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Introduction

Dental caries is one of  the most challenging infectious diseases 
worldwide. Untreated caries can cause irreversible pulpitis, which 
require root canal therapy. Permanent mature teeth with irrevers-
ible pulpitis or carious pulp exposure with/without clinical/ra-
diological findings of  apical periodontitis should be treated by 
root canal therapy.[1] However, root canal treatment has many 
shortcomings: 1- After a root canal procedure is performed on 
the tooth, the tooth will no longer be vital so it will be brittle. A 
root canal treated tooth will be more prone to fractures. 2- The 

procedure is too long and complicated, things that are uncom-
fortable for both the practitioner and the patient. 3- Root canal 
therapy can be considered an expensive treatment option.

According to many authors, an attempt should be made to pro-
vide less costly treatment options that are applicable in the above 
circumstances. Vital pulp therapy (VPT) can be provided as a less 
expensive, simple and effective treatment option. [2]

The aims of  VPT include maintenance of  the vitality of  the den-
tal pulp and stimulation of  the remaining pulp tissue for adequate 
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structural and functional healing. The response of  the pulp to 
such treatment can be summarized as follows; in the tissues ad-
jacent to the exposure site, inflammatory cells, and extravascular 
erythrocytes can be observed. The initial damage results in the 
production of  fibrinogen, formation of  blood clot, and an acute 
inflammation accompanied by the presence of  polymorphonu-
clear leukocytes (PMNs). Then, some particles from the pulp-
covering material also enter the underlying pulp tissue, which 
cause hard tissue formation. [3]

Vital pulp therapy includes indirect pulp capping, direct pulp cap-
ping, partial pulpotomy and full pulpotomy. [4]

There are different capping materials that can be used while per-
forming vital pulp therapy; calcium hydroxide, MTA, Resin Modi-
fied Glass Ionomers, Adhesive Resins, Bioceramics and Calcium 
Enriched Matrix. [5]

In this study, two biomaterials were studied and investigated in 
vital pulpotomy techniques. The materials studied were EndoSe-
quence Root Repair Material (ERRM) and Calcium Enriched Ma-
trix (CEM).[6]

EndoSequence Root Repair Material (ERRM) is one of  the bioce-
ramic materials that have been introduced recently as alternatives 
to MTA. Cytotoxicity of  ERRM was similar to that for MTA ac-
cording to many studies. Currently, there is limited research on 
the Endosequence Root Repair Material (ERRM). It has mainly 
been evaluated for use as a root-end filling material. Its proper-
ties include exceptional stability, high mechanical bond strength, 
high pH, radiopaque, and hydrophilic setting properties, and it is 
a premixed material.[7]

Calcium enriched mixture (CEM) cement was introduced to den-
tistry as an endodontic filling biomaterial. The major components 
of  the cement powder are calcium oxide (CaO), sulfur triox-
ide (SO3), phosphorous pentoxide (P2O5), and silicon dioxide 
(SiO2). The physical properties of  this biomaterial, such as flow, 
film thickness, and primary setting time are favorable, and its clini-
cal applications are similar to those of  MTA. [8]

CEM pulpotomy of  symptomatic permanent teeth was also eval-
uated. In a case series study of  12 permanent mature molars with 
irreversible pulpitis, CEM was used for pulpotomy, and resulted in 
complete success at a 16-month follow-up. It was also shown that 
to enable improved regeneration, the pulp-dentin complex had 
isolated itself  by forming a calcified bridge [9]. In a multicenter 
randomized clinical trial in 23 dental centers linked to five medical 
universities in Iran, pulpotomy treatment of  mature permanent 
molars diagnosed with irreversible pulpitis was performed using 
CEM and MTA. The results of  this trial showed high clinical/
radiographic success rates of  CEM (>92%) during a follow-up 
after one and two years.[10]

Conversely, to the best of  our knowledge, there are no study that 
has been compared both ERRM and CEM in vital pulpotomy of  
permanent mature molars. For that reason, our study was aimed 
to compare between the two materials with a follow up period of  
12 months. 

Material and Methods 

Study design, setting and Sample

The design of  this trial was a clinical study with two interven-
tional arms which was done to study the effectiveness of  CEM 
compared to ERRM in vital pulpotomy in posterior permanent 
teeth with closed apex. The ethical approval was obtained from 
the ethical committee of  Damascus university. 

This study was conducted on a 60 posterior permanent teeth 
with closed apexes that suffer from carious acute pulpitis (carious 
exposure with a pathological history of  spontaneous, persistent 
pain, and does not resolve with the disappearance of  the causa-
tive factor). The sample consisted of  53 male and female patients, 
their ages ranged between (18-40) years, which was selected from 
patients visiting the Department of  Endodontic at the Faculty 
of  Dentistry - Damascus University. This study was done in the 
previously mentioned department.

The patient’s written consent was taken to carry out the treatment 
and included it in the research, after informing him in detail about 
the research, its methods, its aim and the quality of  the applied 
material, that the treatment used. In case of  failure, the teeth will 
be endodontically treated in a traditional way.

Special forms were designed for this study, in which the diagnos-
tic information of  each patient was written down, in addition to 
general information about his health status and oral health, and 
included a table to record the studied cases, the materials used, 
and the developments that occurred in them according to the ob-
servation times.

The sample was randomly divided into two groups:

- The first group: (30) teeth, treated with vital pulpotomy using 
CEM in one session with the final restoration.

The second group: (30) teeth, treated with vital pulpotomy using 
ERRM in one session with the final restoration.

The sample as a whole was monitored at intervals of  one week, 
one month, three months, six months, and 12 months.

Inclusion and Exclusion Criteria

1- The patient were in a healthy physical condition and didn’t suf-
fer from any history of  illness or taking medications that are con-
traindicated for vital pulpotomy. 
2- age group ranging between 18-40 years. 
3- Patients who have exposed pulp as a result of  trauma or frac-
ture were excluded. 
4- An apical x-ray radiograph was performed for all the eligible 
teeth on which the research was conducted before starting the 
treatment to know the general condition of  the treated tooth, es-
pecially the condition of  the periapical tissues and the junction 
area of  the roots. The simple ligamentous expansion in the apical 
region was overlooked when the rest of  the symptoms and signs 
indicated the diagnosis of  the case as acute pulpitis, and the diag-
nosis was confirmed after opening the pulp chamber during vital 
pulpotomy. 
5- To test pulp vitality, palpation and percussion test, ethyl chlo-
rine (Cognoscin-AVEFLOR) test and the electric pulp tester were 
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performed.
6- The integrity of  the periodontal tissues was confirmed by prob-
ing them with the World Health Organization (WHO) probe, and 
the teeth that developed fistula in the oral cavity were excluded.
7- Teeth that were suffering from periodontal inflammation, or 
excessive movement of  the tooth, and teeth with cracks visible to 
the naked eye or with clinically or radiologically obvious fractures 
were excluded.
8- Teeth that show symptoms of  pulp necrosis, or that show in-
ternal or external absorption were excluded, and teeth in which 
bleeding from the exposed pulp did not stop after ten minutes of  
accidental exposure were also excluded. (Song, Kang et al. 2015).

Study protocol

An apical radiograph were taken for each case to know the gen-
eral condition of  the treated tooth, especially the condition of  
the periapical tissues. Patients were asked to use a mouthwash of  
chlorhexidine 2% for 5 minutes, then the eligible tooth was an-
esthetized by infiltration (for the teeth of  the upper jaw) or with 
regional anesthesia (for the teeth of  the lower jaw).

The tooth was isolated using a rubber dam, then the initial prepa-
ration was done using a high-speed handpiece, a sterile diamond 
bur with abundant air-water cooling, then the caries were exca-
vated by a slow rotary handpiece to remove the caries on the walls 
of  the cavity without approaching the pulpal wall.

After pulpal exposure, a sterile bur was used to perform a partial 
pulp amputation and remove the inflamed pulpal tissue with no 
more than 2-3 mm of  the coronary pulp in the place of  exposure, 
then chlorhexidine was used to wash the cavity to reduce bacterial 
virulence, taking into account the following:

1. The exposed pulp shows symptoms of  recent and fresh bleed-
ing.
2. Control of  bleeding within a period of  8-10 minutes which was 
carried out by continuous washing with saline solution and then 
applying a moist cotton ball to the pulp wound site without pres-
sure. If  the bleeding was not controlled, the tooth was excluded 
from the study. If  the exposed coronary pulp tissue didn’t not 
show any signs of  bleeding, the coronary pulp tissue was consid-
ered necrotic and the tooth was also excluded from the sample.

After that, the cavity was washed with 17% EDTA solution for 1 
minute to remove any residual excavated dentin from the prepara-
tion (to prevent the introduction of  dentinal crumbs into the pul-
pal wound area) and to condition the dentinal surface, which will 
improve the adhesion of  the biomaterial used in the coating in ad-
dition to its gram-positive and gram-negative antibacterial action 
and its role in releasing growth factors from the dentinal canal.

The cavity was re-washed with saline, then the amputated pulp 
was covered with one of  the two materials studied in the research 
(CEM, ERRM) according to the instructions of  the manufacturer 
for each material, so that a homogeneous coverage was obtained 
of  the pulp wound with a thickness of  2 mm from the biomaterial 
and without applying pressure.

After Resin modified glass ionomer cement has been applied. 
Then, a final restoration was placed in the same session, then a 
radiograph was taken immediately after the treatment.

Follow-up and Outcome measures

The patient was recalled after 24 hours to ensure the relieving 
of  symptoms and then thery were also recalled according to the 
following time intervals: (a week, a month, 3 months, 6 months, 
a year), and the completed cases were evaluated in the periodic 
review sessions by:

1- Questioning the patients and inquiring about the symptoms 
they felt after treatment.
2- Checking the quality of  the coronary restoration, which was 
repaired, if  necessary.
3- Conducting clinical and radiological examinations to assess the 
condition of  the pulp and periapical tissues, including:

A - Examination of  the soft tissues for the presence of  a bulge, a 
fistula or a gingival pocket.
b- Examination of  the treated tooth to investigate the movement 
of  the tooth or the occurrence of  pain upon palpation or percus-
sion to investigate the presence of  inflammation in the periapical 
tissues.
C- Dental pulp vitality tests were done by external electrical stim-
uli using an electric pulp tester or cold using chloroethyl. The 
presence of  a response upon examination indicates the presence 
of  vitality in the pulp tissue in the coronary region, but it does 

Figure 1. Shows the tooth after preparation and removal of  the missing part.

Figure 2. Shows the pulp tissue after stopping the bleeding.
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not indicate the degree of  inflammation, and the absence of  a 
response indicates the presence of  necrosis (local or complete).
D- Radiographic examination: X-ray radiographs were performed 
using the oral sensor according to the observation periods (3 
months, 6 months, 12 months)

- Two blinded specialists in endodontic were also asked to assess 
the status of  the periapical tissues on the x-ray radiographs, that 
were taken at intervals of  3 months, 6 months, 12 months, using 
the Periapical Index Scoring System (PAI) developed by Ørstavik 
[10] as following:

Criteria for success and failure in the clinical radiographical study
Vital pulp therapywas considered successful if  the following  cri-
teria were achieved:
1. Pulp was showing positive response in the vital tests with the 
absence of  symptoms and clinical signs of  pulpal inflammation or 
necrosis (pain, pain on percussion, presence of  fistula, swelling).
2. There were no signs of  pathological injury on the radiograph 
(root resorption, dislocation or new questioned appearance in the 
apex or junction of  the roots)
3. Complete periapical radiographical healing with a score of  1 or 
2 on the PAI scale, or a decrease in radiographic transparency if  
present before the treatment.
Whereas, the vital pulp therapy was consideredas a failure, if  clini-
cal or radiographic symptoms or signs appeared, such as sensitiv-
ity to biting, the presence of  a fistula or soft tissue swelling related 
to the treated tooth, the development of  symptoms of  acute pul-
pitis, or development of  a periapical lesion or in the area of  root 
junction or internal absorption, in addition to signs of  vertical or 
horizontal root fractures.

Results 

A total of  60 permanent molars were enrolled in this study. Each 
molar was assessed by the examiner both clinically and radio-
graphically in five different time intervals. 

The PAI radiological assessment score and clinical status score 
were monitored and the treatment outcome was determined clini-
cally and radiographicallyin terms of  success and failure at five 
different time intervals (after one week, after one month, after 
three months, after six months, after one year) for each case of  
Cases of  treatment in the research sample.

Results of  the radiographical assessment

Periapical Index scoring system was used to evaluate the radio-
logical success rate of  the treated molars. Teeth that has the score 
of  PAI> 2 were considered failed radiologically. 

It is noted that during the time periods studied in the research, 
all cases were successful radiologically regardless of  the material 
used. Therefore, this study showed that there are no statistically 
significant differences in the frequencies of  radiological assess-
ment result between the CEM group and ERRM group, in each 
of  the studied time periods (after one week, after one month, 
after three months, after six months, after one year) separately in 
the research sample. 

In addition, it was concluded that there are no statistically sig-
nificant differences in the frequencies of  radiological treatment 

Table 1. Periapical Index Scoring System (PAI).

Score Criteria
1 Normal periapical structures 
2 Small changes in bone structures
3 Changes in bone structure with some mineral loss
4 Periodontitis with well-defined radiolucent area
5 Severe periodontitis with exacerbating features 

Teeth with a PAI score of  >2 were considered as failure.

Table 2. Frequencies of  clinical success and failure cases in the research sample.

Follow-up 
appointment Study Group Number of  Clini-

cal success cases 
Number of  Clin-
ical failure cases sum

After 1 week
CEM 0 30 30

ERRM 0 30 30

After 1 month
CEM 0 30 30

ERRM 1 29 30

After 3 months
CEM 1 29 30

ERRM 1 28 29

After 6 months
CEM 0 29 29

ERRM 0 28 28

After 1 year
CEM 0 29 29

ERRM 0 28 28
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result between the five studied periods (after one week, after one 
month, after three months, after six months, after one year) in 
both the CEM group and the ERRM material group separately in 
the research sample.

Results of  the clinical assessment

Chi-square test was conducted to study the significance of  the dif-
ferences in the frequencies of  treatment result clinically between 
the CEM group and the ERRM group in the research sample.

It was shown that the value of  the significance level is greater than 
0.05 after one month and after three months. Therefore, at the 
95% confidence level, there are no statistically significant differ-
ences in the frequencies of  the treatment result clinically after one 
month and after three months between the CEM group and the 
ERRM group in the research sample.

McNemar test was conducted to study the significance of  binary 
differences in the frequency of  treatment result clinically among 
the five studied periods (after one week, after one month, after 
three months, after six months, after one year) in the research 
sample.

McNemar test showed that there are no statistically significant 
bilateral differences in the frequencies of  treatment result clini-
cally between the respective periods in the research sample, noting 
that all failures in both subjects were in the first three months of  
treatment.

Discussion

Vital pulpotomy is defined as the surgical removal of  thecoronal 
pulp tissue to preserve the remaining root pulp tissue. [11] The 
inflamed pulp tissue is removed until a healthy pulp tissue level 
is reached. [12]

This study was aimed to compare between two types of  the bio-
materials; CEM and ERRM while performing vital pulpotomy in 
mature permanent teeth. In the present study, we evaluated the 
success rate of  both materials clinically and radiographically. 

This study was carried out on patients whose ages ranged be-
tween 18-40 years, and therefore they are from one age group that 
does not belong to young or old ages, in which the vascularization 
of  the dental pulp, the diameter of  the apex, or the transforma-
tional changes can affect the ability of  the underlying pulp to heal 
positively or negatively. [13]

The good prognosis in vital pulp therapy depends on the removal 
of  all pathological factors. For that reason, it is preferable when 
performing such treatment when the endodontic covering and the 
final restoration can be applied directly to reduce the risk of  sub-
sequent infection and damage of  the dental pulp.[14]

Therefore, our study relied on the completion of  clinical proce-
dure in both groups in one session in order to avoid the occur-
rence of  microleakage that could affect the results of  the study.  
Kim and his colleagues mentioned in 2015 that the covering 
material used in endodontic coverage does not cover the entire 
dentinal canals exposed as a result of  preparing the cavity. The 

dental cavity must be sealed with a material that prevents marginal 
leakage, which is a path for germs towards the dental pulp. [16]

The study also mentioned that temporary fillings of  all kinds are 
not able to prevent marginal leakage completely, and the amount 
of  leakage decreased when the thickness of  the temporary filling 
was about 3 mm, but there is still a passage that allows germs to 
pass through the dental pulp. Therefore, the current study was 
keen to avoid this problem by carrying out coverage procedures 
in one session.[17]

With increasing evidence about the possibility of  preserving the 
vitality of  the pulp tissue, contrary to what was previously be-
lieved, in addition to the great development in the field of  biocer-
amic materials and their wide uses in the field of  dental treatment. 
This experimental study was carried out using the vitalpulpthera-
py (vital pulpotomy) on mature permanent teeth (showing symp-
toms of  irreversible pulpitis) [18,19].

As a result of  the present study, There was no effect of  the mate-
rial used on the success of  the treatment, so vital pulp therapy can 
be considered as a successful treatment procedure in the mature 
permanent teeth that show symptoms of  irreversible pulpitis.

The clinical and radiographical assessment showed high success 
rates, reaching (96.6%) for CEM and (93.3%) for ERRM after one 
year of  treatment.

In addition, no cases that reported clinical failure did show radio-
graphical changes (they were successful radiographically).

The success rate of  vital pulpotomy in this study for each of  the 
two studied materials was close with no statistically significant dif-
ference. This can be because they are biologically active materials 
from hydraulic calcium silicate based cements, and both materials 
have similar biological properties when used in vital pulp therapy. 
In addition,the high biocompatibility of  the materials used, their 
stimulating effect on the cells of  the endoblast, the generation of  
new blood vessels, their bactericidal properties and theirstimula-
tion of  the formation of  a dentinal bridge. [20-22]

The results of  our study was in accordance with Asgary's study 
that has been conducted in 2013 on mature permanent carious 
teeth with symptoms of  irreversible pulpitis. Vital pulpotomy was 
performed using MTA and CEM materials with a sample size of  
413 teeth, for patients aged between 9-65 years. The treatment 
success rate was 92% for CEM and 95% for MTA after one year 
of  follow-up. [23, 24]

Another study published by Asgary in 2015 to evaluate the suc-
cess of  vital pulp therapy in mature permanent teeth using CEM 
with a follow-up period that extended to five years. The study 
included 407 teeth. The sample was randomly divided into two 
groups, the first group included 205 teeth, a vital pulpotomy was 
performed using CEM, the second group included 202 teeth and 
rootcanal treatment was performed. The success of  vital pulp 
therapy using CEM was 78.1%, while the success rate of  conven-
tional endodontic treatment was 75.3%.Therefore, Asgary sug-
gested that vital pulp therapy using CEM can be an acceptable 
alternative to rootcanal treatment in mature permanent teeth with 
symptoms of  irreversible pulpitis.[25]
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In addition, our study agreed with the results of  the systematic 
review conducted by Firas Elmsmari and his colleagues in 2019, in 
which they stated that vital pulpotomy is an appropriate treatment 
option when treating posterior permanent teeth that have been 
exposed to carious exposures and suffer from pulpitis (reversible 
or irreversible).[26]

Conclusion

Vital pulp Therapy using ERRM and CEM showed a high success 
rate after a one-year observation period in permanent teeth suf-
fering from non-response pulpitis, and it can be a staged alterna-
tive to traditional endodontic treatments.
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