pulpitis [10]. Concerning the clinical terminology of pulp inflam-
mation, manifestations depend on the duration of the injurious agent and the onset or lack
of dental treatment, which will prevent further extension of the infection and will provide
pulpal healing. Acute irreversible pulpitis is characterized by painful sudden episodes,
which lead the patient to seek emergency dental treatment. The pain often lingers to cold
stimuli and is constant and spontaneous; the patient is usually not able to precisely iden-
tify the painful tooth [12]. In most cases, analgesic medication is not effective. Microscop-
ically acute inflammation is accompanied by increased vascular permeability, exudation
of fluid, serum proteins, inflammatory mediators, and cells, especially polymorphonu-
clear leukocytes (PMN), into the affected area [13,14]. If the injurious agent is removed,
healing of the dental pulp tissue can be achieved. Persistence of the injury may facilitate
chronic dental pulp conditions [14].

Most cases of irreversible chronic pulpitis can be painless or a dull located pain may
be present [10]. With chronic dental pulp inflammation, accumulation of a granuloma-like
tissue and irreversible destruction of the parenchymal tissue, which is covered by a con-
nective and fibrous tissue, takes place [13]. Fibroblasts and vascular endothelium prolif-
eration, as well as an invasion of lymphocytes, plasma cells, macrophages, and inflamma-
tory mediators occur [14]. Additionally, in irreversible chronic pulpitis, an activation of
cell-mediated bacterial lysate, cytokine system, can be observed, together with T and B
cell stimulation [13]. Chronic inflammation of the dental pulp may be preceded by an
acute inflammatory process or it can be primary [14].
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The World Health Organization (WHO) has reported that approximately 530 million
children worldwide present dental caries in their primary dentitions, which, if left un-
treated, may cause pain, discomfort, tooth loss, or even infection [15]. Most oral health
conditions are preventable if discovered and treated in the early stages [15]. A high intake
of sugar from a very young age, absences, inconsistencies in following daily (and correct)
oral hygiene practices, or susceptibility of teeth surfaces associated with longtime expo-
sure, could contribute toward carious developments in primary teeth, which could rap-
idly progress to the dental pulp, leading to inflammation.

The structure of dental pulp in primary and permanent teeth is similar; it includes
cells, fibers, blood vessels, and nerves. Dental pulp in primary teeth has some particular-
ities, such as the regressive potential of all components in time, which contribute to the
decrease of the pulp’s defense mechanisms, and as a result, irreversible pulp response
rapidly occurs [16]. In the dental pulp of primary teeth, there are also less nerve fibers,
less myelinated axons, and less mechanoreception complexes. Moreover, the develop-
ment of subodontoblastic plexuses is incomplete, and they release short bundles in den-
tine and pre-dentine. With a moderate injury, the dental pulp of primary teeth can easily
form tertiary dentine. The density of the dental nerve fibers is lower in primary versus
permanent teeth; consequently, the two dentitions have different pain thresholds [16].
These peculiarities justify the lower pain sensibility of the deciduous teeth compared to
the permanent teeth, and may partially explain the advanced progressive stage of the pulp
tissue pathology, as well as the delayed presentation for treatment [16].

Numerous biomarkers have been evaluated in human inflamed dental pulp samples
from permanent teeth, but to the best of our knowledge, only one study focused on pri-
mary dentition [17]. Additionally, not many studies include irreversible acute and chron-
ically-inflamed pulp samples as experimental groups. In this context, we aimed to analyze
several biomarkers in samples collected from the primary teeth of children with acute and
chronically inflamed pulp versus clinically healthy pulp tissues; we expect that the results
of this research will be helpful in the future, in making accurate diagnoses and treatments
in pulpal pathology. We tested the hypothesis that various biochemical markers have dif-
ferent concentrations in healthy, acute inflamed, and chronically inflamed dental pulp tis-
sues, collected from primary teeth.

2. Materials and Methods
2.1. Subjects

The present research included 46 participants, from 6 to 12 years of age, who sought
dental treatment at the Pedodontics Department of the Carol Davila University of Medi-
cine and Pharmacy in Bucharest, Romania. Informed consent was obtained from the legal
guardians of all underaged patients. The study was approved by the Ethics Committee of
the Carol Davila University of Medicine and Pharmacy (document no. 5751/05.03.2021).
Our research included only healthy, medical condition-free, cooperative subjects.

2.2. Criteria for Diagnosis

Dental pulp from a single primary tooth of each patient was collected for the study
(n = 46). Dental pulp samples were divided into three groups, according to the proveni-
ence: (a) primary teeth with clinical diagnoses of acute pulpitis (n = 18); (b) primary teeth
with clinical diagnoses of chronic closed pulpitis (1 = 15); and (c) clinically healthy primary
teeth (n = 13). Experimental groups were represented by acute and chronically inflamed
dental pulp samples while the control group consisted of clinically normal/healthy dental
pulp tissue. All primary teeth included did not present pathologic root resorption of more
than 2/3 of the root length. Acute inflamed pulp specimens were collected from primary
teeth that presented deep cavities with/without fillings, having antecedents of spontane-
ous, diffuse, and lingering pain resilient to analgesics. Additionally, samples of dental
pulp with chronic inflammation were obtained from teeth that presented deep cavities
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with/without fillings, having a closed pulp chamber, and with antecedents of dull pain or
more episodes of dental pain, which could be precisely located. Percussion in the clinically
acute inflamed teeth revealed a positive response, whereas the response for the chroni-
cally inflamed teeth was negative. Clinically acute inflamed teeth presented hyperexcita-
bility at thermal (cold) stimulation. Chronically inflamed teeth presented hypoexcitability
when tested with a cold stimulant. The control group was represented by clinically
healthy dental pulp tissues, without a history of pain or presence of dental caries/frac-
tures. Radiographic examinations were also performed to exclude the existence of root
canal treatments, periapical pathosis, or other types of pathologies, which may interfere
with the actual clinical diagnosis.

2.3. Procedures for Samples Collection

The samples were collected and prepared according to protocols previously pub-
lished by Gusman et al. [18]. Aseptic conditions were applied for the dental pulp collec-
tion: professional cleaning of the teeth and cleaning of the tooth surfaces were performed
with 70% alcohol. Infiltration anesthesia was administered for all teeth, while a “rubber
dam” was placed for the teeth with acute and chronic pulp inflammation, avoiding blood
and bacterial contamination. Pulpectomy was performed; after careful removal of the car-
ious lesion and of the roof of the pulp chamber, pulp tissue with inflammation (acute and
chronic) specimens were collected with sterile barbed broaches (VDW GmbH, Munich,
Germany). A sterile saline solution at room temperature with minimal pressure was used
to irrigate the root canals during the collection of the pulp tissues. The healthy dental pulp
specimens were obtained after the extraction of deciduous teeth with prolonged retention
on the dental arch. Subsequent to extraction, the teeth were split longitudinally with an
elevator. Sterile spoon excavators (LM Dental, Planmeca Group, Parainen, Finland) were
used to collect dental pulp tissues in a single piece, which were afterwards employed in
Eppendorf tubes, together with 5 mL of saline solution, and stored at =70 °C until further
analysis.

2.4. Pulp Lysates Preparation and Determination Using Enzyme-Linked Immunosorbent Assay
(ELISA) Analysis

Dental pulp tissues were defrosted for 30 min. To prepare the phosphate-buffered
saline (PBS) solution with pH 7.0, we dissolved 1 PBS tablet (Invitrogen/GIBCO, Waltham,
MA, USA) in 50 mL of distilled water. Subsequently, we added 1 mL of PBS solution to
each sample, and then crushed the pulp tissue with a glass rod. Afterwards, the samples
were sonicated for 3 min and centrifuged for 10 min at 4000 rpm. Supernatants were gath-
ered for ELISA determination. To prevent protein denaturation throughout preparation,
all pulp samples were kept on ice.

Using a semiautomatic ELISA analyzer (STAT FAX 303-PLUS from Awareness Tech-
nologies, Palm City, FL, USA) and commercial systems of ELISA kits (Elabscience, Hou-
ston, TX, USA), our research group determined TNF-a, SOD-3, osteocalcin, and TGF-f1
levels in all the collected samples. The analysis was performed in duplicate, employing
the sandwich ELISA technique, as recommended by the manufacturer of the kit, following
the protocol of Subaric et al. [2].

2.5. Data Analysis

All of the data from the study were analyzed using IBM SPSS Statistics 25. Quantita-
tive variables were tested for normal distribution using the Shapiro-Wilk test and were
written as averages with standard deviations or medians with interquartile ranges. Quan-
titative independent variables were tested using Kruskal-Wallis H tests/Welch ANOVA
tests, according to their distributions and their inequality of variances. Post-hoc analyses
were made using Dunn-Bonferroni tests or Games—-Howell tests. Statistically significant
(SS) differences were established at p values less than 0.05 (p <0.05).
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3. Results

The mean age of the participants in the study was 8.58 + 1.39 years old. The control
group had a mean age + SD of 8.35 + 1.46 years old; for the acute pulpitis group, it was 8.8
+1.06 years old; for the chronic pulpitis group, it was 8.52 +1.68 years old. ELISA analysis
was performed to establish the presence of the following biomarkers: TNF-«, SOD-3, os-
teocalcin, and TGF-f1. Table 1 and Figures 1-4 show the protein expressions of bi-
omarkers in the control and experimental groups. Comparisons between groups were
made according to the results of the Shapiro-Wilk tests, showing a non-parametric distri-
bution for TNF-a and a normal distribution for the rest of the variables (in which case,
Levene’s test showed an inequality of variances between groups). Differences for all bi-
omarkers were statistically significant between groups (p < 0.05). Post-hoc tests showed
that all biomarkers were significantly lower in the control group in comparison to the
acute/chronic pulpitis groups, while differences between the acute and chronic pulpitis
groups were not significant (p > 0.05), except for the protein levels of osteocalcin, which
were significantly higher in chronic pulpitis compared to acute pulpitis (p = 0.002) (Table
2).

Table 1. Protein expression of biomarkers in the control and experimental groups.

. Clinically Healthy Acute Inflamed Chronically Inflamed
Biomarker p Value
Pulp Samples Pulp Samples Pulp Samples
TNF-a
(pg/mg prot.) 5.6 (3.55-9) 55 (52-61) 49 (41-59) <0.001 *
(median (IQR))
SOD-3
(ng/mg prot.) 1.56 +0.44 27.45+8.31 26.78 +7.16 <0.001 **
(mean + SD)
Osteocalcin
(ng/mg prot.) 251+1 587+3 11.23 +3.13 <0.001 **
(mean + SD)
TGF-p1
(pg/mg prot.) 1324 +1.48 18.07 £ 4.5 31.06+15.3 <0.001 **

(mean + SD)

(prot=proteins, IQR= Interquartile range) * Kruskal-Wallis H test, ** Welch ANOVA test.

Table 2. Post-hoc analysis of protein expression of biomarkers in the control and experimental
groups.

Comparison/Variable Healthy vs. Acute Healthy vs. Chronic Acute vs. Chronic
TNF-a * <0.001 0.001 1.000
SOD-3 ** <0.001 <0.001 1.000

Osteocalcin ** 0.006 <0.001 0.002
TGF-p1 ** 0.001 0.014 0.082

* Dunn—Bonferroni post-hoc test, ** Games-Howell post-hoc test.
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Figure 1. TNF-a protein levels (pg/mg) in the control group versus acute/chronic pulpitis. (*Indi-
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Figure 2. SOD-3 protein levels (ng/mg) in the control group versus acute/chronic pulpitis. (*Indi-
cates statistically significant differences).
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Figure 3. Osteocalcin protein levels (ng/mg) in the control group versus acute/chronic pulpitis.
(*Indicates statistically significant differences). The circles in the graphic are an indication that an
outlier is present.)
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Figure 4. TGF-f1 protein levels (ng/mg) in the control group versus acute/chronic pulpitis. (*Indi-
cates statistically significant differences). (The circle in the graphic is an indication that an outlier
is present.)

4. Discussion

The present study showed that biochemical markers, such as TNF-a, SOD-3, oste-
ocalcin, and TGF-f1, have statistically significant higher levels in acute and chronically
inflamed versus healthy pulp samples obtained from primary teeth. Moreover, osteocal-
cin presented statistically significant elevated levels in the chronically inflamed pulp ver-
sus acute inflamed pulp tissues (Tables 1 and 2, Figures 1-4). All biomarkers were de-
tected in the three groups of vital dental pulp specimens. The study hypothesis was con-
firmed as the levels of the biomarkers differed in all three groups of pulp samples. The
studied biomarkers have strong interconnections in the inflammation processes of the
dental pulp characterized by molecular and cellular mechanisms.

The results of the present research are analogous to the ones of our previous study,
in which we evaluated the levels of TNF-a, SOD-3, osteocalcin, and TGF-f1 in sympto-
matic irreversibly inflamed pulp samples obtained from the permanent teeth of children
and adolescents. In both studies, symptomatic irreversibly (acute) inflamed pulp tissues
revealed significant elevated levels of the studied biomarkers compared to the control
group. These results may indicate the existence of similar mechanisms of inflammation,
oxidative stress, and mineralization in the primary and permanent teeth of children and
adolescents, although, from a clinical and histological perspective, particularities exist (see
introduction).

Regarding the levels of the studied biomarkers—in chronically inflamed versus
healthy pulp samples obtained from primary teeth, all of them expressed statistically sig-
nificant higher levels in the experimental compared to the control group. Statistically sig-
nificant elevated levels of other biological markers, e.g., IL-4 and IgE, were also found in
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chronically inflamed pulp samples, such as in the study by Sattari et al. [19], in which the
experimental group precisely consisted of chronic hyperplastic pulpitis from the perma-
nent teeth of young patients. Subaric et al. [2] determined the protein expression of IL-1f3
in chronic open pulpitis, chronic closed pulpitis, and healthy pulp samples, using ELISA,
without data about the provenience of the pulp tissues. IL-1f3 levels were found to be sta-
tistically significantly higher in the group with chronic closed pulpitis compared to the
chronic open pulpitis (p <0.01), as well as in the group with chronic closed pulpitis versus
the controls (p < 0.01). They did not report any statistically significant differences between
chronic open pulpitis and the control group (p = 0.081). The differences in the overall con-
centration of IL-1f in chronically inflamed versus healthy pulp tissues was not statistically
significant (p = 0.590). The results of a study conducted by Evrosimovska et al. [20], using
the ELISA method, revealed that MMP-1, MMP-8, and MMP-13 had statistically signifi-
cant (p <0.01) increased levels in dental pulp with chronic inflammation versus the control
group.

Osteocalcin presented statistically significant augmented concentrations in the
chronically inflamed pulp sample group compared to acute inflamed pulp tissues (p =
0.002). In chronic inflammation, granulation tissue replaces the normal architecture of the
dental pulp and proliferation of small vessels may take place [21]. Histologically, chroni-
cally inflamed dental pulp is characterized by a chronic inflammatory infiltrate consisting
of lymphocytes, histiocytes, and plasmocytes, newly formed vessels (through angiogene-
sis), fibroblasts proliferation, and collagen, which results in a fibrous tissue. Osteocalcin
was associated with the presence of markers of angiogenesis, and it was also localized in
areas of fibrosis [8], which may explain the elevated levels in chronically inflamed pulp
samples in our study. On the other hand, Abd-Elmeguid et al. [8] reported that osteocalcin
may have an important role in chronic pulpitis without irreversible changes. More studies
are needed to elucidate the actual mechanisms of osteocalcin and other biomarkers in
chronic pulpal inflammation.

TNF-a is produced by macrophages, as a response to dental infections, and may stim-
ulate neutrophils to form high concentrations of ROI [6]. The present results are partially
in agreement with the results by Pezelj-Ribaric et al. [22], who, by using the same method
of testing, found statistically significant elevated levels of TNF-a in irreversible asympto-
matic and symptomatic pulpitis samples (p = 0.000), but they also reported SS differences
between the samples of irreversible symptomatic and asymptomatic pulp samples (p =
0.000), without mentioning the origin of pulp tissue (primary/permanent teeth). Other
studies with similar results, but realized on pulp samples from permanent teeth, include
those by Abd-Elmeguid et al. [8], with statistically significant higher levels (p < 0.01) in
irreversibly inflamed pulp tissues, which were clinically sensitive to hot stimuli with
spontaneous lingering pain; ElSalhy et al. [23], with higher concentrations in irreversibly
inflamed symptomatic pulpitis samples compared to the control group (p < 0.05); Kokkas
et al. [24], with statistically significant elevated levels (p = 0.015) in irreversible pulpitis
samples extracted from teeth with prolonged or spontaneous pain versus the control
group; and Keller et al. [25], with statistically significant elevated levels in pulp samples
obtained from teeth with acute pulp inflammation (p = 0.05). Even though ElSalhy et al.
[23] utilized pulpal blood for protein determination, Keller et al. [25] and Kokkas et al.
[24] investigated TNF-a gene expression using RT-PCR; the inflamed pulp samples ex-
pressed increased levels of TNF-a versus normal pulp tissues. We found a single paper
[26], without mentioning if samples were collected from primary/permanent teeth, where
the authors reported the study groups as “normal pulp tissue”, “acute pulpitis”, and
“chronic pulpitis”, with SS differences between normal and acute and chronic pulpitis
specimens (p < 0.01). The results were comparable to the ones in our research; however,
statistically significant differences between the acute and chronic pulpitis group (p < 0.05)
were also reported, in contrast with our results.

In our study, statistically significant elevated levels of SOD-3 (p < 0.001) were ob-
served in both acute and chronically inflamed pulp samples, compared to healthy pulp
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specimens. ROIs are produced in physiological and pathological conditions, but their con-
centrations differ in each situation. In healthy tissues, ROIs are produced in small quanti-
ties, but elevated levels of ROI, produced by macrophages, may cause excessive tissue
damage and lipid peroxidation, protein oxidation, and nucleic acid damage [27]. Gene
expression determination of Cu, Zn-SOD, and Mn-SOD isoenzymes in irreversibly symp-
tomatic and inflamed pulp samples from permanent teeth revealed statistically significant
elevated levels in the cases of irreversible pulpitis [28]. Although Davis et al. [29] do not
mention the type of inflammation of the permanent dental pulp samples used in their
study, our results are similar to the data they presented, regarding statistically significant
elevated levels (p=0.0001) of Cu, Zn-SOD observed in inflamed pulp specimens compared
to the controls. The data obtained in our research are also in accordance with the results
of a study by Ge et al. [30], who highlighted statistically significant elevated levels of SOD
in permanent teeth with irreversible inflammation versus healthy pulp tissues. Tulunoglu
etal. [31] focused on the total activity of SOD in irreversibly inflamed (no mention if symp-
tomatic or asymptomatic) and healthy pulp samples obtained from the permanent teeth
of adolescents, the differences between the two groups not being statistically significant.
A study by Varvara’s et al. [32] presented results that contradicted with the data obtained
by our research team, as their results displayed statistically significant elevated levels (p <
0.00) of Cu, Zn-SOD activity, using spectrophotometric methods, in the control group ver-
sus clinically healthy and symptomatic human dental pulp samples from permanent
teeth. As we mentioned in our previous study, the advanced pulp pathology and progres-
sion of inflammation, which may cause destruction of the enzyme, and the different meth-
ods used to test the presence of the biomarker, may have contributed to these different
results.

Our results are also in accordance with the results of Piattelli et al. [33], who observed
statistically significant augmented levels of TGF-$1 in permanent teeth with irreversible
pulp inflammation, with spontaneous and prolonged episodes of pain versus healthy den-
tal pulp samples. TGF-f1 is a multifunctional cytokine and angiogenic growth factor, and
its effects are dependent upon the types of target cells and local concentrations [34]. It is
also a potent immunosuppressant, and it may have a crucial role in the dentine-pulp com-
plex reparative process as it can trigger matrix secretion and formation of type I collagen
[35]. It is supposed that TGF-$1 is sequestered in the dentine matrix and released during
carious processes and reparation mechanisms, such as reparative dentinogenesis [33,36].
Various studies showed that TGF-f1 can regulate matrix turnover and may stimulate
growth and differentiation of pulp cells when used as pulp capping material [36,37].

A multiplex assay was used by Abd-Elmeguid et al. [8] to analyze osteocalcin levels
in pulp samples with irreversible inflammation versus healthy pulp specimens from per-
manent teeth, revealing statistically significant elevated levels in the inflamed pulp group
(p <0.05), the results being parallel to ours. Mature osteoblasts secrete osteocalcin in their
latest differentiation stage [38,39]. Osteocalcin, a non-collagenous protein, is expressed in
mature odontoblasts that form the new matrix of reactionary dentine, as demonstrated by
Hirata et al. [40]. Osteocalcin levels are increased after bone fractures and may remain
elevated during tissue healing, with an important role in bone reparation [41,42]. Macro-
phages are the dominant inflammatory cells in pulp inflammation and express osteocalcin
in their terminal differentiations to osteoblasts [8].

One of the limitations of our study is represented by the small number of samples.
Unfortunately, the COVID-19 pandemic also attributed to a negative impact in the re-
search field; thus, our access to patients was limited as the academic activity was limited
to online courses for a long period of time and all dental treatments were postponed. The
evaluation of more biochemical markers was also intended, but the delivery of some rea-
gents and kits for analysis was delayed, also because of the pandemic and the restrictions.
Despite that, further studies should be conducted to clarify the role of the studied bi-
omarkers in acute and chronically inflamed pulp tissues, as results among different stud-
ies vary.
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Evaluations into other various biomarkers are also needed in order to help establish
dental pulp condition. Precisely, a potential marker could be the anti-cyclic citrullinated
peptide antibodies (anti-CPP), which was evaluated by Ballini et al. [43] in patients with
periodontal disease, another major oral condition, and in patients with periodontal dis-
ease and rheumatoid arthritis. The results of their study did not show a correlation with
the clinical signs of pathology, but citrullination of proteins by the P. gingivalis (present in
endodontic infections) PAD enzyme could lead to local inflammation in the infected en-
dodontic space [44]. More studies in the field are needed, and an evaluation of anti-CPP
antibodies in dental pulp should be considered as a probable diagnostic marker in the
assessment of the inflammatory condition of the pulp.

A rapid, more intense case of pulp inflammation or long-term pulpitis can lead to
localized odontoblast death. TGF-f released from the dentine matrix after demineraliza-
tion is capable of signaling what may lead to the differentiation of stem cells in odonto-
blast-like cells [45]. Stem cells have different origins and crucial roles in reparative and
regenerative procedures [46,47]. They can be undifferentiated mesenchymal cells from the
pulp core, which are differentiated under the inductive signal of various markers (e.g.,
TGF-B), and due to their plasticity can be divided in specific cell lineages [46,48]. They are
also capable of limitless self-renewal and may have an important role in treating hard
dental tissue defects after an injury, by differentiating in odontoblast-like cells and secret-
ing reparative dentine, which will lead to pulpal healing and reparation [46]. Induced
pluripotent stem cells (iPSCs) are also promising, as they can participate in the regenera-
tion of mineralized tissues [47]. Exogenous stem cells can be placed in the pulp if severe
lesions occur and irreversible damage takes place, aiming for regeneration of pulp tissue
and mineralized matrix formation [47,49].

During the inflammatory process of the dental pulp, molecular modifications pre-
cede macroscopic and microscopic inflammatory alterations; thus, early diagnoses may
be established if biomarker determination could be put into practice. One attempt could
be done by obtaining pulpal tissue through minimal invasive treatments, such as vital
pulpotomy or even partial pulpotomy, if possible, and testing for the presence of bi-
omarkers, the result being corroborated with the patient’s clinical findings. We should
also consider non-invasive methods for the assessment of pulpal conditions, such as den-
tinal fluid collections, which contain serum proteins and immunoglobulins [6,50]. Seeking
dental treatment at an early stage of inflammation and recognizing the pulp condition is
compulsory to apply non-invasive/minimal invasive methods.

Molecular evaluation of biomarkers associated with short-term pain caused by ther-
mal stimulation, which can be precisely localized, can lead to reversible pulp inflamma-
tion diagnosis, which is usually treated by partial or total pulpotomy, aiming for pulpal
healing. A spontaneous, lingering pain to thermal stimuli related to biomarker assessment
is indicative of an acute irreversible inflammation, which is usually followed by complete
pulpectomy. On the other hand, a dull pain with hypoexcitability on cold stimulation and
marker evaluation may establish the diagnosis of chronic inflamed dental pulp, followed
by pulpectomy and root canal treatment. As all dental pulp inflammation types, either
reversible or irreversible (acute or chronic), are associated with higher concentrations of
biomarkers compared to healthy pulp samples, more studies and tools are needed in order
to establish the range of these concentrations for each type of inflammation pathology so
that the findings of the present and future studies can be put in practice. There is also a
need for clinical, feasible methods to assess the protein expressions of these biomolecules
in daily practices, and ELISA may be the most appropriate, accurate, and promising tool
[6].

From the perspective of a clinician who works with children and adolescents, an early
diagnosis of pulp pathology in primary teeth (such as reversible inflammation) is essential
and will lead to a suitable and more conservative treatment, which will promote tissue
healing through dentine deposition by reparative dentinogenesis, and conservation of
pulp vitality. Eliminating the inflamed pulp lesion, while the rest of the pulp is still
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healthy, and placing a biocompatible material (e.g.,, MTA), will facilitate healing and rep-
aration through reparative dentine bridge formation [49]. Subsequently, root resorption
will continue in a physiological way, maintaining the deciduous teeth on the dental arch
until natural exfoliation and replacement with permanent teeth occurs. If a late diagnosis
is made, irreversible inflammation usually occurs, and it is followed by pulpectomy and
root canal treatment. In that case, teeth may become more susceptible to re-infection, frac-
tures, or pathological resorption [49], and they may be followed by early extraction, which
is frequently associated with malocclusion, such as crowding, delay, or earlier eruption of
permanent teeth, chewing, and esthetic problems, and the need for more complex treat-
ments.

5. Conclusions

In primary teeth, acute and chronic inflamed pulp tissues presented significantly el-
evated levels of TNF-a, SOD-3, TGF-f1, and osteocalcin compared to healthy pulp sam-
ples, while osteocalcin may play a crucial role in the chronic pulp inflammation of primary
teeth. This study provides useful information regarding molecular-based methods, such
as ELISA, which, if associated with clinical diagnosis of pulp conditions, may offer new
perspectives in evaluating the severity of pulpal inflammation, and could help in making
the correct dental treatment choice, with a focus on maintaining pulp vitality, avoiding
future local and general unpleasant consequences.
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