
Zeng et al. Trials          (2024) 25:700  
https://doi.org/10.1186/s13063-024-08559-y

STUDY PROTOCOL Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

Trials

Efficacy of vital pulp therapy for carious pulp 
injury in permanent teeth: a study protocol 
for an open-label randomized controlled 
noninferiority trial
Qian Zeng1,2,3, Mingchang Chen1,2,3, Siyi Zheng1,2,3, Xi Wei1,2,3* and Hongyan Liu1,2,3*    

Abstract 

Background  Vital pulp therapy (VPT) has recently been reported as an effective approach for preventing and treat-
ing carious pulp injury in permanent teeth. Compared with root canal treatment (RCT), which involves complete 
removal of the pulp tissue, VPT effectively maintains pulp vitality and retains the physiological functions of the pulp. 
In the research pool, large-scale randomized controlled trials evaluating the treatment outcome of VPT using calcium 
silicate cements and RCT in cariously exposed permanent teeth are lacking. Here, we present a monocentric clinical 
protocol to compare the effects of VPT using iRoot BP Plus (Innovative Bioceramix, Vancouver, BC, Canada) as a pulp-
capping material with RCT.

Methods  The proposed trial is an open-label, single-centre, randomized, controlled, noninferiority trial. In total, 462 
patients will be included in this trial according to the following criteria: adult patients (18–50 years old), pulp expo-
sure during the treatment of deep caries in mature permanent teeth, a diagnosis of reversible or partially irrevers-
ible pulpitis without apical translucency on X-ray, without periodontitis or systemic disease. Patients with signed 
informed consent forms will be enrolled and randomly divided into two groups (VPT and RCT) with a balanced 
treatment allocation (1:1). Clinical evaluations will be conducted at baseline and at 3, 6, 12, and 24 months after treat-
ment, with the potential for extension. The primary outcome measure will be the duration of success. The secondary 
outcomes will include the success rate at the 1-year follow-up and any adverse reactions. The Kaplan‒Meier method 
and log-rank test will be used to compare the duration of success of both treatments. For other outcomes, the χ2 test 
or Fisher’s exact test will be used for categorical variables, and the t test or Mann‒Whitney U test will be used for con-
tinuous variables to assess the differences between groups.

Discussion  The results of this trial will provide a clinical reference for selecting treatments for carious pulp injuries 
in permanent teeth.

Trial registration  ClinicalTrials.gov ChiCTR2100051369. The study has been registered in the Chinese Clinical Trial 
Registry (ChiCTR) (www.​chictr.​org.​cn). Registered on 21 September 2021
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Administrative information
Note: the numbers in curly brackets in this protocol refer 
to SPIRIT checklist item numbers. The order of the items 
has been modified to group similar items (see http://​
www.​equat​or-​netwo​rk.​org/​repor​ting-​guide​lines/​spirit-​
2013-​state​ment-​defin​ing-​stand​ard-​proto​col-​items-​for-​
clini​cal-​trials/).
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Name and contact informa-
tion for the trial sponsor {5b}

SPIRIT guidance: Name and contact 
information for the trial sponsor.
Hospital of Stomatology, Sun Yat-Sen 
University

Role of sponsor {5c} This is an investigator-initiated study. The 
sponsor will play no role in the study 
design; data collection, management, 
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Introduction
Background and rationale {6a}
The vitality of the pulp is essential for long-term tooth 
survival. Once pulpitis is diagnosed, root canal therapy 
(RCT) is conventionally used to eliminate the root canal 
infection, as the extent of bacterial infection is often 
unknown. Recent advancements in dental microscopy 
and endodontic techniques have improved the success 
rate of RCT, which now ranges between 68 and 93% 
[1–4]. However, RCT presents certain challenges. The 
removal of hard tissue during root canal preparation may 
increase the risk of root fracture [5]. Additionally, the 
complex anatomy of the root canal system requires high 
technical proficiency, making RCT difficult for general 
dentists to perform [6]. Moreover, RCT procedures are 
time-consuming and labour-intensive, placing a greater 

burden on patients, clinicians, and social healthcare 
resources [7].

Vital pulp therapy (VPT) is a treatment that aims to 
eliminate infection from the dentin‒pulp complex, pre-
serve the pulp viability and maintain the pulp function. 
VPT includes indirect pulp capping (IPC), direct pulp 
capping (DPC), partial pulpotomy (PP), and full pulpot-
omy (FP) [8]. IPC involves capping the material covering 
the affected dentin over the unexposed pulp, whereas in 
DPC, the covering agent is placed over the exposed pulp. 
Pulpotomy involves the removal of a minute amount of 
the coronal pulp (PP) and complete amputation of the 
coronal pulp (FP) followed by direct coverage of the 
remaining pulp tissue [8]. Recently, VPT has attracted 
increasing attention and has been used in mature per-
manent teeth with pulp exposure caused by dental caries 
[9, 10]. In one systematic review, the clinical and radio-
graphic success rates of full pulpotomy for mature per-
manent teeth were reported to range from 92.2 to 99.4%, 
whereas the success rates of partial pulpotomy were 
between 78.2 and 80.6% [11]. Previous studies have dem-
onstrated that the 1-year success rate of VPT for carious 
mature teeth with symptomatic pulpitis ranges from 88 
to 97.4% [12, 13], and the 2-year success rate of VPT in 
cariously exposed mature teeth without symptoms is as 
high as 92% [14]. The European Society of Endodontics 
(ESE) proposed that VPT in the form of pulp capping 
or partial pulpotomy is indicated after the exposure of 
reversibly inflamed pulp tissue during caries excavation 
[8]. In 2021, the American Association of Endodontists 
(AAE) reported that a diagnosis of irreversible pulpitis 
is not an indication for pulp removal, as more conserva-
tive treatments, such as VPT, could be considered [15]. 
In addition, several studies have shown that VPT is less 
costly than RCT and is a cost-effective treatment for 
younger patients who have occlusal exposure sites or 
lower Willingness-To-Pay values [6, 16, 17]. Therefore, 
VPT may be considered an alternative treatment to RCT 
when appropriate indications and full patient consent are 
achieved, as this approach will prolong the lifespan of the 
natural teeth.

Currently, calcium silicate cements, including min-
eral trioxide aggregate (MTA), Biodentine, and iRoot BP 
Plus, are recommended for pulp capping in VPT [18, 19]. 
Among these materials, iRoot BP Plus has excellent seal-
ing properties, biocompatibility, and osteoconductive 
potential [20–23]. Our previous study revealed that Si 
and Ca released from iRoot BP Plus increase in the acidic 
environment of inflammation, which may contribute to 
its osteogenic/odontogenic potential [24, 25]. Clinical 
studies have demonstrated that the 1-year success rates of 
pulpotomy using iRoot BP Plus in immature permanent 
teeth with carious exposure range from 71.5 to 90.9% [26, 

http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
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27]. Liu et al. reported that the success rates of DPC by 
iRoot BP Plus in cariously exposed mature teeth at 1 year, 
2 years, and 3 or more years were 98%, 89%, and 81%, 
respectively [28]. Another prospective study revealed 
that the overall success rate at the 1–3 year follow-up 
timepoint after VPT using iRoot BP Plus was 90.5% in 59 
permanent teeth with irreversible pulpitis caused by car-
ies [29]. These studies demonstrated the efficacy of iRoot 
BP Plus as a pulp-capping material in VPT.

Notably, accurate diagnosis of the pulp condition is 
crucial for determining the appropriate therapy [30]. 
Conventionally, reversible pulpitis can be resolved with 
VPT, and RCT is indicated for irreversible pulpitis on 
the basis of the AAE classification of pulpitis. How-
ever, recent studies have reported successful outcomes 
of VPT for irreversible pulpitis [29, 31, 32]. This may be 
explained by the fact that clinical signs and symptoms 
cannot adequately present the degree of histologic dam-
age and the extent of microbe invasion [33]. The AAE 
classification of pulpitis as reversible or irreversible has 
been contested for not reflecting the variations in pul-
pal responses to pathological stimuli. Therefore, Wolters 
proposed a new classification system based on symptoms 
and categorized pulpitis into initial, mild, moderate, and 
severe types [34]. This classification provides an alterna-
tive interpretation of disease progression. ESE has further 
suggested that vital pulps should be considered reversibly 
inflamed, alternatively partially or completely irrevers-
ibly inflamed under deep or extreme caries. Irreversible 
damage (partial or total) is characterized by episodes of 
spontaneous, radiating pain that lingers after removal of 
the stimulus. Reversible pulpitis is either symptomless 
or involves episodes of less intense, shorter-lasting pain. 
For reversible pulpitis and partially irreversible pulpitis, 
VPT can be considered; in contrast, RCT is required to 
manage completely irreversible pulpitis [8]. This clas-
sification can guide decision-making in vital pulp treat-
ment. However, with respect to clinical manifestations, 
distinguishing between irreversible pulpitis and partial 
irreversible pulpitis is difficult. Regarding treatment 
decision-making, integrating the ESE classification and 
Wolters classification offers a more effective approach. 
However, better long-term prospective randomized data 
are needed before this protocol can be established as the 
preferred treatment.

Although VPT shows promise as an alternative to con-
ventional RCT in mature teeth with carious exposure, 
there is insufficient evidence to conclusively compare the 
clinical outcomes of these two treatments. Current stud-
ies indicate that full pulpotomy has comparable success 
rates to RCT in cariously exposed mature teeth, regard-
less of symptoms [6, 35–38]. However, the sample sizes of 
these studies, ranging from 54 to 157 teeth, are not large 

enough to provide robust evidence. Although a multi-
centre randomized clinical trial included a larger sample 
size (407 teeth), the recall rate was low (67%, 271/407). 
Additionally, the procedures were performed by general 
dentists, which might have affected the RCT outcomes 
compared with those obtained by specialists. Further-
more, different VPT procedures (DPC, PP, and FP) 
should be considered on the basis of the ESE classifica-
tion of pulpitis to comprehensively evaluate the clinical 
efficacy of VPT and RCT. Therefore, further large-scale 
prospective clinical studies are necessary.

Objectives {7}
The objective of this study is to compare the clinical 
outcomes between VPT using iRoot BP Plus as a pulp-
capping material and RCT in carious-induced pulp 
injury in mature permanent teeth to guide future clinical 
decision-making.

The primary aim is to compare the duration of success 
between VPT and RCT. The secondary aim is to deter-
mine the success rates of VPT and RCT at the 1-year 
follow-up and identify any adverse reactions associated 
with VPT.

Trial design {8}
This is an investigator-initiated, mono-centric, open-
label, noninferiority, randomized controlled trial. The 
flow chart is presented in Fig. 1.

Methods: participants, interventions, 
and outcomes
Study setting {9}
The study is being conducted at the Department of Oper-
ative Dentistry and Endodontics, Hospital of Stoma-
tology, Guanghua School of Stomatology, Sun Yat-sen 
University, Guangzhou, Guangdong Province, China.

Eligibility criteria {10}
Inclusion criteria
Patients who currently meet the following criteria will be 
included:

a.	 Age range of 18–50 years;
b.	 Pulp exposure during treatment of deep caries;
c.	 Diagnosis with reversible or partially irreversible pul-

pitis without apical translucency on X-ray (reversible 
pulpitis is either symptomless or has episodes of less 
intense, shorter-lasting pain). Partial irreversible pul-
pitis is a heightened and lengthened reaction to cold, 
warm and sweet stimuli that can last up to 20 s but 
then subsides, possibly percussion sensitive, or elic-
its clear symptoms, with strong, heightened and pro-
longed reactions to cold, which can last for minutes, 
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possibly percussion sensitive with spontaneous, dull 
pain that can be suppressed with pain medication.

d.	 Absence of periodontitis or systemic disease;
e.	 Only one or two proximal surfaces lost with remain-

ing walls > 2 mm; and
f.	 Good compliance and signed informed consent 

forms.

Exclusion criteria
Patients who meet any of the following criteria will be 
excluded:

a.	 Teeth with pulp calcification, root fracture or inter-
nal/external absorption;

b.	 Teeth with unrestorable large defects or the need for 
RCT for aesthetic reasons;

c.	 Current orthodontic treatment;
d.	 Current pregnancy or breast feeding;
e.	 Poor compliance or inability to complete the trial.

Who will take informed consent? {26a}
The investigators will provide information about 
the study and be responsible for obtaining informed 
consent from individuals who may qualify for 
participation.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
This information is not available, as there will be no col-
lection of biological specimens as part of this trial.

Interventions
Explanation for the choice of comparators {6b}
RCT is the conventional treatment modality for pulp 
injury in mature teeth and involves removing the entire 
pulp. As the minimally invasive concept is currently 
well accepted, VPT has been used in mature teeth with 
carious exposure as a promising alternative to conven-
tional RCT. However, there is no sufficient evidence for 
a comprehensive comparison of the clinical outcomes 
of these two modalities. The present trial will com-
pare these interventions to guide decision-making for 
mature teeth with symptomatic or asymptomatic pulp 
injury.

Intervention description {11a}
The specific intervention plan is shown in Table  1. 
Patients diagnosed with reversible or partially irrevers-
ible pulpitis will be randomly assigned at a 1:1 ratio to the 
intervention group (VPT) or the control group (RCT). 
Data on the duration of success and other outcomes will 
be collected at baseline and at 3, 6, 12, and 24  months 
after treatment. Moreover, data on adverse events will be 
collected during the study.

Fig. 1  Study flow chart
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The intervention group
The intervention group will receive VPT using iRoot BP 
plus as the pulp-capping material. The VPT will be per-
formed in the following steps: (1) After surface disinfec-
tion and local anaesthesia, decayed areas near the pulp 
will be removed under a rubber dam and dental operating 
microscope. (2) One per cent sodium hypochlorite will 
be used for haemostasis after pulp exposure for 3  min. 
Direct pulp capping (DPC), partial pulpotomy (PP) and 
full pulpotomy (FP) using a 2-mm-thick layer of iRoot BP 
plus as the pulp-capping material will be performed on 
the basis of the pulp tissue conditions and haemostasis. 
If pulp exposure is less than 1  mm with healthy dentin 
and pulp tissue, while bleeding can be controlled within 
3 min, DPC should be performed; if haemostasis cannot 
be achieved within 3 min, the tissue will be excised to the 
superficial 1 ~ 2  mm of the coronal pulp (PP) until the 
coronal pulp tissue is amputated to the level of the root 
canal orifices (FP). (3) The composite resin permanent 
restoration will be completed immediately following pulp 
capping.

The control group
The control group will be treated with RCT. First, after 
surface disinfection and local anaesthesia, the decayed 
tissue will be removed, and the access cavity will be pre-
pared with high-speed burs. A rubber dam will then be 
applied for isolation, followed by root canal prepara-
tion via rotary nickel‒titanium files and root canal fill-
ing with warm gutta‒percha under a dental operating 
microscope. The composite resin permanent restoration 

will be completed at the subsequent visit if there are no 
abnormalities.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Patients will be followed up until treatment completion 
at 24 months. The interventions will be continued as far 
as possible unless the following situations occur:

a.	 The participants do not return on time or are lost to 
follow-up, with poor compliance; and

b.	 The participants actively quit the trial (the investiga-
tors will diligently attempt to ascertain and record 
the reasons for withdrawal). The participants are free 
to withdraw at any time and for any reason, without 
consequence.

Strategies to improve adherence to interventions {11c}
The research team will provide standard treatment strat-
egies to improve adherence to interventions, such as 
counselling on the necessity of treatment. Counselling 
will be performed to support adherence at all visits.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
This topic is not applicable, as no relevant concomitant 
care is needed during the trial.

Provisions for post‑trial care {30}
This topic is not applicable, as no post-trial care is needed 
in this study.

Table 1  SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials)

Study period

Timepoint Pretreatment Posttreatment 3-month
follow-up

6-month
follow-up

12-month
follow-up

24-month
follow-up

Enrolment
    Eligibility screen X

    Informed consent X

    Baseline data collection X

    Randomized subjects X

    Allocation X

Intervention
    VPT X X

    RCT​ X X

Assessments
    Primary outcome X X X

    Secondary outcome X X X X
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Outcomes {12}
Clinical and radiographic evaluations will be performed 
by two independent evaluators at baseline and 3, 6, 12, 
and 24  months after treatment. Prior to initiating this 
study, we established standardized operative procedures 
(SOPs) for all of the procedures, including the evalua-
tions. The evaluators receive training on the research 
process and standard operative procedures for evalu-
ation. Each patient will be independently evaluated by 
two senior doctors. In cases where there is a disagree-
ment between the evaluators, a third evaluator will be 
consulted to reach a consensus. The primary outcome 
will be the duration of success. The secondary outcomes 
will include the success rate at the 1-year follow-up and 
adverse reactions. Clinical success is defined as normal 
symptoms and signs without pain, abscess, swelling, 
or sinus tract formation. In addition, pulp vitality tests 
should reveal normal results in patients managed with 
DPC or PP. Radiographic success is defined as no periapi-
cal radiolucency, no root resorption and no root fracture. 
The data will be recorded by dentists at each follow-up.

Participant timeline {13}
Table 1 outlines the schedule of enrolment, interventions, 
and assessments.

Sample size {14}
This trial is designed to test the noninferiority of the 
duration of success in VPT compared with RCT. Accord-
ing to previous studies, the 18-month success rate is 85% 
for the patients receiving RCT and 87.5% for patients 
receiving VPT, indicating a true hazard ratio (HR) of 
0.82. In those studies, the noninferiority margin was set 
as − 5% for the 18-month success rate, which indicates a 
noninferiority margin with an HR of 1.37. To achieve 80% 
power and a one-sided type I error of 2.5%, we need at 
least 462 patients to account for a 15% dropout rate.

Recruitment {15}
The trial will be conducted at the Hospital of Stomatol-
ogy, Sun Yat-Sen University. The incentives for partici-
pant enrolment are not provided. A training session for 
the research team has been conducted for them to under-
stand the study enrolment criteria and learn the skills 
needed for effective enrolment. The department staff 
have been informed of this trial and will refer appropriate 
patients directly to the study team. All trial information 
sheets and consent forms are available electronically and 
in paper form.

Assignment of interventions: allocation
Sequence generation {16a}
Patients meeting the inclusion criteria will be randomly 
assigned to the intervention group or the control group 
at a 1:1 ratio via stratified randomization, with this strati-
fication based on the reversibility of pulpitis (reversible/
partially irreversible). The randomization sequence will 
be generated by a statistician using computer software.

Concealment mechanism {16b}
The randomization sequence will be sealed in envelopes 
by the statistician, who will not enrol the participants or 
assign the interventions. The randomization list will be 
inaccessible to the clinical investigators. Allocation con-
cealment will be ensured, as the sealed envelopes will not 
be provided until the patient has been recruited into the 
trial, which takes place after all baseline assessments are 
completed.

Implementation {16c}
For eligible patients who provide signed informed con-
sent, the researchers will open the envelopes sequentially 
according to the stratification (reversible/partially irre-
versible) to determine the treatment allocation and pro-
ceed with the intervention accordingly.

Assignment of interventions: blinding
Who will be blinded {17a}
No one in this trial will be blinded.

Procedure for unblinding if needed {17b}
The trial team and participants will not be blinded to the 
treatment allocation because both the treatment proce-
dure and radiography can be easily identified. Therefore, 
this study is an open-label trial with no blinding of the 
researchers and participants.

Data collection and management
Plans for assessment and collection of outcomes {18a}
For this trial, X-rays will be used for the observation of 
apical translucency, root resorption and root fracture, 
and pulp vitality tests will be performed for the confirma-
tion of dental pulp vitality by senior doctors. The X-ray 
data will be independently evaluated by two senior doc-
tors who have been trained in the research process and 
standard operative procedures. Pulp vitality tests will be 
performed in duplicate by a senior dentist. Case report 
forms (CRFs) in paper form, which are considered the 
main source of documentation, will be completed by 
research team members in a timely manner. These CRFs 
will be used to collect demographic, baseline and clinical 
data. The data will be uploaded to the electronic database 
REDCap. Two study team members will be responsible 
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for checking the consistency of the data from the CRFs 
and the database.

Plans to promote participant retention and complete 
follow‑up {18b}
The research team will make telephonic contact with the 
participants before their appointment dates to remind 
them of the visits. The participants will have access to 
trial phone numbers that may be called if they have any 
questions.

Data management {19}
All clinical data will be electronically uploaded to RED-
Cap, which allows data quality checks to ensure data 
quality and reliability. Two study team members will 
administratively control the form and data uploading and 
downloading.

Confidentiality {27}
All participant data will be anonymized, and the partici-
pants will be assigned a unique ID number. REDCap, a 
secure web application for building and managing data-
bases, can ensure the confidentiality and security of 
electronic information. Access to the REDCap database 
is password protected, with each study member hav-
ing their own username and password. No information 
concerning the participants will be released to an unau-
thorized third party, without written approval of the 
participant except as necessary for trial monitoring or 
regulatory review.

Plans for collection, laboratory evaluation and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
This step is not applicable, as no biological specimens 
will be collected in this trial.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
Efficacy analyses will be conducted in both the intention-
to-treat population, which includes all randomly assigned 
patients, and the per-protocol population, which includes 
all patients who received the assigned therapy. For the 
safety analysis, all randomly assigned participants will be 
included, except for those who did not receive either RCT 
or VPT. The duration of success will be calculated via 
the Kaplan‒Meier method, and the different curves will 
be compared by using the log-rank test. Missing time-
to-event data, such as those of patients who are lost to 
follow-up or without an observed event at the last follow-
up date, will be treated as censored. Hazard ratios (HRs) 
and 95% confidence intervals (CIs) will be calculated via 

Cox proportional hazards models, with the assumption 
of proportional hazards confirmed by the Schoenfeld 
residuals. Multivariate analyses using the Cox propor-
tional hazards model will be performed, considering the 
randomized factor and other significant factors identified 
in univariate analyses. For other outcomes, we will use 
the χ2 test or Fisher’s exact test for categorical variables 
and the T test or Mann‒Whitney U test for continuous 
variables to assess differences between groups.

For the primary outcome, the noninferiority margin of 
the HR is 1.37. If the upper limit of the 95% CI of the HR 
is less than the margin, noninferiority will be considered 
to have been achieved.

All analyses will be performed with Stata/MP 14.0. All 
tests will be two-sided, and P < 0.05 will be considered to 
indicate statistical significance.

Interim analyses {21b}
The committee members will meet every 6  months to 
review the trial process and data concerns. No interim 
analysis will be performed for the effect inference of the 
study.

Methods for additional analyses (e.g. subgroup analyses) 
{20b}
Stratified analyses will be conducted on the basis of rand-
omization strata and baseline characteristics.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Patients who complete the protocol will be included in 
the per-protocol (PP) analysis; patients who participate 
in the randomization but do not complete the protocol 
will still be included in the intention-to-treat (ITT) anal-
ysis. We will strive to ensure data completeness, and for 
unavoidable missing data, multiple imputation methods 
will be employed during the data analysis.

Plans to give access to the full protocol, participant‑level 
data and statistical code {31c}
Requests for access to the full protocol, participant-level 
data and statistical code will be considered by the corre-
sponding author on a case-by-case basis upon reasonable 
request and conditions.

Oversight and monitoring
Composition of the coordinating centre and trial steering 
committee {5d}
The trial has a coordinating committee composed of the 
principal investigators (PIs), lead investigator, study coor-
dinator, data manager and statistics expert. This team 
will ensure that the day-to-day operations of the trial 
run smoothly. The team will meet monthly to discuss the 
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implementation and quality improvement of the inter-
ventions. No data monitoring committee is being consid-
ered, as this is a low-risk intervention.

The trial steering committee, including the PIs, lead 
investigators, senior clinicians and trial assistants, will be 
responsible for providing technical review and inputs to 
the design of the study protocol; reviewing semiannual 
progress reports; overseeing the data safety monitoring 
processes; sharing relevant information; observing the 
study implementation; and providing feedback and rec-
ommendations to the study team.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
This trial has no independent data monitoring com-
mittee. The oversight of the trial is provided by the trial 
steering committee. This committee will be responsi-
ble for monitoring the progress of the trial, overseeing 
the data safety monitoring processes, and addressing 
any issues that may arise during the trial. The commit-
tee members will meet every 6 months to review the trial 
process and data concerns.

Adverse event reporting and harms {22}
All enrolled participants will be provided with the con-
tact information of the research project manager on their 
copy of the informed consent form. They will also be 
asked to inform their dentists of any perceived adverse 
events. These adverse events or harms will be recorded 
and reported to the trial steering committee.

Frequency and plans for auditing trial conduct {23}
The trial steering group will play a central role in the daily 
coordination of the study. The implementation and qual-
ity improvement of the interventions will be discussed 
in monthly group meetings. The trial steering commit-
tee members will meet every 6 months to review the trial 
process and data concerns, whereas the ethics committee 
will meet yearly to review the conduct.

Plans for communicating important protocol amendments 
to relevant parties (e.g. trial participants, ethical 
committees) {25}
Any protocol amendment will be first communicated to 
the funder (Hospital of Stomatology, Sun Yat-sen Univer-
sity), and then a copy of the revised protocol will be sent 
to the PI to add to the Investigator Site File. Any devia-
tions from the protocol will be fully documented via a 
breach report form. The amended protocol will also be 
submitted to the research ethics committee for approval 
before being implemented. The modification of the pro-
tocol will also be updated in the Chinese Clinical Trial 
Registry.

Patient public involvement
Neither the patients nor the public is involved in the 
design of this protocol.

Dissemination plans {31a}
The trial results will be published in a medical journal 
and presented at academic conferences. There will be no 
publication restrictions.

Discussion
VPT has garnered increasing attention in recent years 
because of its advantages in preserving vital pulp, main-
taining the physiological function of dental pulp, and 
enhancing the long-term survival rate of teeth. It is con-
sidered a viable alternative to RCT when appropriate 
indications are met. However, the current classification 
of pulpitis is ambiguous, leading to unclear indications 
for VPT. According to the ESE statement, pulpitis can 
be classified as reversible, partially irreversible, or com-
pletely irreversible in the presence of deep or extensive 
caries. This classification aids in decision-making for 
VPT or RCT. Nevertheless, there is limited evidence on 
the efficacy of VPT and RCTs on the basis of the ESE 
classification of pulpitis. Additionally, new bioactive 
materials have been available for a short period and lack 
long-term efficacy evaluation.

To address this issue, we will conduct a prospective 
randomized controlled clinical trial to compare the effi-
cacy of VPT using iRoot BP Plus as a capping material 
with that of RCT based on the ESE classification of pul-
pitis. This study will evaluate the treatment outcomes 
and related risk factors for VPT in cariously exposed 
permanent teeth, providing an evidence-based option for 
the precise and minimally invasive treatment of pulpitis 
in permanent teeth. Additionally, to our knowledge, this 
will be the first prospective clinical study assessing the 
efficacy of vital pulp therapy using a combination of the 
ESE and Wolter classifications for pulpitis classification. 
This study will validate a new standard for pulpitis diag-
nosis as a reliable predictor of treatment outcomes.

Trial status
The current protocol is version 3.0, dated 24 March 2021. 
Ethical approval for the trial was obtained from the Med-
ical Ethics Committee of the Hospital of Stomatology, 
Sun Yat-sen University, on 7 October 2020 (KQEC-2020–
43-01) and amended on 5 July 2021 (KQEC-2020–43-
02). Recruitment began on 11 August 2021. The last 
patient follow-up is scheduled for 26 December 2024. 
We neglected the requirement to submit this manuscript 
before the first patient’s enrolment, mistakenly believing 
that it should be submitted before the completion of the 
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experiment, which led to our failure to submit this manu-
script earlier.
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