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Objective: To compare treatment success and discolouration of the permanent posterior teeth treated with
vital pulp therapy (VPT) using mineral trioxide aggregate (MTA), irrigated with sodium hypochlorite (NaOCl)
or normal saline solution.

Methods: A randomised non-inferiority trial was conducted. One hundred and twenty-five teeth that met
the inclusion criteria were randomised to each irrigant, 65 in the NaOCl and 60 in the NSS groups. ProRoot®
MTA was used as a pulp dressing material in both groups and teeth were followed for 12 months. The pri-
mary outcome was the success of VPT; requiring both clinical and radiographic success to be considered
as success. The hypothesis of the primary outcome of this study was that the absolute difference of VPT
success in the NSS group was not worse than that in the NaOCI group, by a margin of 5%. The hypothesis
of the secondary outcome was that the NSS group would have a lower percentage of discolouration com-
pared to the NaOCl group.

Results: Using a per protocol analysis, the absolute difference of VPT success between the NSS and NaOCI
groups was 2.08% (95% Cl: -1.95, 6.1). Perceptible grey discolourations were 80% and 63% in NaOCl and NSS
groups (difference -17%; 95% Cl: -40.0, 6.2; p=0.15).

Conclusion: For MTA-VPT procedure, irrigation with NSS was not worse than that with NaOCIl. However, NSS
did not lower the percentage of discolouration as discolouration was found in both irrigant groups.
Keywords: Discolouration, mineral trioxide aggregate, saline solution, sodium hypochlorite, vital pulp
therapy

+ For the outcome of vital pulp therapy procedure with ProRoot® MTA, irrigation with nor-
mal saline solution was not worse than that with sodium hypochlorite.

- Discolouration occurred in vital pulp therapy-treated teeth with ProRoot® MTA irrigated
with either normal saline solution or sodium hypochlorite.

+  When esthetic is a concern, the combination of ProRoot® MTA with either normal saline
solution or sodium hypochlorite may be contraindicated.
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INTRODUCTION

By definition of the European Society of Endodontology, vi-
tal pulp therapy (VPT) includes indirect pulp capping (IPC),
direct pulp capping (DPC), partial pulpotomy (PP), and coro-
nal pulpotomy (CP) (1). Emerging evidence has shown prom-
ising results of VPT (2-4). Mineral trioxide aggregate (MTA) is
currently one of the most studied and commonly used pulp
dressing materials for VPT because it results in high success
(2-4). Besides the type of pulp dressing material, irrigation is
also an essential VPT step to eliminate debris, pulp remnants,
and microorganisms, and most importantly, to promote pulp
healing. However, there is a lack of well-designed trials on the
most appropriate irrigant for VPT (5).

Various irrigants used in VPT include sodium hypochlorite (Na-
OCl), normal saline solution (1), chlorhexidine (CHX), ethylene-
diaminetetraacetic acid (EDTA), and even water from dental tri-
ple-syringe (5). However, NaOCl is one of the most commonly
used irrigants and its use along with MTA often results in suc-
cessful outcomes (2, 3, 6). NaOCl has antimicrobial property
and the ability to dissolve organic substances (7), which are
essential properties for root canal treatment (RCT). Converse-
ly, a high concentration of NaOCl is considered cytotoxic and
hazardous to dental pulp stem cells (DPSCs) (8), thus may theo-
retically cause a disturbance in pulp healing and lower the VPT
outcome. Other undesirable properties of NaOCl include its un-
pleasant taste and odour, damage to surrounding tissues, and
alteration of the properties of the remaining tooth structure (9).
Additionally, undesirable tooth discolouration following the
use of MTA and NaOCl has previously been reported (10, 11).

Despite the lack of antibacterial effects (12), NSS also demon-
strated high VPT success when used along with MTA in pre-
vious studies (6, 13). However, NSS is less commonly used for
VPT than NaOCI (5) regardless of its high biocompatibility and
non-cytotoxic properties (8) , while NaOCl usage was proposed
in VPT procedures because of its antimicrobial ability (1, 14).
Experimental studies have examined various calcium silicate
cements (CSCs) with various irrigants and also other factors
with heterogeneity in materials and methods (11, 15-17). Some
studies have shown discolouration of MTA with saline (16, 17).
However, some in vitro studies showed that immersion of MTA
in NSS showed no (11) or lower discolouration (15), compared
to other irrigants, including NaOCI. From the properties of NSS
mentioned above, NSS may serve as the suitable irrigant for VPT.

Previous results from an in vivo study demonstrated that the
histomorphologic response of healthy teeth which had un-
dergone intentional DPC using calcium hydroxide (Ca(OH),)
with NSS as a haemostatic agent was better than the ones
which used NaOCI (18). On the other hand, a clinical trial had
shown comparable cumulative success of PP using MTA, ir-
rigated with either 2.5% NaOCI or NSS, in immature perma-
nent molars (6). Nonetheless, tooth discolouration, follow-
ing the use of ProRoot® MTA (Dentsply, Tulsa, OK, US) with
different irrigants, have never been clinically investigated.
Therefore, this randomised controlled clinical trial aimed to
compare the treatment success and discolouration follow-
ing various VPT procedures using white ProRoot® MTA, irri-
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gated with either 2.5% NaOCI or NSS, in permanent posteri-
or teeth of 6 to 18 years old patients.

MATERIALS AND METHODS

Study Design

This study was designed as a double-blinded, non-inferiority
randomised controlled trial with 1:1 allocation ratio. The patients
and the evaluators for radiographic outcomes were blinded
from the type of irrigant used. However, for practical reasons and
feasibility, evaluators for clinical and discolouration outcomes
were not blinded. The study protocol was designed in accor-
dance with the Declaration of Helsinki and was approved by the
Human Experimentation Committee of the Faculty of Dentistry,
Chiang Mai University, Chiang Mai, Thailand (N0.51/2018) and
registered in the Thai Clinical Trials Registry (TCTR20181121001).
Moreover, the patient’s personal information was kept confi-
dential and unidentifiable throughout the study. The CONSORT
guidelines (19) were followed when reporting this study.

Participants

Participants were recruited from 6- to 18-year-old American
Society of Anesthesiologists Physical Status Classification | or
Il patients attending the Paediatric Dentistry Clinic, Faculty of
Dentistry, Chiang Mai University. The teeth were treated with
VPT between March 2018 and December 2019 and followed
up for 12 months.

Ethics and Consent to Participate

Assent and informed consent forms were signed by both the
patients and their legal guardians after they agreed to partic-
ipate in the study.

Inclusion Criteria

Inclusion criteria were permanent posterior teeth that had:
1) caries depth >3 of dentine thickness on bitewing radio-
graph; 2) no radiolucency at furcation, internal or external
root resorption, calcification or pulp canal obliteration on
periapical radiograph (teeth with minor apical changes such
as widening periodontal ligament space and condensing os-
teitis were included (2, 3); 3) pre-operative clinical diagnosis
of normal pulp, reversible pulpitis, or irreversible pulpitis by
history taking which includes quality, intensity, and duration
of pain and stimuli which caused pain along with recording
of quality and duration of sensitivity or pain from cold test-
ing with Endo-frost (Coltene/Whaledent, Cuyahoga Falls, OH,
US); 4) no clinical signs of necrosis, swelling, pus exudate,
fistula, or abnormal mobility; 5) sufficient tooth structure for
restoration by resin composite (with or without orthodon-
tic band) or stainless steel crown (SSC); 6) absence or pres-
ence of pulp exposure evaluated clinically by the operator
after complete removal of caries; and 7) in cases with pulp
exposure, after removal of infected and inflamed pulp tissue
when indicated, there was a resilient pulp texture and bright
red blood with a continuous flowing from the exposure site,
which can be stopped within 10 minutes (20).

Exclusion Criteria
After following the protocol of this study (described below),
teeth were excluded if they had: 1) dark or pale appearance
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Eligible teeth meeting inclusion criteria

v

Non-selective caries removal

A4

2.5% Sodium hypochlorite

Irrigant allocation

A\ 4

Normal saline solution

v

Vital pulp therapy treatment depended on the presence or absence of pulp exposure,
exposure size and visual appearance of the vital pulp tissue, which must have a resilient
texture, bright red color and no prolonged bleeding from the exposure site

v v

v v

Direct pulp capping

Indirect pulp capping

Partial pulpotomy Coronal pulpotomy

I I

l |

ProRoot® MTA as pulp dressing

v

Vitrebond™ as base material

v

Final restoration: resin composite, resin
composite with orthodontic band,
or stainless steel crown

v

Baseline radiograph

v

Recall at 6 and 12 months after treatment

Figure 1. Flowchart of study intervention

MTA: Mineral trioxide aggregate

of pulp tissue with absence of bleeding suggesting pulp ne-
crosis and 2) profuse, dark or prolonged bleeding that need-
ed >10 minutes for hemostasis.

Randomisation

If the tooth met the inclusion criteria and was included in the
study, it was randomly assigned to 2.5% NaOCI| or NSS group.
The simple randomisation method was performed using the
web-generated sequence table (21) created by a postgraduate
student unrelated to the study. Nonetheless, if the participant
had more than 1 tooth requiring treatment, only the first 2
treated teeth were included. The first tooth (with more severe
diagnosis) was randomised to one irrigant, while the second
tooth would receive treatment with the other irrigant.

Treatment Protocol

Seven unblinded postgraduate students performed treatment
under supervision of three calibrated instructors following
the same strict protocol. Topical anesthesia (One Touch; Hager

Worldwide, Concord, Ontario, Canada) was applied at the in-
jection site before administering 4% articaine with 1:100,000
epinephrine (Septanest SP; Septodont, Saint-Maur-des-Fossés,
France), then rubber dam isolation was placed. Cavity prepara-
tion was done by a high-speed round diamond bur 1-1.5 mm
in diameter, and non-selective caries removal was performed
by using a slow-speed round steel bur 2 mm in diameter and
spoon excavation. The type of irrigant was blinded to the pa-
tient and allocated as mentioned earlier. During treatment, the
surrounding dentine and pulp tissue was irrigated when need-
ed with a total of 10-20 ml of the allocated irrigant. Haemosta-
sis was performed by using moist cotton pellets soaked with
the same irrigant. The bleeding was evaluated every 2 minutes
and the time used to achieve haemostasis was recorded.

The treatment was rendered as shown in Figure 1: a) teeth
with no pulp exposure would be treated with IPC and b) if
pulp exposure occurred, the tooth was categorised into each
treatment group, depending on the exposure size measured
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by preformed wires as shown in Figure 2, visual appearance,
bleeding colour, and haemostasis time. DPC was carried out
in teeth with exposure sizes <2.5 mm and bright red bleeding
that can be stopped within 10 minutes (2, 20). PP was per-
formed when exposures were from 2.5 to 5 mm. or when DPC
could not be performed due to profuse, dark or prolonged
bleeding. Pulp tissue removal was performed 2-3 mm under-
neath the exposure site or until healthy pulp tissue was met,
by using a sterile highspeed round carbide bur 1.5 mm in di-
ameter (3). Lastly, if the exposure size was >5 mm (22, 23) or
profuse, dark or prolonged bleeding or infected pulp tissue
was still present after PP, the tooth was treated by CP (23),
by removing the entire coronal pulpal tissue to the orifices
using a sterile highspeed round carbide bur and spoon ex-
cavator. White ProRoot® MTA was mixed following the manu-
facturer’s instructions and placed as a pulp dressing material
in both groups with a thickness of 1.5-3 mm. A layer of resin
modified glass ionomer (Vitrebond™; 3M™ ESPE™, St Paul,
MN, US) was applied over MTA. Then, restoration of the tooth
was performed in the same visit by either resin composite
(FiltekTM Z350 XT; 3M™ ESPE™) with or without orthodontic
band or SSC (3M™ ESPE™). An immediate post-operative peri-
apical radiograph, using paralleling technique, was obtained
to serve as a baseline. Baseline variables, including sex, age,
tooth type, tooth arch location, diagnosis, periapical status,
hemostasis time (in cases with pulp exposure), type of VPT,
and final restoration, were recorded. Patients were called
back at 6 and 12 months after treatment for clinical, radio-
graphic, and discolouration evaluations.

Evaluation of the Outcomes

In this study, the primary outcome was the success of VPT;
the tooth required both clinical and radiographic success to
be considered as success. The secondary outcome was dis-
colouration; percentages of discolourations between both
groups were compared.

Clinical and discolouration evaluations were conducted by
unblinded postgraduate and undergraduate dental students
under the supervision of the same three instructors who su-
pervised the treatment. Criteria for clinical failure were pres-

Figure 2. (a) Preformed wires in the |ength of 1.0, 2.0, 3.0, 4.0 and 5.0 mm for mea-
suring exposure size after complete caries removal. (b) Tooth with no pulp exposure
after non-selective caries removal. (c) Tooth with exposure site less than 2.5 mm
after comp|ete caries removal. (d) Tooth with exposure site from 2.5-5.0 mm after
non-selective caries removal. () Tooth with exposure site more than 5.0 mm after

non-selective caries removal

y E ’ l-‘\

ence of signs or symptoms of reversible or irreversible pulpitis,
pain on percussion, swelling, pus exudates, fistulae in soft and
periodontal tissues, or abnormal tooth mobility. Apart from
the VPT success and failure, perceptible grey discolouration
was also clinically evaluated. Because SSC and orthodontic
band could mask the discolouration, only teeth restored with
resin composite were included for discolouration evaluation.
Perceptible grey discolouration of the tooth was recorded as
“presence” or “absence” at each follow-up visit.

Radiographic evaluations were performed by two blinded
postgraduate students who did not participate in the study
and were calibrated with a paediatric dentist who has more
than 10 years of VPT experience and was one of the instructors
who supervised the treatment (gold standard). After calibra-
tion of 24 sets of radiographs, the percentage of agreement
between the gold standard and the two examiners were 91.6%
and 100%. Inter-examiner reliability for radiographic evalua-
tion was 91.6%. Re-evaluation was performed 1 month later,
intra-examiner reliabilities for radiographic evaluation were
95.8% and 100%. Radiographs were independently evaluated
by both evaluators. Follow-up radiographs were compared
to the baseline. Criteria for radiographic failure were loss of
lamina dura, discontinued root formation, or more advanced
periapical lesion. If the treated tooth had any clinical or radio-
graphic failure criteria, it was determined as failure.

Statistical Analysis

The hypothesis of this study was that the MTA-VPT success in
teeth irrigated with NSS was not worse than those with NaO-
Cl, by a pre-specified margin of -5% (NSS— NaOClI>-5%). The
pre-specified margin was established according to the study
by Ozgiir et al. (6), which reported 94.4% and 100% cumula-
tive success rates of PP with NaOCl and NSS, respectively. If
the lower margin of the 95% Cl absolute difference of MTA-
VPT success between two groups is >-5%, NSS is considered
non-inferior to NaOCl. However, if the lower margin is less than
-5%, the non-inferiority hypothesis between the VPT success
of both groups could not be proved. Sample size calculation
was done by using an automatic program of binary outcome
for non-inferiority trial (24) with 5% non-inferiority limit, 90%
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Enrollment
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Excluded (n=18)

»{ = Not meeting inclusion criteria (n= 18)
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® Excluded (n=1): prolonged bleeding

Y

Per protocol analysis (n= 48)
Intention-to-treat analysis (n=65)

Follow-Up
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Lost follow-up=6 Lost follow-up=5
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Evaluated=48 Evaluated=40
Prolonged bleeding=1 —— 12 months Dark bleeding=6
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Normal saline solution (n=60)

® Received intervention (n=54)
= Excluded (n=6): dark bleeding

!

Per protocol analysis (n= 40)
Intention-to-treat analysis (n=60)

Figure 3. Flowchart of participants in the study

precision of test and 5% type | error, 40 samples were required
in each group. To compensate for follow-up lost, an approxi-
mately additional 25% of the sample size was added. There-
fore, at least 50 teeth were required in each group.

Data analysis was generated by SPSS 25.0 (SPSS Science, Chi-
cago, IL, US) and STATA 16.0 (Stata Corp, College Station, TX,
US) with the level of significant difference at p<0.05. The base-
line variables in both groups were compared for the different
population analyses, including per protocol analyses and in-
tention-to-treat analyses at 12 months.

The per protocol (complete case) analysis was conducted
to compare VPT success between both irrigants. However,
because of missing data due to lost follow-up cases, the
intention-to-treat (ITT) analyses, including analyses assum-
ing that all lost cases had success or failures, the best-, and
worst-case scenarios were also conducted to simulate the
outcome if all participants were evaluated at the final fol-

low-up time point. The ‘best-case’ scenario is that all partici-
pants with missing outcomes in the NSS group had success,
and all those with missing outcomes in the NaOCl group had
failures; the ‘worst-case’ scenario is the converse. Absolute
difference with 95% confidence interval (Cl) was used for
reporting the percentage differences of VPT outcomes and
discolourations between the NaOCl and NSS groups. Ka-
plan—Meier survival probabilities were also calculated and
compared using the log rank test.

RESULTS

Figure 3 shows the flowchart of participants in the study. A
total of 143 teeth were assessed for eligibility with 125 teeth
meeting the inclusion criteria and were initially included and
randomised to each irrigant, 65 in the NaOCl and 60 in the NSS
groups. Ten patients had two treated teeth, one for each group.
The recall rates, including all cases that were randomised, were
76% (95/125) at the 12-month follow-up. Therefore, the pop-
ulation for a per protocol analysis at 12 months was 88 (48 in
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TABLE 1. Baseline variables of the sodium hypochlorite and normal saline solution groups for the different

Population
Intention-to-treat analysis Per protocol analysis
NaOdCl NSS NaOdi NSS

Number of teeth, n 65 60 48 40
Sex, % (n/N)

Male 40.0 (26/65) 45.0 (27/60) 41.7 (20/48) 45.0 (18/40)

Female 60.0 (39/65) 55.0 (33/60) 58.3 (28/48) 55.0 (22/40)
Age, (years)

Mean+SD 10.4+£2.0 10.2+£1.9 10.6x+2.2 10.3£2.0

Range 6.5-16.3 7.1-14.0 6.5-16.3 7.1-14.0
Tooth type, % (n/N)

Molar 98.5 (64/65) 96.7 (58/60) 97.9 (47/48) 97.5 (39/40)

Premolar 1.5 (1/65) 3.3(2/60) 2.1(1/48) 2.5(1/40)
Tooth arch location, % (n/N)

Maxillary 46.2 (30/65) 43.3 (26/60) 39.6 (19/48) 37.5(15/40)

Mandibular 53.8 (35/65) 56.7 (34/60) 60.4 (29/48) 62.5 (25/40)
Diagnosis, % (n/N)

Normal pulp 12.3 (8/65) 16.7 (10/60) 14.6 (7/48) 15.0 (6/40)

Reversible pulpitis 46.2 (30/65) 45,0 (27/60) 47.9 (23/48) 42.5 (17/40)

Irreversible pulpitis 41.5 (27/65) 38.3(23/60) 37.5(18/48) 42.5(17/40)
Periapical status, % (n/N)

Normal 63.1 (41/65) 73.3 (44/60) 64.6 (31/48) 70.0 (28/40)

Early periapical lesions 36.9 (24/65) 26.7 (16/60) 35.4(17/48) 30.0 (20/40)
Type of VPT, % (n/N)

Indirect pulp capping 26.2 (17/65) 31.7 (19/60) 29.2 (14/48) 32.5(13/40)

Direct pulp capping 20.0 (13/65) 18.3(11/60) 20.8 (10/48) 22.5(9/40)

Partial pulpotomy 29.2 (19/65) 23.3 (14/60) 27.1(13/48) 17.5 (7/40)

Coronal pulpotomy 24.6 (16/65) 26.7 (16/60) 22.9(11/48) 27.5(11/40)
Haemostasis time in cases with pulp exposure, (minutes)

Mean=SD 3.0x2.2 2.7+13 2.7+1.2 2.8+1.5

Range 2-15 2-8 2-6 2-8
Final restoration, % (n/N)

Resin composite

Single surface 23.1 (15/65) 21.7 (13/60) 18.8 (9/48) 20 (8/40)

Multiple surfaces 43.1 (28/65) 36.7 (22/60) 37.5(18/48) 37.5(15/40)

Stainless steel crown 33.8(22/65) 41.7 (25/60) 43.7 (21/48) 42.5(17/40)

NaOClI: Sodium hypochlorite, NSS: Normal saline solution, n: Number of teeth with mentioned variable in each population, N: All included teeth in each population,

SD: Standard deviation, VPT: Vital pulp therapy

the NaOCl, 40 in the NSS groups). The population for an inten-
tion-to-treat analysis was 125 (65 in the NaOCl, 60 in the NSS
groups). Table 1 displays the baseline variables between two
groups for the different population analyses.

Table 2 shows absolute differences of VPT success between
NSS and NaOCl groups at 12 months after treatment. Using a
per protocol analysis, NSS had 2.08% (95% Cl -1.95, 6.1) higher
success than NaOCl| at 12 months. Because the lower margin
of the absolute differences of VPT success were >-5%, NSS ap-
pears to be non-inferior to NaOCl for VPT success. An ITT anal-
ysis was also performed and shown in Table 2. When all lost
cases were assumed to have success, the absolute difference
was -1.5 (-4.45, 1.45), confirming that NSS was not worse than
NaOCl for VPT success. When all lost cases were assumed to
have failures, the difference was inconclusive. For the worst-
case scenario, NSS was worse than NaOCI. On the other hand,
for the best-cases scenario, NSS was superior to NaOCI.

Until the end of this study, there was only one failure in the Na-
OCl group that occurred at 1 month after the tooth was treated
with PP. The patient exhibited painful pulpitis and was referred
for RCT. The failed tooth was initially diagnosed with irreversible
pulpitis with minor periapical changes, widening periodontal
ligament space. The survival probability of teeth irrigated with
NaOCl was 0.98 (95% Cl: 0.88-1.00) and there was no failure in
the NSS group (survival probability=1). There was no significant
difference in the survival probabilities between the studied
groups (log rank test=0.93). Figure 4 demonstrates examples of
radiographic success of teeth after MTA-VPT with both irrigants.

Among the 107 teeth that received VPT, 57 teeth were restored
with resin composite without orthodontic band, overall disc-
olouration was 71.9% (41/57), 80% (24/30) and 63% (17/27) in
the NaOCl and NSS groups. Although NSS displayed less per-
centage of discolouration, the difference between percentages
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TABLE 2. Success of vital pulp therapy using mineral trioxide aggregate, with either sodium hypochlorite or normal saline solution

Analysis Intervention Absolute difference Interpretation
group NSS-NaOCl
(95% ClI)
NaOCl % (n/N) NSS % (n/N)
success success
Per protocol analysis 97.9 (47/48) 100 (40/40) 2.08(-1.95, 6.1) NSS is non-inferior to NaOClI

(complete case)
Intention-to-treat analysis

All lost cases had success 98.5 (64/65) 100 (60/60) -1.5(-4.45, 1.45) NSS is non-inferior to NaOCI
All lost cases had failures 72.3 (47/65) 71.7 (43/60) 0.6 (-15.2,16.3) Inconclusive results
Worst-case scenario 98.5 (64/65) 71.7 (43/60) -26.8 (138.6,-15.0) NSS is worse than NaOCI
Best-case scenario 72.3 (47/65) 100 (60/60) 27.7 (16.8, 38.6) NSS is superior to NaOClI

NSS: Normal saline solution, NaOCl: Sodium hypochlorite, n: Number of teeth with success of vital pulp therapy in each intervention group, N: All included teeth in
each intervention group, Cl: Confidence interval

Figure 4. (3) Permanent right mandibular first molar treated by White ProRoot® MTA coronal pulpotomy using

sodium hypochlorite as irrigant (al) Immediate postoperative, (a2) improvement of periapical status is noticeable
at follow-up. (b) Permanent right mandibular first molar treated by White ProRoot® MTA coronal pulpotomy using
normal saline as irrigant (b]) Immediate postoperative: the cement remnant on distal surface was removed after
radiograph taken, (b2) improvement of periapical status on the mesial and distal roots is noticeable at follow-up

MTA: Mineral trioxide aggregate
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TABLE 3. Perceptible grey discolouration percentage by treatment procedures

Total* Perceptible grey discolouration
N
Yes No
Type of vital pulp therapy procedures, n/N (%)

Indirect pulp capping 15/57 (26.3) 6/15 (40.0) 9/15 (60.0)
Direct pulp capping 15/57 (26.3) 13/15 (86.7) 2/15(13.3)
Partial pulpotomy 18/57 (31.6) 16/18 (88.9) 2/18 (11.1)
Coronal pulpotomy 9/57 (15.8) 6/9 (66.7) 3/9(33.3)

*: Only VPT-treated teeth restored with direct resin composite restorations were included for analysis (Total N=57). n: Number of teeth with discolouration in each type
of vital pulp therapy procedure, N: All included teeth in each type of vital pulp therapy procedure

of discolouration by both irrigants was inconclusive (difference
-17%; 95% Cl: -40.0- 6.2; p=0.15). Perceptible grey discolouration
percentage by treatment procedures is shown in Table 3. Figure
5 shows discolouration of teeth irrigated by both irrigants.

DISCUSSION

Although MTA has been one of the most studied and com-
monly used pulp dressing materials for VPT (4, 25), the evi-
dence regarding the most suitable irrigant that should accom-
pany its use is lacking. Irrigants used in endodontics mostly
derive from studies based on RCT which is a maximally inva-
sive surgically-based treatment that aims to effectively clean
the complicated root canal system (7). On the other hand, VPT
is a minimally invasive biologically-based treatment that aims
to preserve pulp vitality. The difference in treatment objec-
tives may influence the choice of irrigant between these two
procedures. The result of this study will hopefully shed light
on the most suitable irrigant, when used in combination with
ProRoot® MTA, that can maximise the outcome of VPT while
minimising the undesirable tooth discolouration.

In a per protocol analysis, the MTA-VPT success in the NSS group
appears to be not worse than that in the NaOCl group at 12
months, regardless of the broad spectrum of diagnosis or type
of VPT procedures performed. Moreover, the difference of sur-
vival probabilities between MTA-VPT, irrigated with NSS and
with NaOCl could not be observed. Few previous trials using
NSS in teeth with irreversible pulpitis along with different calci-
um silicate-based cements (CSCs), including MTA, demonstrated
success between 73-95% at 1 year (13, 26). Antibacterial effect,
biocompatibility, and bioactive properties are major desirable
properties of materials which would promote successful VPT out-
comes (27). CSCs have excellent biocompatibility, together with
antibacterial and bioactive properties (4) and its prolonged con-
tact with the pulp tissue may make the antibacterial effect shortly
provided by irrigant less important. Therefore, the lack of antibac-
terial effect of NSS may not be a concern when it is used in combi-
nation with CSCs, following the correct evaluation of pulp status
and sufficient removal of infected and inflamed pulp tissue.

Missing outcome data continues to be acommon probleminran-
domised controlled trials; it can reduce the power and efficiency
of a study and, unfortunately, can also lead to biased results. The
ITT principle, in short, “analyse as randomised’, is recognised as
an important protection against bias by preserving the benefits

of randomisation—namely balancing both known and unknown
factors and eliminating selection bias (28). Despite using addi-
tional ITT analyses to investigate the effects of missing data on
the outcome of this study, the drastic difference in the best-case
and worse-case scenario were too extreme, with a tremendous
contradiction in results from a similar study by Ozgiir et al. (6),
which reported 94.4% and 100% two-year cumulative success
rates of PP with NaOCI and NSS, respectively. Consequently, if
all lost cases were assumed to have success, similar to the high
success rates found in the previously mentioned study, NSS was
confirmed to be not worse than NaOCI.

The only failed case in this study, which had a diagnosis of irre-
versible pulpitis and was treated by PP using NaOCI, occurred
within the first month after treatment. Although earlier studies
have shown success in treating irreversible pulpitis by PP, the
procedure was carried out according to subjective clinical fea-
tures such as pulpal appearance, bleeding color, and hemostasis
time (3, 6). In this case, the failure may be caused by insufficient
debridement or extensive infection beyond the coronal portion,
suggesting that a more invasive treatment like CP or RCT should
have been carried out as adequate management of the infected
and inflamed pulp tissue is essential for treatment success.

The balance between the irrigant’s role in disinfection and
cytotoxicity may be essential in determining the appropriate
choice of irrigant for VPT. Although NaOCl is the most com-
mon irrigant used among endodontists (7), its right concen-
tration for VPT is unknown. The concentration range between
0.5-5.25% NaOCl was clinically used in other VPT studies (5)
and the concentration of 2.5% was chosen for this present
study as it was the frequently used concentration (2, 3, 6, 22,
23). These clinically used concentrations were considered very
high compared to the concentrations previously reported to
be cytotoxic in in vitro studies (29, 30). A study found that there
was no significant difference in human pulp cell proliferation
after exposure to 0.08% NaOC| compared to NSS, but a signif-
icant decline was found after the concentration increased to
0.16% and cell death appeared at 0.33% (29). Additionally, NSS
showed significantly higher DPSCs attachment and survival
compared to those with 5.25% NaOCl in in vitro (8) and better
histomorphologic after Ca(OH), DPC compared to those with
2.5% NaOCl in in vivo (18). The non-cytotoxicity and excellent
biocompatibility properties of NSS (8) may benefit pulp heal-
ing after VPT. Apparently, there was no clinical difference of VPT
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Figure 5. (a) Permanent right maxillary first molar treated by White ProRoot® MTA direct pulp capping using

sodium hypochlorite as irrigant (1) Immediate postoperative, (a2) grey discolouration is noticeable at follow-up.

(b) Permanent left mandibular first molar treated by White ProRoot® MTA partial pulpotomy using normal

saline as irrigant (b1) Immediate postoperative, (b2) grey discolouration isnoticeable at follow-up

MTA: Mineral trioxide aggregate

outcome between using NaOCI and NSS in this study. Histo-
morphological results from in vivo studies showed that NaOCl
did not affect pulp repair of healthy teeth treated by intention-
al Ca(OH), DPC which used NaOCl as a hemostatic agent for
20 seconds and washed with NSS afterwards (31) and dentin
bridge formation still occurred even when only NSS was used
as a hemostatic agent with both Ca(OH), (32, 33) and MTA (33)
as the pulp capping material. Correspondingly, a recent clinical
study found that 2.5% NaOCl irrigation in cariously exposed
teeth treated with DPC had a significantly lower early painful
failures compared to using NSS (p=0.0008) (34). The outcome
was assumably caused by NaOCl’s ability to dissolve necrotic
pulp tissues. This property of NaOCl can be valuable to VPT
procedures such as DPC, which does not include mechanical
debridement during the procedure. Further studies are rec-
ommended regarding the effect of NaOCl cytotoxicity and its
significance on clinical outcomes of VPT. Moreover, compared
to NSS, 3% and 5% NaOCl significantly decreased dentin elas-

tic modulus and flexural strength (9) while its effect on bond
strength remains controversial (35). Therefore, adverse effects
of irrigants on other aspects such as the remaining tooth struc-
ture or bonding of restoration should not be neglected as ad-
equate coronal seal is necessary for successful outcomes (36).

Perceptible grey discolourations were found in both groups in
this study, contradicting a previous in vitro study demonstrat-
ing unnoticeable grey discolouration by visualisation when
NSS was used with ProRoot® MTA (11). However, the difference
in percentages of discoloured teeth caused by these two irrig-
ants must be interpreted with caution because the wide 95%
Clindicates that the difference remains inconclusive. Unavoid-
ably, a high number of teeth, 42 with SSC and 8 with ortho-
dontic band, were excluded from discolouration evaluation.
Nevertheless, blood contamination may be the reason of these
high discolourations (67-89%) in the VPT procedures with pulp
exposure. Previous ex vivo studies demonstrated that blood
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contamination, which is considered as another factor for disc-
olouration, potentiated tooth discolouration after application
of various CSCs (16). This result is also consistent with clinical
studies reporting discolouration after DPC (2) and PP (3), using
MTA with NaOCI. Furthermore, although NSS was used with
MTA, discolouration of pulpotomised immature traumatised
anterior teeth was also previously reported (37). Surprisingly,
despite its larger exposure size, discolouration in the CP sub-
group was less than in the DPC and PP subgroup. This result
may be caused by the more invasive and destructive proce-
dure of CP, leading to a higher number of cases requiring SSC
restorations, thus excluding them from discolouration evalua-
tion. Another remarked observation is the 40% discolouration
in the IPC treated teeth, despite the absence of blood contam-
ination in this group. This result can be the effect of light ir-
radiation and anerobic conditions, which were demonstrated
to influence discolouration of CSCs in a previous in vitro study
(38). Therefore, preventing or reducing discolouration after
MTA-VPT treatment could not be done by controlling only one
factor such as the irrigant used, owing to the many factors that
can influence discolouration as mentioned above.

Although white MTA was developed to encounter discoloura-
tion caused by the original grey MTA (4), the high overall per-
ceptible grey discolouration from this study showed that it
did not achieve this purpose. An oxidative reaction between
NaOCl and bismuth oxide, the radiopacifier in MTA, was pro-
posed to be the cause of this adverse event (10). Moreover,
earlier studies found that the presence of blood contami-
nation was another factor which accentuated discoloura-
tion (16, 17). Despite the high success rates in both irrigant
groups, NSS use with MTA, instead of NaOClI, could not elim-
inate this discolouration problem observed clinically despite
unnoticeable discolouration shown in in vitro study (11).
Although grey discolouration after treatment may not be a
major concern as only posterior teeth were included in this
study, it would most likely cause a more negative effect on
patients that require VPT in esthetic concerned areas. There-
fore, the use of other CSCs products which reported less dis-
colouration may be a better option to reduce this adverse
effect. Consequently, clinical studies aimed to assess color
stability of other claimed non-staining CSCs with different
irrigants should be encouraged to determine optimal mate-
rials and irrigants for VPT procedure.

The limitations of this study should not be overlooked. First,
the degree of discolouration between groups could not be
compared as the outcome was obtained by visualisation of
dental professionals and reported in a dichotomous man-
ner (absence or presence). Future studies, using devices or
other methods which can provide quantitative and more
objective results, are suggested. Second, several subjects
were excluded from discolouration evaluation because SSC
or resin composite with orthodontic band were placed as
their final restorations, which led to an inconclusive result
of difference in percentages of discoloured teeth between
NaOCI and NSS. Obtaining a larger sample size in future
studies may elicit more accurate results regarding dis-
colouration after VPT treatment.
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CONCLUSION

From the result of this study, in terms of VPT outcome, NSS had
the same efficacy as NaOCl and can be considered as an alter-
native irrigant for VPT with ProRoot® MTA in young permanent
teeth because of its biocompatibility which can facilitate safe
irrigation and prevent hazards from NaOCl spillage in partially
erupted or heavily compromised teeth which may encounter
difficulty to isolate. However, both NSS and NaOCl caused per-
ceptible grey discolouration. Thus, the use of other CSCs which
claim to be non-staining should be more appropriate in treat-
ing teeth that require high esthetics.
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