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ABSTRACT 
 

 

Endodontic treatment of immature permanent teeth has various problems. Today, the primary goal in the 

treatment of such teeth is to preserve the life of the pulp so that roots can develop entirely and naturally. 

If vital pulp therapy can treat these teeth, the treatment will be simpler and less expensive. Therefore, 

this study compared vital pulp therapy (including calcium-enriched mixture (CEM) cement and MTA 

methods) and root canal therapy (RCT) in symptomatic immature permanent molars. Also, the 

expression of TLR-2 and TLR-4 was evaluated in the gingival tissue of patients for further evaluation. 

In this clinical trial study, 615 patients randomly received three treatments: pulpotomy with CEM (205 

cases), pulpotomy with MTA (207 cases), and root canal therapy (203 cases). The presence of periapical 

lesion was evaluated radiographically at three-time points: start, six months, and 12 months after 

treatment. The expression of TLR-2 and TLR-4 was also evaluated in the gingival tissue of patients by 

the Real-time PCR technique. The one-year follow-up of the periapical index shows that the presence of 

periapical lesion at six-month follow-up in the three groups of MTA, CEM, and RCT equals 14 cases 

(8%), 7 cases (4%), and 40 cases (22%). The one-year follow-up equals 12 cases (7%), 9 cases (5%), 

and 33 cases (18%), respectively. The TLR-2 and TLR-4 gene expression results showed no statistical 

difference between the three groups (CEM, MTA, and RCT). Still, one year after treatment, there was a 

statistically different between vital pulp therapy (CEM and MTA) and root canal therapy (P<0.05). 

Also, the results showed no statistical difference between CEM and MTA treatment in terms of TLR-2 

and TLR-4 gene expression before and one year after treatment. In general, the results showed that 

pulpotomy treatment using two biomaterials, CEM and MTA, is more successful than RCT treatment. 

 

DOI: http://dx.doi.org/10.14715/cmb/2022.68.2.25         Copyright: © 2022 by the C.M.B. Association. All rights reserved. 

Introduction 

Endodontic treatment of immature permanent teeth 

has various problems because of incomplete root 

development and receding canals (1). The larger 

dimensions of the apical canal area compared to the 

middle and the coronal regions make it difficult to 

clear the canal, and the lack of an apical barrier makes 

it impossible to fill the canal. In addition, the thin 

dentin walls of the canal are prone to fracture (2). 

Accordingly, today, the primary goal in treating such 

teeth is to use live pulp treatment methods or 

apexogenesis to preserve the life of the pulp and 

continue the root development wholly and naturally. It 

is said that this method of pulp healing occurs during 

the regeneration process and not the repair process 

(3). The main treatment methods of live pulp are 

direct pulp cap and pulpotomy (incomplete and 

complete). In fact, by removing the infected pulp 

tissue and preserving and separating the healthy pulp 

tissue from the oral environment, the natural 

development of the root is provided (4). 

Live pulp treatment or pulpotomy aims to preserve 

pulp life and stimulate the remaining pulp to repair the 

structural and functional pulp-dentin complex (5). It 

means that the tooth pulp survives and regenerates the 

dentin in the exposure area to cut off the body's 

internal environment from the oral cavity by creating 

a biological barrier and preventing the re-invasion of 

pathogens. In terms of the position of the dental pulp, 

pulps with traumatic, mechanical, and caries exposure 

are candidates for pulpotomy treatment (6). This 

method can also treat permanent teeth with immature 

or mature roots. Regardless of the tooth's root 

maturation stage or the type and extent of pulp 

inflammation, the most critical point in treating live 

pulp is the current life of the pulp tissue and especially 

its proper blood supply. Active dentin production 

requires good tissue blood supply (7). So far, several 

methods have been proposed to treat exposed pulp. 

Still, unfortunately, many of these methods are based 
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on clinical experience and unsubstantiated scientific 

evidence and do not have the necessary validity. 

Fortunately, the issue of live pulp treatment in dental 

science is being seriously studied today, especially as 

to which technique/material leads to better and more 

predictable restoration (8). 

Patients must visit at regular intervals in such 

studies to control treatment outcomes. Some patients 

may not be present at any of the follow-up times. 

Therefore their data will not be available to 

researchers at the relevant follow-up times, which 

have occurred in the National Vital Pulp Therapy 

Project and can be interpreted in terms of results (5). 

The result has no side effects. Research has shown 

that in most longitudinal studies, we encounter 

missing data due to a lack of measurement or 

recording. Even in controlled situations, lost data 

occurs due to study protocols or cases people meet 

(9). 

It is hypothesized that if live pulp therapy can be 

used to treat irreversible pulpitis, more 

straightforward and less costly treatment would be 

provided for patients (10). Therefore, this study 

compared vital pulp therapy (including CEM and 

MTA methods) and root canal therapy in symptomatic 

immature permanent molars. Because the Toll-like 

receptor family (TLRs) is responsible for identifying 

conserved microbial structures such as 

lipopolysaccharide (LPS) in bacteria and actives the 

signaling pathways that ultimately lead to immune 

responses (11), therefore, in this study, the expression 

of TLR-2 and TLR-4 was also evaluated in the 

gingival tissue of patients. 

 

Materials and methods 

Studied Patients 

The present study was a randomized clinical trial in 

which 615 patients with symptomatic immature 

permanent molars who met the inclusion criteria 

randomly received three types of treatment after 

obtaining informed consent from their parents. The 

first group consisted of 205 patients undergoing 

pulpotomy with calcium-enriched mixture (CEM) 

cement. The second group consisted of 207 patients 

undergoing MTA pulpotomy. The third group 

consisted of 203 patients who underwent root canal 

therapy (RCT). For these patients, the indicator of the 

pericardial lesion (with radiographic diagnosis) was 

evaluated three times, including start, six months, and 

one year after treatment. Treatment method and 

gender were considered independent variables.  

 

Biopsy and Real-time PCR Techniques 

Before and one year after treatment, the biopsy site 

was selected, and then local anesthesia (Injection of 

2% lidocaine solution with adrenaline 80,000: 1 and 

inferior alveolar nerve block) was given as far away 

from the area as possible. In the next step, a biopsy 

was taken from the desired areas (2 mm), and after 

removing the biopsies, the rest of the incision was 

completed. Tissue samples were stored in RNA 

solution (Qiagen, Germany) for further stability from 

the moment of separation until RNA extraction. 

According to its instructions, RNAs were then 

extracted from the tissue sample by the RNeasy Mini 

Kit (Qiagen, Germany). Next, for Real-time PCR, the 

cDNA was synthesized using a cDNA kit 

(Fermantase, Germany) and 1µl RNA was used for 

cDNA synthesis. Two types of primers were designed 

for TLR-2 and TLR-4 genes. GAPDH gene was also 

used as a reference (housekeeping) gene. The 

sequence of primers, product size, and thermocycling 

conditions are given in Table 1. 

 

Table 1. The sequence of primers, product size, and thermocycling condition of TLR-2, 

TLR-4, and GADPH genes 

Gene  Primer Sequence (5’-3’) 
Product 

Size 
Thermocycling Condition 

TLR-2 Forward TGTGGATGGTGTGGGTCTTG 940 95°C/2min, 40 cycles of 95°C/30 sec, 

58°C/20 sec, and 70°C/30 sec  Reverse ATATGCAGCCTCCGGATTGT  

TLR-4 Forward ATATTGACAGGAAACCCCATCCA 300 95°C/2min, 40 cycles of 95°C/30 sec, 

58°C/20 sec, and 70°C/30 sec  Reverse AGAGAGATTGAGTAGGGGCATTT  

GAPDH Forward ATCACTGCCACCCAGAAGACTG 215 95°C/2min, 40 cycles of 95°C/30 sec, 

57.5°C/20 sec, and 70°C/30 sec  Reverse AGGTTTTTCTAGACGGCAGGTCAG  
 

Statistical analysis 

The data distribution was determined using SPSS 

software version 23 to compare and evaluate the 

relationship between the groups. Kolmogorov-

Smirnov test was used to examine the data 

distribution. One-way ANOVA, Chi-square test, and 
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Tukey's test was used for normal distribution data. 

Paired Wilcoxon Signed-Rank Test was used to 

compare data with the abnormal distribution. 

Differences between data were considered statistically 

significant when P was less than 0.05. 

 

Results and discussion 

At the beginning of the present study, out of 205 

patients who underwent pulpotomy with CEM, 63 had 

periapical lesions. Out of 207 patients who underwent 

pulpotomy with MTA, 54 had periapical lesions. Out 

of 203 patients who underwent endodontic treatment, 

65 had a periapical lesion. The Chi-square test showed 

no significant difference in the sex distribution of 

treatment groups (P = 0.272). Table 2 shows the 

demographic characteristics of patients in treatment 

groups. Figure 1 shows the radiography of case No. 

250 undergoing MTA pulpotomy. 

The one-year follow-up of the periapical index 

shows that the presence of periapical lesion at six-

month follow-up in the three groups of MTA, CEM, 

and RCT equals 14 cases (8%), 7 cases (4%), and 40 

cases (22%). The one-year follow-up equals 12 cases 

(7%), 9 cases (5%), and 33 cases (18%), respectively 

(Table 3). 

The TLR-2 and TLR-4 gene expression results 

showed no statistical difference between the three 

groups (CEM, MTA, and RCT). Still, one year after 

treatment, there was a statistically different between 

vital pulp therapy (CEM and MTA) and root canal 

therapy (P<0.05). Also, the results showed no 

statistical difference between CEM and MTA 

treatment in terms of TLR-2 and TLR-4 gene 

expression before and one year after treatment (Figure 

2). 

 

Table 2. The demographic characteristics of patients in 

treatment groups 

Variables 
 Treatment Groups P-value 

 RCT CEM MTA  

Age (year)  10.56 11.08 11.17 0.829 

Gender Male 82 (40%) 72 (35.1%) 75 (36.2%) 0.273 

 Female 121 (60%) 133 (64.9%) 132 (64.8%)  

 

 

Figure 1. Radiography of case No. 250 undergoing MTA 

pulpotomy, A: Primary radiography; B: Radiography after 

epoxogenesis; C: Radiography after 6 months; D: 

Radiography after 12 months 

 

Table 3. Periapical lesion status at three times in CEM, 

MTA, and RCT treatment groups in symptomatic immature 

permanent molars 

Treatment 

Group 

Before Treatment Six Months Twelve months 

Have 
Not 
have 

Missing 
Data 

Have 
Not 
have 

Missing 
Data 

Have 
Not 
have 

Missing 
Data 

CEM 63 142 0 14 163 28 12 155 38 

MTA 54 153 0 7 176 26 9 170 28 

RCT 65 138 0 40 142 21 33 141 19 

 

 

 

Figure 2. Comparison of TLR-2 and TLR-4 gene expression between CEM, MTA, and RCT treatment groups before and one 

year after treatment (mean ± SD) 

 

Direct pulp coverage and pulpotomy (incomplete 

and complete) are the two main methods of treating 

live pulp (12). The success of these treatments 

depends on the accurate and correct diagnosis of the 
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pulp condition, establishing a suitable seal, and 

preventing bacterial contamination (13). One of the 

basic requirements for successful treatment is 

reversible pulp inflammation and asymptomatic teeth. 

Even the goal of living pulp treatment is to preserve 

the life and function of the pulp in cases where the 

pulp damage is reversible (14). The main difficulty in 

treating immature permanent teeth is correctly 

determining the extent and stage of pulp health, 

followed by the ability to predict the possibility of its 

recovery (15). It has been said that teeth should not 

have a history of prolonged pain due to thermal 

changes. Pain lasting more than a few seconds after 

applying thermal stimulation may indicate irreversible 

pulpitis. If the pain is severe and spontaneous, the 

diagnosis is almost definitive (2). 

The typical treatment for irreversible inflammation 

of the pulp is root canal therapy (RCT), and this 

treatment is very time-consuming, complex, and 

expensive, especially when the tooth is molar (16). 

Therefore, the complexity of the equipment and the 

high cost of the services may force the patient to 

extract a tooth (17). Oral health indicators show that 

the number of extracted teeth is high in many 

developing and even developed countries. If the new 

pulpotomy treatment, an easy and cheap method, has 

successful and appropriate results, a primary treatment 

need can be met in the country and even in the world 

(18). In the present study, pulpotomy with CEM and 

MTA had significantly fewer periapical lesions than 

the usual treatment method (root canal therapy). At 

the same time, there was no significant difference 

between CEM and MTA. Therefore, further research 

can suggest pulpotomy as the treatment of choice for 

irreversible pulpitis. 

Also, the TLR-2 and TLR-4 gene expression results 

showed no statistical difference between the three 

groups (CEM, MTA, and RCT). But, one year after 

treatment, there was a statistically different between 

vital pulp therapy (CEM and MTA) and root canal 

therapy (P<0.05). Also, the results showed no 

statistical difference between CEM and MTA 

treatment in terms of TLR-2 and TLR-4 gene 

expression before and one year after treatment. TLRs 

are predominantly found in the innate immune system 

(cells involved in the first line of defense), including 

neutrophils and monocytes (macrophages and 

epithelial cells), which play an essential role in 

identifying and killing microorganisms (19). 

Microarray DNA analysis has shown that expression 

levels of TLRs in gingival fibroblasts and periodontal 

ligaments increase in patients with periodontitis 

compared with healthy individuals (20). After 

stimulation of gingival fibroblasts with P. gingivalis 

lipopolysaccharide, the incidence of these factors 

increases. So far, 13 Toll-like receptors have been 

identified in humans (21, 22). Different members of 

the TLR family are responsible for identifying 

different types of PAMPs (Pathogen Associated 

Molecular Patterns) and assigning innate immune 

responses. For example, gram-negative bacteria can 

activate TLR-4 through their lipopolysaccharide, and 

gram-positive bacteria can activate TLR-2 through 

lipoteichoic acid (23). Therefore, considering the role 

of Toll-like receptors in the innate immune system as 

a factor in initiating the production and secretion of 

cytokines (24), the expression of TLR-2 and TLR-4 

genes well indicates the performance of therapeutic 

methods in reducing inflammation and production and 

secretion of cytokines. 
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