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Abstract

Objectives Oral healthcare expenses are increasing rapid-
ly as a result of the growth of high-cost health technol-
ogies worldwide. In many developing/developed coun-
tries, low-cost tooth extraction is the alternative treatment
option for a high-cost root canal therapy (RCT) for
management of human molars with irreversible pulpitis.
Vital pulp therapy with calcium-enriched mixture cement
(VPT/CEM) as a new alternative treatment option has
demonstrated excellent treatment outcomes up to 1 year;
if 2-year radiographic/clinical effectiveness as well as
cost-effectiveness of the VPT/CEM is also non-inferior
compared with RCT, it can serve as a viable treatment
for mature molars with irreversible pulpitis.

Materials and methods In this prospective, multicenter (n=
23), non-inferiority clinical trial, 407 patients were random-
ized to either one-visit RCT (n=202) or VPT/CEM (n=205)
for 27 months. In this part of study, the primary outcome
measure was the 2-year clinical and radiographic treatment
outcomes. Cost-effectiveness was also analyzed.

Results Mean follow-up times were 24.62+0.72 and 24.61+
0.69 months in RCT (n=166) and VPT/CEM (n=166) arms,
respectively. Clinical success rates in the two study arms were
equal (98.19 %); however, radiographic success rates were
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79.5 and 86.7 % in RCT and VPT/CEM arms, respectively,
with no statistical difference (P=0.053). The treatment time
span mean was approximately three times greater in the RCT
than in the VPT/CEM arm (94.07 vs. 31.09 min; P<0.001).
RCT had a cost of 171.5K per molar tooth compared with
445K for VPT.

Conclusions VPT/CEM reduced time and cost spent. When
considering clinical as well as cost-effectiveness of
VPT/CEM, this treatment option is not only non-inferior
but also superior to RCT in mature permanent molar teeth
with established irreversible pulpitis.

Clinical relevance Vital pulp therapy with CEM is a cost-
effective and reliable biological technique for endodontic
treatment of permanent molar teeth with irreversible pulpitis
and can be recommended for general clinical practice.

Keywords Calcium-enriched mixture - CEM cement -
Cost-effectiveness - Human - Molar - Pulpitis - Pulpotomy -
Randomized clinical trial - Randomized controlled trial -
Treatment outcome - Vital pulp therapy

Introduction

Oral health is an integral part of general health as well as
quality of life. The cause and effect association between
socioeconomic status (SES) and oral/general health status
is well documented. Even in developed countries in the new
millennium, SES is a strong determinant of tooth loss [1, 2].
The rate of dental utilization is lower for lower-SES people;
though they reported a greater number of new dental symp-
toms, they were less likely to obtain dental care. When they
did seek oral healthcare, they were more likely to experience
tooth extraction and edentulism [1, 3]. Tooth loss is the final
common endpoint for most dental diseases and conditions,
the most frequent being irreversible pulpitis [4, 5]. However,
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it can considerably influence chewing ability, quality of life,
and nutrition [1, 6].

It is a universal consensus that if there is no economic
limitation, root canal therapy (RCT) is the treatment of
choice for irreversible pulpitis. However, the survival rate
of endodontically treated teeth in comparison to vital teeth,
specifically molars, is alarmingly low [7]. Realistic outcome
of RCT in the general population from epidemiological
study reported high prevalence of radiographic failures
(61 %) [8]. Case—control studies show that RCT of vital
cases can yield favorable outcomes [9]. However, a recent
systematic review reported that the success rates of RCT had
not improved over the last five decades, again, molars had
the worse survival rates [10]; moreover, satisfactory radio-
graphic criteria for quality of endodontic treatment were
significantly lower for molars than for other teeth [11]. A
further systematic review reported that vital permanent teeth
with cariously exposed pulp/irreversible pulpitis can be
treated successfully with vital pulp therapy (VPT) [12]. It
was shown to be a biologic, conservative, economic, and
simple method, with a more favorable success rate [12, 13].
Currently, the number of people who can afford RCT has
possibly reduced; therefore VPT has a relevant socioeco-
nomic aspect too [14]. This alternative treatment option
could avoid the early loss of molars. In addition, VPT could
be performed by general dentists, while RCT may require an
endodontist in molar teeth [14].

In dentistry, it is universally accepted that vital pulp
tissue should be preserved if possible, with no questions
asked. However, clinicians are reluctant to conduct VPT
once the diagnosis of irreversible pulpitis is reached due to
the inherent meaning of irreversible and are forced to carry
out RCT. This clinical diagnosis is basically carried out on
an experimental basis [4]. No consistent relationship be-
tween clinical symptoms and histopathological status of
the pulp has been established [15]. Sound clear evidence
to demonstrate the cutoff point from reversible to irrevers-
ible pulpitis does not exist. An interesting recent systematic
review reported that “the overall evidence was insufficient
to assess the value of toothache or abnormal reaction to
heat/cold stimulation for determining the pulp condition”
[16]. Besides, there are reports of successful VPT in vital
teeth with signs/symptoms of irreversible pulpitis with
periapical lesions [12, 17], highlighting the high capacity
of dental pulp as a connective tissue to heal. Recently, pulp
capping materials have shifted from being not only biocom-
patible but also bioactive; the focus has been redirected from
repair to regeneration of the remaining pulp tissue [18, 19].

While numerous pulp capping agents have been advocat-
ed, the investigation for a perfect biomaterial has continued.
Ideally, the biomaterial should control infection, adhere to
dentin/restorative material (to provide hermetic seal), be
nontoxic, be radiopaque, be simple to handle clinically,
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maintain pulpal vitality, and finally have a superficial effect
on the pulp, thereby inducing a biologic encapsulation pro-
cess resulting in dentine bridge formation. Bacteria are
significant inhibiting factors for the healing process. Results
from previous pulp capping studies with calcium-enriched
mixture (CEM) cement suggest that stimulation of dentin
bridge formation occurs not only because of its antibacterial
effects [20] via high alkalinity [21] but also owing to release
of Ca®" and OH [22]. In addition, CEM provides an en-
dogenous source of PO* that accelerates hydroxyapatite
formation even in saline solution [23]. Like mineral trioxide
aggregate (MTA), the sealing ability of CEM is superior to
IRM [24]. A recent study revealed that shear bond strength
of CEM to adhesive resin is favorable due to its cohesive
mode of failure [25]. In terms of cytotoxicity and biocom-
patibility, CEM showed similar encouraging results to MTA
[26-28]. CEM cement offers some advantages over MTA
including improved handling, shorter setting time, de-
creased film thickness, and improved flow [21], resulting
in simple clinical handling. In addition, several histological
studies have reported that CEM cement has the ability to
induce formation of a continuous dentin bridge [29-31].
CEM promotes osteogenesis [32], dentinogenesis [33],
cementogenesis [34, 35], and maturogenesis [36, 37] as well
as revascularization of necrotic pulp in immature teeth [38].

We hypothesized that the treatment outcomes of VPT
with CEM cement (VPT/CEM) would be non-inferior to
RCT in mature human molar teeth with established irrevers-
ible pulpitis. The results of pain relief during 7 days as well
as 6- and 12-month follow-ups revealed superior treatment
outcomes for VPT/CEM in comparison to RCT [39, 40].
The aim of this part of the present multicenter, randomized,
non-inferiority clinical trial was to assess the 2-year treat-
ment outcomes of VPT/CEM in comparison with one-visit
RCT. In addition, the radiographic outcomes at 2 years after
treatment were compared with those of the 6-month follow-
up to evaluate the prognostic value of a 6-month control.
This report aims to compare cost-effectiveness of
VPT/CEM and RCT as well.

Materials and methods

The project was evaluated/approved by the Iranian Ministry
of Health and the Ethics Committee of Iran Center for
Dental Research, SBMU, Tehran, Iran. This clinical trial
was conducted in compliance with the ethical principles of
the Helsinki Declaration. This was a 27-month multicenter,
randomized, parallel-grouped, and open-labeled design.
This report is part of a larger ongoing study, which has been
registered at ClinicalTrials.gov (identifier: NCT00748280).
Subjects were recruited according to previously reported
inclusion/exclusion criteria; the sample size determination
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Table 1 Consensus treatment outcome [number (percentage)] in the
two study arms at 2-year follow-up

Group Radiographic outcome Total P value
Healed Failure

RCT* 132 (79.5) 34 (20.5) 166 (100) 0.053

VPT/CEM® 143 (86.1)  23(13.9) 166 (100)

#One-visit root canal therapy

°Vital pulp therapy with calcium-enriched mixture cement

and randomization, general dentists’ attendance, one-visit root
canal therapy technique (reference treatment) as well as vital
pulp therapy with calcium-enriched mixture cement method
(alternative treatment), and outcome measures (clinical assess-
ments and radiographic scoring) were also the same as previ-
ously reported [40]. In this study, we will carry out compara-
tive analysis of the intermediate- (6-month) and long-term
(24-month) follow-up results.

Cost measures As no standardized cost prices were avail-
able for RCT and VPT, national tariffs from the Relative

Fig. 1 Preoperative,
postoperative, and follow-up
radiographs in RCT and VPT/
CEM groups: 4, B healed, with
normal contour and width of
PDL before the treatments and
at follow-up; C, D failed, with
normal PDL before the
treatments and a new periapical
radiolucency at follow-up; E, F
healed, with apical periodontitis
before the treatments and
normal PDL at follow-up; and
G, H failed, with apical
periodontitis before the
treatments and persistent apical
radiolucency at follow-up

VPT/CEM

Preoperative Postoperative Follow-up

Value in Dental Services book were used to estimate all
treatment costs [41]. In cases where two tariffs for three
and four rooted molars existed, the mean was estimated.
Cost prices have been presented in K coefficient; in 2009, K
was equal to 1,600 Iranian rial (IRR) (1 US dollar=9,600
IRR).

We defined the total treatment time to be from adminis-
tration of local anesthesia to the placement of temporary
restoration. The time span was recorded by general dentists
for each patient in the two study arms.

Statistical analysis was performed by a chi-square test.
Statistical error type 1 was considered as 0.05. Statistical
analysis was set up using SPSS version 13.

Results

Seventy-five patients (RCT, n=36; VPT/CEM, n=39) did
not attend 24-month follow-up resulting in 332 (81.57 %)
cases for long-term control; a statistical difference was not
observed between study arms (P=0.75).

RCT

Preoperative Postoperative Follow-up
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Table 2 Distribution of radiographic outcome in relation to periapical involvement [number (percentage)] in the two study arms at 2-year follow-

up
Preoperative status Arm Radiographic outcome Total P value
Success Failure
Periapical involvement RCT* 33 (62.3) 20 (37.7) 53 (100) 0.117
VPT/CEMP 38 (79.2) 10 (20.8) 48 (100)
Normal PDL°® RCT 99 (87.6) 14 (12.4) 113 (100) 0.915
VPT/CEM 105 (89.0) 13 (11.0) 118 (100)

# One-visit root canal therapy
®Vital pulp therapy with CEM cement

¢ Periodontal ligament

Mean follow-up times at 2 years were 24.61+£0.69 and
24.62+0.72 months in RCT and VPT/CEM arms, respec-
tively; a statistical difference was not observed.

Treatment time spans were 94.07 min [coefficient of
variation (CV)=29.01 %] and 31.09 min (CV=29.38 %)
in the RCT and VPT/CEM, respectively (P<0.001).

The results of radiographic evaluation by the four exam-
iners illustrated that overall consensus treatment outcome of
radiographic evaluation between the study arms at 2 years
did not show statistically significant difference (Table 1,
Fig. 1). Clinical success rates in the two study arms at 2-
year follow-up were the same (98.19 %); outcomes in cases
with preoperative periapical involvement were similar in the
two study arms (P=0.117) (Table 2).

Table 3 demonstrates no statistical difference between the
alterations in distribution pattern of treatment outcomes relat-
ed to the study arms within the time between the two follow-
ups.

Cost-effectiveness The costs of RCT were 148K and 195K
(K=1,600 IRR and 0.166 USD) for three and four canalled
teeth, respectively (mean=171.5K). The cost of VPT was
44.5K. Other costs categories were equivalent: postopera-
tive radiology (7.4K) and coronal restorations costs (one-
surface restorations=43K, multi-surface restorations=65K).
The cost of nonsurgical endodontic retreatment for failure

cases of RCT was 280K, while the average cost of endodon-
tic treatment for failure cases of VPT/CEM was 171.5K.

Discussion

When severe pain is experienced in vital teeth or when mild to
moderate pain is present with a prior history of pain, irrevers-
ible pulpitis is diagnosed. Management involves either RCT
or extraction [5]. Historically, there were no other permanent
treatment options. We hypothesized that treatment outcomes
of VPT/CEM are non-inferior to RCT. Two-year results of the
trial revealed that the treatment outcomes of VPT/CEM were
statistically non-inferior to one-visit RCT, confirming our
hypothesis as well as previous results [39, 40].

High-cost RCT replaces the vital tissues with endodontic
materials instead of living pulp tissue. Survival rates of such
a tooth are not comparable with teeth with vital pulps,
especially when it involves molars [7]; endodontically treat-
ed teeth cannot continue their function without loss of
proprioceptive function, tooth sensitivity, and damping
properties [12]. A multitude of procedural accident, i.e.,
furcal/root perforation, instrument separation, alveolar nerve
paraesthesia, and irrigation complications, canal transporta-
tion, and ledge formation as iatrogenic errors were more

Table 3 Distribution pattern

[number (percentage)] of 2-year 6 Months Arm 2 Years P value
treatment outcomes compared to
6-month in the two study arms Success Failure Missing® Total
Success VPT/CEM® 120 (80.5) 6 (4.0) 23 (15.4) 149 (100) 0.142
RCT® 90 (89.1) 1(1.0) 10 (9.9) 101 (100)
Healing VPT/CEM 7 (50.0) 5(35.7) 2(14.3) 14 (100) 0.817
pac o did b RCT 23 (56.1) 11 (26.8) 7(17.1) 41 (100)
e Who AEnOtavalibie  paiure VPT/CEM 2(13.3) 10 (66.7) 3 (20.0) 15 (100) 0.551
o P _ _ RCT 10 (24.4) 21 (51.2) 10 (24.4) 41 (100)
u\r/n‘fzinfi’c‘ﬂg dtr}:lei;atlt)li,e vcvge;talc" Missing® VPT/CEM 14 (51.9) 2(74) 11 (40.7) 27 (100) 0.889
RCT 9 (47.4) 1(5.3) 9 (47.4) 19 (100)

“One-visit root canal therapy
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often identified in molars, making further treatment more
problematic [42, 43]. Whether to preserve and treat the tooth
or to insert high-cost implant technology becomes a chal-
lenge for the clinician [44]. In terms of aesthetics, RCT can
cause tooth discoloration [45]. Endodontically treated mo-
lars, weakened by intentional enamel/dentine removal, can
be lost at a much quicker rate if they are not supported with
high-cost crowns [46, 47]. On the other hand, preserving the
dental pulp reduces the episode of apical periodontitis [48].
The patient may be more willing to accept VPT with CEM
as compared to tooth extraction or RCT due to the patient’s
refusal/fear. Based on these facts, the ability to preserve
dental pulp vitality via a low-cost VPT/CEM is a highly
favorable treatment option in modern endodontology.

Obtained results showed that VPT/CEM is more time and
cost effective in all situations compared with RCT; more-
over, results showed a trend of higher success rates up to the
2-year recall. Under such conditions, there is no need to
determine a cost-effectiveness ratio because the analysis is
clear: a new biotechnology that costs less and produces
equivalent/better results is desirable [49]. Thus, VPT/CEM
may become a dominant method over RCT with respect to
economic evaluation.

It is recommended that prospective trials reveal the accu-
rate long-term prognosis of endodontically treated molars
[50]; recall time can influence analysis of the outcome. Our
trial was design to predict the treatment outcome of one-visit
RCT as well as VPT/CEM in terms of the best reliable
follow-up interval by using intermediate- (6-month) and
long-term (1-, 2-, and 5-year) follow-ups. Our obtained re-
sults until now demonstrated that radiographic success rates
after VPT/CEM were comparable at intermediate and 2-year
follow-ups. Recently, we have reported that there is no
difference between 6- and 12-month results [40]; therefore,
it appears that 6-month follow-up is a reasonable/sufficient
interval for evaluating the results of VPT. However, the
probability of success increases continuously over time for
RCT, agreeing with other reports [51]. Recent studies dem-
onstrated that the follow-up period of 2 years is adequate
[52]; however, complete healing following RCT might need
an extended period of time [53]; we aim to carry out a 5-year
follow-up.

The high clinical success rate of 98.19 % in this trial is
based on patients reporting very few symptoms.
Nonsurgical root canal treatment outcomes showed that
the long-term tooth survival was 95 % [54], agreeing with
our results. However, endodontic literature reveals that the
majority of prognostic studies examined outcomes based on
the radiographic resolution or the continued existence or
progression of an apical periodontitis according to
Strindberg’s criteria [50]. Since apical periodontitis may be
clinically asymptomatic in many cases, we examined radio-
graphic periapical status. Thus, the outcomes extrapolated

from the radiographic evaluation had lower success rates
(~12—18 % less than clinical success). On the other hand,
current endodontic concepts dictate that the major biologic
factor influencing the treatment outcome is the presence of
preoperative apical periodontitis. In the presence of apical
periodontitis, the lower success is predicted [55]. The over-
all success rate of vital teeth with apical periodontitis in both
study arms was considerably lower compared with teeth
with normal periodontal ligament (PDL) (~17.5 %), i.e., it
was 10 and 25 % lower for VPT/CEM and RCT arms,
respectively. However, VPT/CEM demonstrated better trend
of success in such cases during 2-year follow-ups.

Initially, we employed 412 participants to compare the
RCT with VPT/CEM; we had only 18 % drop out at 2-year
follow-up. Because of the difficult nature of clinical trials
and patient attendance, the majority of researchers have
used short- and intermediate-term follow-ups as the end-
point. In the new millennium, there are numerous short-
term randomized clinical trials that evaluated the clinical
effectiveness of different treatment protocol on post-
endodontic pain [56, 57]. In contrast, there are a few long-
term randomized clinical trials to demonstrate treatment
outcomes after one- and two-visit endodontic treatments
[58, 59]. These trials were carried out on sizeable number
of teeth/patients (n~100) with low and medium rate of drop
out (12 and 35 %), comparable to our dropout rates.

The variation between the treatment outcomes in the two
study arms during the trial interestingly reveals that our
“expected power” at the beginning of the study was similar
to “observed power” at the end of the study.

When RCT is performed by endodontic specialists or
under/postgraduate students under strict operating condi-
tions, i.e., aseptic setting, the success rate is generally high.
However, epidemiologic studies reported that up to 64.5 %
of endodontically treated teeth, mainly by general dentists,
are associated with apical periodontitis [60] in both indus-
trialized and developing nations [8, 61]. An effective
evidence-based procedure is required and should be pursued
to solve this shocking problem and improve the endodontic
treatment outcome worldwide. Our results revealed that
VPT/CEM is highly affordable for most clinicians/patients
as it is clinically simple and quick and has acceptable results
in inexperienced hands. Moreover, VPT failures can be
treated by a general dentist (first time RCT). However,
RCT failures are more difficult to treat and are likely to
require an endodontist.

Conclusion
Two-year treatment outcomes of VPT/CEM are statistical-

ly non-inferior to one-visit RCT in human mature molar
teeth with established irreversible pulpitis. However, in
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terms of cost-effectiveness, VPT/CEM significantly re-
duces expenditure compared with RCT. Outcomes of
VPT/CEM were comparable at 6-month and 1- and 2-
year follow-ups; therefore, it appears that 6-month recall
is a reasonable time. Low-cost VPT/CEM is a predictable
simple bio-regenerative method with an excellent progno-
sis; it can be considered an evidence-based alternative
option to extraction and RCT.
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