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Abstract
Objectives Previous reported results of up to 12 months as
well as 24-month follow-ups revealed superior and equivalent
treatment outcomes for vital pulp therapy (VPT) using
calcium-enriched mixture cement (CEM) in comparison with
root canal therapy (RCT) for mature molars with established
irreversible pulpitis, respectively. Present non-inferiority mul-
ticenter randomized clinical trial assesses the final long-term
(5-year) results as well as the effects of patients’ age/gender
and the presence of preoperative periapical lesion on the
treatment outcomes.
Materials and methods A total number of 407 patients were
blindly allocated into two treatment groups [group 1 (VPT/
CEM, n=205) and group 2 (RCT, n=202)] treated in 23
health-care centers by calibrated dentists. The treatment out-
comes were assessed after 60 months.

Results The 5-year results revealed no significant differences
in the successes of both study arms (P=0.29); a total number
of 271 patients were available (~33 % were lost to follow-up).
The patients’ age/gender did not affect the outcomes; the
presence of preoperative periapical lesion also did not imple-
ment a significant effect in both groups (P>0.05).
Conclusions As an alternative for RCT, VPT/CEM can be
considered as a valid treatment for vital mature permanent
molars clinically diagnosed with irreversible pulpitis.
Clinical relevance Considering the favorable outcomes of 6-
to 60-month follow-ups, as an evidence-based/simple/afford-
able/effective/biologic approach in cases of irreversible
pulpitis, VPT/CEM is highly recommended for universal
clinical practice.
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Introduction

The dental pulp can be exposed by accidental trauma or during
preparation of a tooth for restoration which can be diagnosed
as mechanical or carious exposure [1]. Moreover, each day,
there are innumerable patients seeking for a dental visit to get
rid of toothache steaming from symptomatic vital pulps [2]. In
mature teeth, the treatments for inflamed exposed pulps in-
clude maintaining the tooth via root canal therapy (RCT) or
tooth extraction; when compared to the first option, the later
represents the non-optimal choice [3, 4]. The rationale for the
RCT is based on the following: (i) the unreliability of vital
pulp therapy (VPT) on these teeth, which is currently proved
to be wrong by a high level of evidence (LoE) trials [5, 6], and
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(ii) the high probability for success in cases of optimally
performed RCT on a tooth with vital pulp [7].

When deciding to condemn the vital pulp to extirpation, the
most important issue to consider is the impossibility to deter-
mine the true status of the pulp in terms of whether it is in a
reversible or irreversible state [2]; merely clinical
sign/symptoms such as degree/characteristic of pain do not
precisely reflect pulpal condition [1, 2]. On the other end of
the spectrum, the rather high number of patients diagnosed
with irreversible pulpitis also presents apical periodontitis [8],
and this means that many potentially vital pulps are extirpated
as a result of wrong diagnosis of necrosis due to the presence
of apical lucency. The scenario is that in many developing or
even developed countries, financial considerations or low
dental IQ results in some patients choosing the less appropri-
ate treatment for symptomatic inflamed pulps, which is tooth
extraction [3–6].

Experts are of the opinion that for an informed, meticu-
lously selected patient [1] whowills to avoid RCT [5, 6, 9] and
under such circumstances where the tooth would be extracted
otherwise, VPT should be attempted as the correct/ethical
treatment choice [4, 10], specially in contemporary modern
endodontics where pulp regeneration in necrotic teeth has
become the top goal [11]. Ideally, VPT of adults’ permanent
teeth includes direct/indirect pulp capping and partial/
miniature/coronal pulpotomy using pulp-covering
(bio)materials, which subsequently preserve the coronal pulp
in situ, partially or totally removed to the level of canal
orifice(s), and stimulate the formation of dentinal bridge as a
natural barrier [12–14]. Considering the theory which states
the inflammation of the pulp to be restricted to the irritation
neighboring zones [15], the rationale behind pulpotomy ap-
proach is the removal of the inflamed portion of a pulp.

VPTcan be concluded to have a high success rate provided
that (i) the remaining pulp is either non-inflamed or capable of
healing; (ii) hemorrhage is properly controlled; (iii) a biocom-
patible, bioregenerative capping material is applied; and (iv) a
bacterial tight seal is present [1, 13, 14]. Despite being con-
troversial, there are many reports of successful VPTs in pa-
tients with age ranging from 6 to 70 years [1, 10]; many
clinicians hold the view that VPT for adult patients cannot
be as successful as younger ones.

Calcium-enriched mixture (CEM) cement has been intro-
duced as a hydrophilic tooth-colored biomaterial with favor-
able sealing ability. In terms of cytotoxicity, genotoxicity,
osteogenic, dentinogenic, and cementogenic effects, CEM is
biocompatible like mineral trioxide aggregate (MTA); many
studies have shown the hard tissue (dentine, cementum, and
bone) inductivity of CEM cement [16–18].

Decision making during the management of clinical prob-
lems should be based on the best currently available evidence
[1, 19]. The randomized clinical trials with large sample sizes
and long follow-up periods are graded the highest rank in LoE

pyramid [19]. The successful long-term outcomes of primary
molar pulpotomy using CEM cement have been already de-
scribed [20]. Some randomized clinical trials have compared
the efficacy of CEM cement in VPTof caries-exposed perma-
nent molars, as well [5, 21]. The results revealed that CEM
cement had similar successful outcomes in pulpotomy of
permanent molars compared to MTA. It has also been shown
that pulpotomy of teeth with irreversible pulpitis using CEM
cement had a faster postoperative pain-relieving property
compared to conventional RCT [9]. The present randomized
clinical trial has been conducted for 5 years to compare the
treatment outcomes of pulpotomy of permanent teeth with
sign/symptoms of irreversible pulpitis using CEM cement;
the 1- and 2-year results of the clinical trial revealed high
clinical and radiographic success [6, 22]. This part of the trial
aims to report the 5-year treatment outcomes of VPT/CEM or
RCT for adults’ permanent molars with irreversible pulpitis.
In addition, the influence of patient’s age/gender on long-term
outcomes of VPT as well as effects of the presence of preop-
erative periapical lesion on the treatment outcomes is
assessed.

Materials and methods

This project was evaluated and approved by the Iranian Min-
istry of Health and also the Ethics Committee of Iranian
Center for Dental Research, Shahid Beheshti University of
Medical Sciences, Tehran, Iran, and also registered at
ClinicalTrials.gov (Identifier: NCT00748280). The protocol
of patient retrieval was compatible with the principles of
Declaration of Helsinki. This is the last report of the multi-
center trial, with a randomized, parallel-grouped, and open-
labeled design, representing the 5-year outcomes of treatment;
the previous reports included outcomes of short- (postopera-
tive pain) [9], intermediate- (6 months) [6], and long-term (12
and 24 months) recall [6, 22].

From a pool of patients of both genders referred to 23
health-care centers of five medical universities from four
different states of Iran, the subjects of the study were recruited
from 9–65-year-old patients who had a vital molar tooth
(detected by clinical sign/symptoms) with a history of pain
indicative of irreversible pulpitis (i.e., a spontaneous pain or a
pain exacerbated with hot and cold stimuli that lasted for a few
seconds to several hours which was interpreted as lingering
type compared to the normal teeth and could be reproduced
using cold/heat testing [2]) and those who had opted for
extraction for pain relief and announced to be prepared for
future recalls. Subjects with moderate or severe marginal
periodontitis, a tooth non-restorable with amalgam or a tooth
with internal/external resorption, and root canal calcification
in periapical radiographs and medically compromised patients
with systemic complication that would alter the treatment
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procedure were excluded. In addition, if a tooth was diag-
nosed with a non-common anatomy of root canal system
during root canal therapy, it would be excluded. The volun-
teers had to sign an informed consent, and they were assured
that in case they wished to quit, they would be excluded. Each
patient was assigned with a code. All the demographic data,
patients’ codes, and the treated teeth for each subject were
recorded before treatment.

After 5 years, all the clinical and radiographic evaluations
were done in the same way as described in two previous
reports [6, 22]. In addition, the previous database was also
checked for treatment cases with failure, those failed teeth in
both arms that did not take part in the next evaluations (i.e.,
failed cases at 1-year follow-up who did not take part at 2- and
5-year recall). The 5-year results of each treatment group,
with/without such failures, were assessed using the chi-
square test. The chi-square test was also used for assessing
the effect(s) of gender on treatment outcomes in each of the
study arms.

The influence of patients’ age (three age groups of <20,
20–29, and ≥30 years) as well as the effect of preoperative
periapical involvement (i.e., presence/absence of apical lucen-
cy) on success/failure of the study arms were assessed using
the multiple binary logistic regression model.

The marginal homogeneity test was used to compare the
distribution of treatment responses in each of the study arms at
1- and 5-year follow-ups.

Statistical analysis was set up using SPSS version 16.
Statistical error type I was set at 0.05.

Results

After 5 years, a total number of 271 patients (66.6 %; 137 in
VPT/CEM group and 134 in RCT group) were available for
assessment of treatment outcomes. Using the independent
sample t test, no significant difference in the follow-up dura-
tion was shown between the groups (P=0.27).

When the data of available patients were assessed, the chi-
square test revealed no significant difference in the treatment
outcomes of both groups with the success rates of 78.1 and
75.3 % for the VPT/CEM and RCT groups, respectively (P=
0.61).

When the missing data related to the previous failures (n=
13 in VPT/CEM group and n=20 in RCT group) were eval-
uated, the difference between the study arms was not signif-
icant (P=0.29) with success rate being 71.3 % for VPT/CEM
group and 65.8 % for RCT group.

In terms of the correlation between patients’ age and treat-
ment outcomes in each of the two study arms, the multiple
binary logistic regressionmodel revealed that the outcome and
patients’ age were not significantly related in each of the

defined age groups (P=0.72 and P=0.61 for VPT/CEM and
RCT arms, respectively; Table 1).

For assessing the impact of gender on outcomes of treat-
ment in each of the study arms, the statistical analysis did not
reveal a significant difference (P=0.24 in VPT/CEM and P=
0.73 in RCT; Table 2).

In addition, the marginal homogeneity test did not reveal a
significant difference between the 1- and 5-year results in the
group treated byVPT/CEM (P=0.09), while the difference for
the RCT group was significant (P<0.001) (Table 3).

For the interaction of treatment type and preoperative
periapical involvement of the teeth on treatment success and
failure, the multiple binary logistic regression model revealed
no significant differences (P=0.71) (Table 4).

Discussion

This was a 5-year, multicenter, randomized, non-inferiority
clinical trial employing a large sample size in a wide age
range, compared to the treatment outcomes of VPT/CEM as
a new bioregenerative concept with RCT, in Iran. Immediate,
6-, 12-, and 24-month outcomes were previously reported [6,
9, 22], and this is the final report (60 months) presenting the
last long-term outcomes. The 5-year success rate of VPT/
CEM was comparable to that of RCT; in other words, for
the treatment of irreversible pulpitis, VPT/CEM approach is
not only non-inferior to RCT, but also, it ended up in equiv-
alent results compared to RCT.

The ultimate goal of endodontics is the prevention/
elimination of apical periodontitis (AP) [4, 23]. If we exclude
the cases of AP in teeth with vital inflamed pulps [8], the term
AP, will be used to describe the rest of the cases of lesions due
to endodontic pathogens egressing form the apical foramen of
necrotic teeth [4, 24]. Therefore, by maintaining the vital pulp
(i.e., health), those cases of AP (i.e., disease) that occur due to
necrosis can be prevented, and in fact, this is the best

Table 1 Number (%) of the treatment outcomes in different age groups
of each study arm

Group Outcome P value

Success Failure

VPT/CEM

<20 24 (75) 8 (25) 0.72
21–29 48 (81.4) 11 (18.6)

≥30 35 (76.1) 11 (23.9)

RCT

<20 17 (68) 8 (32) 0.61
21–29 53 (77.9) 15 (22.1)

≥30 31 (75.6) 10 (24.4)
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endodontics (i.e., providing health care) possible [4]. The
results of the current study revealed that preoperative
periapical involvement around the target teeth did not affect
the outcomes of VPT, as many of the samples in the VPT/
CEM group did show a preoperative periapical involvement,
and the presence of these lesions did not influence the positive
treatment outcomes.

It used to be generally accepted that a history of spontane-
ous or lingering provoked pain is indicative of extensive
irreversible inflammatory changes of the pulp tissue, and a
radical treatment such as RCT has to be performed [2]. From
the traditional point of view, the rational for this choice is that
pulpal inflammation has probably reached a level where its
elimination is not possible without removal of entire pulp
tissue. Vital pulpectomy gained general acceptance following
several studies published in the period from 1940s to 1970s
[4], stating the unreliability of VPT and the high success rate
of performing RCT on vital teeth [1, 25]. However, many
authors have stated that the survival prognosis of endodonti-
cally treated teeth is not as good as teeth with vital pulps,
especially in molars with the hazard ratio of >7:1 [26], which
can be due to the loss of tooth structure as well as defensive
mechanisms provided by the vital pulp such as tooth

sensitivity, proprioception [27, 28], and damping property
[29]. Therefore, professionals hold the view that the vital pulp
should be preserved, as far as possible. One should also
consider that not all RCTs are technically perfect.

The 5-year success rate of root canal treatment in this trial
was 75.3 %. Epidemiological studies have reported a high
prevalence of radiographic failures of RCTs [30]. A recent
systematic review has shown that the success rate of endodon-
tic treatment has not improved over the last decades and
among these, the RCTs of molar teeth present the worse
survival rate [31]. This can be attributed tomultiple procedural
mishaps such as perforations, instrument separation, ledge
formation, and canal transportation [31, 32]. On the other
hand, although the success rates of up to 96–98 % have been
reported for treatments done by endodontists [33], it is unde-
niable that most of the dental visits are provided by GPs
worldwide; epidemiologic studies have demonstrated up to
66 % prevalence of AP after endodontic treatment performed
by GPs which can be related to technically defective treat-
ments [33, 34].

The results of a recent systematic review concluded that
“Vital pulp therapy should be considered as an alternative
treatment to pulpectomy in vital permanent teeth with
cariously exposed pulps, and partial/full pulpotomy provide
more predictable outcomes than direct pulp capping” [1]. This
alternative treatment option could avoid the early loss of
molars due to aforementioned iatrogenic reasons during
RCT. In addition, VPT can be easily learned and performed
by GPs, while RCT in molar teeth seems to be much more
complicated and technique sensitive [35]. The results of the
present 5-year outcome assessment revealed that VPT/CEM is
not only statistically non-inferior to one-visit RCT in mature
molars clinically diagnosed with irreversible pulpitis, but also,
it offers the advantage of having simplicity and low
time/financial/patient cost. The last but not least is the

Table 2 Number (%) of the treatment outcomes in each of the study arms
for different genders

Group Outcome P value

Success Failure

VPT/CEM

Female 70 (75.3) 23 (24.7) 0.244
Male 37 (84.1) 7 (15.9)

RCT

Female 64 (74.4) 22 (25.6) 0.731
Male 37 (77.1) 11 (22.9)

Table 3 Distribution pattern [number (%)] of 5-year treatment outcomes
compared to 1-year outcome in the two study arms

One year Arm Five years Total

Success Failure Missing

Success VPT/CEM 96 (46.8) 21 (10.2) 37 (18.0) 154 (75.1)

RCT 78 (38.4) 12 (5.9) 34 (16.7) 124 (61.1)

Healing VPT/CEM 0 (0) 0 (0) 1 (0.5) 1 (0.5)

RCT 9 (4.4) 2 (1.0) 8 (3.9) 19 (9.4)

Failure VPT/CEM 1 (0.5) 4 (2.0) 7 (3.4) 12 (5.9)

RCT 5 (2.5) 15 (7.4) 12 (5.9) 32 (15.8)

Missing VPT/CEM 10 (4.9) 5 (2.4) 23 (11.2) 38 (18.5)

RCT 9 (4.4) 2 (1.0) 8 (3.9) 19 (9.4)

Table 4 The main effect of preoperative periapical involvement (PPI) on
outcomes

Group Outcome Total P value

Success Failure

VPT/CEM

PPI

− 84 (82.4) 18 (17.6) 102 (100) 0.71
+ 23 (65.7) 12 (34.3) 35 (100)

Total 107 (78.1) 30 (21.9) 137 (100)

RCT

PPI

− 74 (80.4) 18 (19.6) 92 (100) 0.71
+ 28 (66.7) 14 (33.3) 42 (100)

Total 102 (76.1) 32 (23.9) 134 (100)
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impossibility of conducting pulp tests on pulpotomized teeth
[12, 36, 37], and this fact highlights that some teeth may have
silently become necrotized and emphasize on the importance
of radiographic follow-up. Although it is possible that, in
some teeth, a clinically silent chronic inflammation or a sterile
necrosis occurred, in cases of probable treatment failure in
VPT, there is still a chance of performing RCTwhich is not the
same scenario for pulpectomized teeth, as the failed endodon-
tic treatment can potentially end up in more complicated
strategies such as surgical/nonsurgical retreatment.

While it is easy to write about optimal treatment, many
facts remain that need to be issued: with the contemporary
knowledge, can the histological status of the pulp be judged
by clinical symptoms and condemned for extirpation based on
speculation? For many years, it is being stated that the signs/
symptoms such as degree or characteristic of pain do not
precisely reflect the pulp condition [38]. Considering the
importance of vital pulp [27, 28] and recent efforts in pulp
regeneration in (im)mature pulpless permanent teeth [11],
extirpation of the already existing vital pulp merely based on
clinical evaluation does not seem to have a place in modern
endodontics, anymore.

From patients’ point of view, there is a well-documented
cause and effect association between patients’ socioeconomic
status and their health-care concerns, as even in developed
countries, the socioeconomic status is a strong determinant of
tooth loss [39]. This means that in every community, there is a
social class of population who are less likely to obtain dental
care due to financial issues or loss of education, and when they
seek oral health care, they are more likely to experience tooth
extraction and edentulism [39, 40]. Every day, endodontists
visit many patients with low dental IQ who do not want to or
cannot afford RCT as an expensive treatment on a tooth that
shows diagnostic or clinical signs of irreversible pulpitis, and
thus, they choose extraction [4]. Opting for alternative treat-
ments other than tooth extraction, e.g., VPT seems to be
basically logical. However, VPT in adult permanent teeth
following carious exposure of the pulp is controversial; some
authors state that VPT should be performed only in young
patients because of the high healing capacity of the pulp
compared to old ones [1, 41]. The results of the current study
proved that patient’s age does not affect the success rate of
VPT, neither does the patient’s gender.

To compare the VPT/CEM with RCT, a huge number of
participants were employed in this trail (n=407); however, at
the end of the study, 138 patients were lost to follow-up
(absolute overall loss to follow-up rate=33%). As the difficult
nature of clinical trials and patient attendance, the majority of
investigators have represented the short/intermediate-term end
points. Few 1- and 2-year randomized clinical trials assessed
the treatment outcomes after initial endodontic treatments on
much lower sample size (n≈100) with 12 and 35 % dropout,
respectively [42, 43]. One of the best cohort studies in this

field is the Toronto Study which started with 582 endodonti-
cally treated teeth, and in phase IV, 4–6-year outcomes after
initial endodontic treatment were reported only based on 32%
recall [44]. Another important issue is the comparative loss
rates in the experimental arms; when losses are related to
differences in efficacy of the treatments, bias could arise
[45]; however, our previous report with 18 % dropout at
2 years revealed that the treatment effectiveness of VPT/
CEM was comparable with RCT (2 years). Moreover, in the
present trial, the loss rate in both arms was identical (33 %).

Pulp is able to respond to external noxious agents. In
theory, by doing partial or total pulpotomy, the most superfi-
cial part of the pulp containing inflammatory changes and
even bacterial infiltration is removed, and the surgical wound
would contain sound and reactive connective tissue [41].
Currently, several studies have reported a successful outcome
of vital pulp therapy in vital teeth with cariously exposed
pulps and signs/symptoms of irreversible pulpitis even with
periapical lesions [10, 46, 47]. Taking into account the high
demand for tooth extraction due to excruciating pain stem-
ming from irreversible pulpitis, by those patients who cannot
afford RCTor are not aware of the side effects of elective tooth
extraction, VPT needs to be considered as an edentulism
preventive treatment that meanwhile has pain relief ability
comparable to RCT, as it has been proved in a recent random-
ized controlled clinical trial [9].

Conclusion

Considering the total results of the present non-inferiority
multicenter randomized clinical trials with large sample size
and short- to long-term follow-ups, treatment outcomes of
VPT/CEM in mature permanent molars with established irre-
versible pulpitis is comparable with RCT; this evidence-based,
simple, cost-effective, predictable, and bioregenerative treat-
ment option is recommended as a realistic alternative for tooth
extraction or RCT in general clinical practice worldwide.
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