
Int Endod J. 2022;55:891–909.	 ﻿	    |  891wileyonlinelibrary.com/journal/iej

Received: 9 April 2022  |  Accepted: 3 June 2022

DOI: 10.1111/iej.13785  

R E V I E W  A R T I C L E

Outcomes reporting in systematic reviews on vital pulp 
treatment: A scoping review for the development of a core 
outcome set

Siobhan Cushley1   |   Henry F. Duncan2   |   Fionnuala T. Lundy1   |   
Venkateshbabu Nagendrababu3   |   Mike Clarke1   |   Ikhlas El Karim1

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. International Endodontic Journal published by John Wiley & Sons Ltd on behalf of British Endodontic Society.

1School of Medicine, Dentistry 
and Biomedical Sciences, Queen's 
University Belfast, Belfast, UK
2Division of Restorative Dentistry 
& Periodontology, Dublin Dental 
University Hospital, Trinity College 
Dublin, Dublin, UK
3Department of Preventive and 
Restorative Dentistry, College of Dental 
Medicine, University of Sharjah, 
Sharjah, UAE

Correspondence
Ikhlas El Karim, Centre for 
Experimental Medicine, School of 
Medicine, Dentistry and Biomedical 
Sciences, Queen's University Belfast, 
The Wellcome-Wolfson Building, 97 
Lisburn Road, Belfast BT9 7AE, UK.
Email: i.elkarim@qub.ac.uk

Funding information
This work was supported by HSC 
R&D Division, Public Health Agency 
[EAT/5579/19]

Abstract
Background: A large number of research reports on vital pulp treatment (VPT) 
has been published over the last two decades. However, heterogeneity in report-
ing outcomes of VPT is a significant challenge for evidence synthesis and clinical 
decision-making.
Objectives: To identify outcomes assessed in VPT studies and to evaluate how and 
when outcomes are measured. A subsidiary aim was to assess evidence for selective 
reporting bias in the included studies. The results of this review will be used to in-
form the development of a core outcome set (COS) for endodontic treatments.
Methods: Multiple healthcare bibliographic databases, including PubMed/
MEDLINE, Ovid EMBASE, Scopus, Cochrane Database of Systematic Reviews and 
Web of Science were searched for systematic reviews published between 1990 and 
2020, reporting on VPT. Screening, data extraction and risk of bias assessment were 
completed independently by two reviewers. Outcomes' information was extracted 
and aligned with a healthcare taxonomy into five core areas: survival, clinical/physi-
ological changes, life impact, resource use and adverse events.
Results: Thirty-six systematic reviews were included, 10 reporting on indirect pulp 
capping or selective caries removal, nine on direct pulp capping, eight on pulpot-
omy and nine on combined VPTs. There was considerable variation in the outcomes 
reported in these reviews and their included studies. Clinician-reported outcomes 
were used considerably more often than patient-reported outcomes. A range of in-
struments and time points were used for measuring outcomes. Several of the reviews 
were assessed as having low risk of selective reporting bias, but many did not specifi-
cally report this domain, whilst others did not provide risk of bias assessment at all.
Discussion: Considerable variation in selection of outcomes and how and when 
they are measured and reported was evident, and this heterogeneity has implications 
for evidence synthesis and clinical decision-making.
Conclusions: Whilst there is a lack of consistency, several potentially important 
outcomes for VPT, including pulp survival, incidence of post-operative pain and 
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INTRODUCTION

Vital pulp treatments (VPTs) represent a group of mini-
mally invasive endodontic treatments intended to pre-
serve the health of all or part of the dental pulp (Duncan, 
Galler, et al., 2019). These treatments include a spectrum 
of modalities including indirect pulp capping, direct pulp 
capping and pulpotomy (partial or complete). Although 
not novel, VPT has recently emerged as a promising bio-
logically based treatment due, in part, to advances made 
in the scientific field, including the introduction of bioac-
tive hydraulic calcium silicate cements (Nair et al., 2008; 
Parirokh et al., 2018) as well as advances in pulp biology 
that have improved clinicians' understanding of the bio-
logical and reparative processes occurring in the injured 
dental pulp (Duncan, Cooper, & Smith, 2019; El Karim, 
Cooper, et al.,  2021). Consequently, a plethora of clini-
cal studies reporting on the outcome of VPT have been 
published over the last two decades and have demon-
strated high success rates (Asgary et al.,  2017; Bjørndal 
et al.,  2017; Taha & Abdulkhader,  2018). Many system-
atic reviews have also been conducted summarizing the 
evidence from these studies (Cushley et al.,  2019, 2020; 
Elmsmari et al., 2019). However, these systematic reviews 
are limited not only by methodological shortcomings, but 
also by the considerable heterogeneity and lack of stan-
dardization in the reporting of outcomes within the in-
cluded studies.

A treatment outcome is generally defined as a clinical 
measure used to judge the efficacy or effectiveness of a 
treatment, but it can also represent the suffering or loss 
of health experienced by an individual because of the dis-
ease process (Boers et al., 2014). With this background, 
the outcomes of all endodontic treatment, including 
VPT, are often evaluated through detailed history-taking 
accompanied by clinical and radiographic examination. 
The reporting of these clinical findings, however, is het-
erogenous with no clear consensus amongst researchers 
and clinicians on the most important and relevant out-
comes to be reported for each respective treatment. For 
instance, tooth survival is an important outcome for pa-
tients, but is generally not reported, and even when re-
ported, different terminologies and descriptions are used. 

This makes evidence synthesis and meta-analysis unnec-
essarily difficult, if not impossible (Saldanha et al., 2020). 
In addition, many of the reported outcomes tend to be 
clinician-reported and not patient-reported (Duncan, 
Chong, et al.,  2021). There is also a lack of consensus 
on the methods and timing used to measure outcomes. 
Such heterogeneity negatively impacts evidence synthe-
sis, pooling of primary studies, clinical guidelines de-
velopment and provision of clinical care (Rosenbaum 
et al., 2010). Therefore, a need exists to develop a mini-
mum core outcome set (COS) for VPT, which would be 
used in all future studies of these treatments.

A COS is defined as an agreed, standardized set of 
outcomes that should be measured and reported as a 
minimum in all clinical trials and clinical outcome 
studies in a particular field (Williamson et al., 2012). It 
is not intended to be a restrictive list but rather it allows 
researchers to also include additional outcomes that 
support their study aims whilst ensuring better clar-
ity of available evidence. Adopting a COS approach in 
clinical research increases the likelihood that important 
outcomes are measured, improves evidence synthesis 
by reducing heterogeneity between studies and reduces 
outcome-reporting bias, thereby, improving the valid-
ity of the studies (Clarke,  2008). The process of COS 
development as described in the Core Outcome Set-
STAnDards for Development (COS-STAD) statement, 
involves identification of outcomes and how they are 
measured through systematic review of the literature, 
followed by a structured consensus process to agree 
the most important outcomes and how and when they 
should be measured (Kirkham et al.,  2016; Kirkham 
et al., 2017).

This scoping review reports on the outcomes of exist-
ing VPT studies and serves to inform the development of 
a COS outcome set for endodontic treatment modalities 
(COSET) project (El Karim, Duncan, et al., 2021) The ob-
jectives of this scoping review are to: (1) Identify what 
outcome domains are assessed in studies evaluating VPT, 
(2) Report on how the outcomes are measured (that is, 
what validated or nonvalidated instruments are used) 
and (3) Assess any selective reporting bias in the included 
studies.

need for further intervention, have been identified which could inform the develop-
ment of a COS for endodontic treatment.
Registration: Core Outcome Measures in Effectiveness Trials (COMET) (No. 1879).

K E Y W O R D S

direct pulp capping, endodontics, outcomes, pulpotomy, selective caries removal, vital pulp 
treatment
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METHODS

This scoping review is reported in line with the PRISMA-
ScR guidance (Tricco et al.,  2018). The protocol for this 
review and the COSET project has previously been pub-
lished (El Karim, Duncan, et al., 2021). The project is reg-
istered in the Core Outcome Measures in Effectiveness 
Trials (COMET) database (registration No. 1879).

Selection criteria

Population: Humans undergoing VPT in a permanent 
tooth.

Treatment procedures carried out: direct pulp capping 
(DPC); indirect pulp capping (INDPC)/ selective caries 
removal (one and two visits); partial pulpotomy and full/
complete coronal pulpotomy.

Follow up: No restriction on follow up period.
Studies: Systematic reviews published in the English 

language which included clinical studies reporting clini-
cal and or radiographic outcomes of VPT.

Information sources

A comprehensive structured literature search was per-
formed using PubMed/MEDLINE, Ovid EMBASE, 
Scopus, Cochrane Database of Systematic Reviews, Web 
of Science databases and grey literature to identify system-
atic reviews published in English between January 1990 
and December 2020 covering the outcomes of VPT.

Search process

A detailed search strategy was developed in MEDLINE 
and adapted for other bibliographic databases (Table S1). 
An electronic library of all references was uploaded to 
EndNote 20 and duplicates were removed. Two reviewers 
(SC, IEK) independently assessed the title and abstracts of 
all systematic reviews identified. Any disagreement about 
article inclusion was resolved by arbitration from a third 
reviewer (HD) if required.

Outcome measures

The main outcomes of this scoping review were: (1) 
Identification and list all outcomes reported in the studies 
included in the reviews (clinician-  and patient-reported 
outcomes), (2) Methods used to measure these outcomes, 
and (3) Duration of follow up of the reported outcomes.

Data extraction

Data extraction from the full text of eligible reviews was 
completed independently by one reviewer (SC) and veri-
fied by another (IEK). A data extraction proforma was 
piloted based on the outcomes reported in three of the in-
cluded studies. Extracted data included all clinician and 
patient-reported outcomes in eligible studies. Histological 
and microbiological outcomes were also extracted if they 
were provided in conjunction with a clinical or radio-
graphic outcome. Data were also collected on the range 
of instruments (radiographs, questionnaires, pulp testers, 
etc.) used for outcome measurement and the duration of 
the follow up. Instruments included pain measurement 
scales, unspecified pain questionnaires, radiography, 
cone-beam computer tomography, histopathological as 
well as clinical and photographic assessments. In addi-
tion, demographic and other data to facilitate description 
of the included studies was collected including, country of 
study and the method of data synthesis.

Categorization into domains

Outcomes data collected was aligned with a healthcare 
taxonomy (Dodd et al.,  2018). The taxonomy involves 
grouping outcomes into five core areas: survival, clini-
cal/physiological changes, life impact, resource use and 
adverse events. Each core area has both disease and 
treatment-specific domains for outcomes. The outcomes 
in each domain were collated and presented in table 
forms.

RESULTS

Literature search

The initial search of the data bases using the search strat-
egy shown in Table S1 yielded 433 articles. After removal 
of duplicates, 367 abstracts and titles were available for 
screening, of which 320 were excluded for reasons sum-
marized in Figure  1. The remaining 47 full text articles 
were then assessed for eligibility, and 11 that did not meet 
the review criteria were excluded (Table S2). Finally, 36 
systematic reviews were included in this scoping review.

Characteristics of included studies

The characteristics of the included systematic reviews 
are shown in Table 1. Of these, 10 reported on INDPC/
selective or stepwise caries removal (Table  1A), nine 
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on DPC (Table  1B), eight on pulpotomy (Table  1C) 
and nine on a combination of VPTs (Table 1D). There 
was a wide geographical distribution of authors across 
Asia, Europe, North and South America. The number 
of studies included in each review varied (range: 2 to 
37). The type of included studies within the reviews 
also varied and included randomized controlled trials 
(RCT) (n = 85), controlled clinical trial (CCT) (where it 
was not explicit that the trial was randomized) (n = 14), 
cohort studies (n = 47) and case series (n = 15) out of 
a total of 161 studies. A list of these studies and an ad-
ditional 10 studies identified from the reference lists 
of the included systematic reviews are available in 
Tables S3 and S4. A meta-analysis was conducted in 22 
of the systematic reviews included in this scoping re-
view (Table S4).

Synthesis of results

Outcome domains for pulpotomy, DPC and INDPC were 
shown in Tables 2–4, respectively, and described in detail 
as follows.

Survival

In the survival core area, the outcome domain was 
‘tooth survival’ and ‘pulp survival’. Tooth survival was 
reported in 2 INDPC studies, 4 DPC studies and 1 pul-
potomy study. Pulp survival was reported only in DPC 
studies (n  =  5). Several studies (4 INDPC, 7 DPC, 4 
pulpotomy) did not define the type of ‘survival’ being 
measured.

F I G U R E  1   PRISMA flow diagram.
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Clinical and physiological changes

Most of the outcome domains were reported in this core 
area. Whilst there was some commonality with the reported 
outcomes, slight differences existed between different VPT 
modalities (Tables  2–4). ‘Pain’, maintenance of ‘tooth vi-
tality’ and ‘radiographic assessment’ were frequently re-
ported outcomes across all three VPT methods. ‘Pain’ was 
reported in 21 INDPC studies, 45 DPC studies and 45 pul-
potomy studies. The ‘tooth vitality’ domain was reported in 
28 INDPC, 48 DPC and 23 pulpotomy studies. Radiographic 
assessment was also reported for all three treatments. This 
assessment was carried out for a variety of indications in-
cluding radiographic evidence of apical periodontitis in 19 
INDPC, 44 DPC and 47 pulpotomy studies. ‘Continued root 
development’ in cases of immature teeth was reported for 2 
INDPC, 4 DPC and 17 pulpotomy studies. Other outcome 
domains within this core area reported across all treatment 
types include ‘evidence of infection’, ‘tertiary dentine forma-
tion’, ‘tooth mobility’ and ‘integrity or quality of the tooth 
restoration’. Treatment-specific outcomes included ‘pulp 
exposure during caries excavation’, which was reported only 
in the INDPC studies, and ‘change in carious lesion depth’ 
which was reported in both the DPC and INDPC studies.

Life impact

The most commonly reported outcome domain in this area 
across all treatment types was success/healing following 
the intervention assessed clinically and radiographically 
(n = 16, 30, 24) for INDPC, DPC and pulpotomy studies, 
respectively. The definition of success differed between 
studies and between treatment modalities. ‘Presence of a 
functional tooth’ was occasionally reported as was ‘discol-
ouration’, and ‘satisfaction with treatment’ (Tables 2–4).

Use of resources

The ‘need for further intervention’ was the most com-
monly reported outcome being reported in 13 IDPC, 22 
DPC and 14 pulpotomy studies. ‘Use of analgesics’ during 
the postoperative period and ‘time to complete the proce-
dure’ were also reported across all treatment types, whilst 
‘cost-effectiveness’ was reported in one pulpotomy study 
only.

Adverse effects

Outcomes were rarely reported in this core area but in-
cluded, ‘intra-chamber or pulpal calcification’ (n  =  10, 

9) and ‘pathological narrowing of the pulp chamber’ 
(n = 3, 11) reported in DPC and pulpotomy, respectively. 
Resorption was reported across all three treatment types 
(n = 3, 11, 20), whilst development of the carious lesion 
was reported only in INDPC and DPC studies (n = 13, 3).

How were the outcomes measured?

Different methods have been used to measure the reported 
outcomes. Pain for example, was measured using VAS 
(n = 11) and NRS (n = 3). Some studies used unspecified 
questionnaires (n = 2), but in most of the studies (n = 94) 
pain was reported from patient history using no meas-
urement instrument. Several studies reported presence 
of symptoms that were not specified (n  =  9, 36, 20) for 
IDPC, DPC and pulpotomy, respectively. Clinical exami-
nation was used in most studies to assess outcomes such 
as pain on percussion and palpation, and presence of signs 
of infection such as swelling and sinus tract. Radiographic 
assessment was carried out for various indications but 
mainly for evidence of periapical changes indicative of 
disease or healing (n  =  110). Other studies reported on 
root resorption, pathological and physiological narrowing 
of the pulp chamber, pulpal calcifications, and root devel-
opment. Assessment of pulpal status was measured using 
multiple methods including singular or combinations of 
thermal, electric and Doppler flowmetry tests. Cold only 
tests were employed in 33 studies, hot and cold tests com-
bined (n = 2), electric only (n = 12), cold and heat tests 
combined with electric (n  =  3). Doppler flowmetry was 
employed in two studies. In many studies the type of ther-
mal test used was not specified (n = 6) whereas in others 
the method used for assessing vitality/sensibility was not 
specified (n = 21). One pulpotomy study involved probing 
the calcific barrier for evidence of vitality whilst a further 
21 studies did not specify the method of measurement in 
reporting this outcome. Although the level of pulpal in-
flammation can be assessed objectively by measurement 
of selected biomarker levels, none of the included stud-
ies reported adoption of this measure. Outcomes related 
to life impact such as functionality of the tooth were re-
ported from the patient history. No study reported global 
quality-of-life measures.

When are the outcomes measured?

The minimum and maximum follow up time for outcomes 
depended largely on the nature of the outcome and treat-
ment modality. Pain and symptoms of pulpal disease were 
usually reported for short-, as well as long-term (range: 
1 day to 29 years). Histological outcomes were frequently 
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T A B L E  1   Characteristics of systematic reviews on (A) indirect pulp capping /selective caries removal (n = 10); (B) direct pulp capping 	
(DPC) (n = 9); (C) pulptomy (n = 8); (D) combining different VPTs (n = 9)

Author Year Country Journal name

VPT 
modality 
reported Outcomes reported in review

Number and type of eligible studies

Meta-analysis Follow upNo. RCT CCT CS Case series

(A)

Barros et al., 2020 2020 Brazil Clinical Oral 
Investigations

INDPC Maintenance of pulp health (clinically and radiographically) pulp 	
exposure, dentin deposition, microbiological examination, quality 	
of the restoration

10 9 1 Yes 3 months–5 years

da Rosa et al., 2019 2019 Brazil International 
Endodontic 
Journal

INDPC Dentine hardening and thickness 2 2 — — — Yesb 3–71 months

Hayashi et al., 2011 2011 Japan Journal of Dentistry INDPC Pulp exposure, postoperative pain or discomfort, amounts of cariogenic 	
bacteria in a cavity, colour and hardness of carious dentin, 	
remineralization of softened dentin, regeneration of tertiary dentin, 	
and retention of sealing material, vitality

7 1 1 — 5 No 4 months–11 yearsa

Hoefler et al., 2016 2016 USA Journal of Dentistry INDPC Restorative failures and loss of pulp vitality 5 2 — — 3 No 2–10 years

Kiranmayi et al., 2019 2019 India Journal of 
International Oral 
Health

INDPC Success or failure of pulp capping≠ 6 6 — — — Yes 2–24 months

Li et al., 2018 2018 China Acta Odontologica 
Scandinavica

INDPC Risk of pulp exposure, risk of pulpal symptoms. (clinical or radiological 	
pulp symptoms such as pain, irreversible pulpitis and loss of vitality), 	
and failure (technical or biological complications demanding 	
intervention

2 2 — — — Yes 6–24 months

Ricketts et al., 2013 2013 United 
Kingdom

Cochrane Systematic 
Reviews

INDPC Pulpal exposure, signs and symptoms pulpal disease, progression 	
caries, restoration failure, health economics, OHQoL, patient/carer 	
and dentist perception of treatment, patient discomfort during treatment

4 4 — — — Yes 3 months–11 yearsa

Ricketts et al., 2007 2007 United 
Kingdom

Cochrane Systematic 
reviews

INDPC Exposure of the pulp during caries removal. Patient experience of 	
symptoms of pulpal inflammation or necrosis. Progression of caries 	
under the filling. Time until the filling is lost or replaced

2 2 — — — Yes 12 months–11 yearsa

Schwendicke, Dorfer, 
& Paris, 2013

2013 Germany Journal of Dental 
Research

INDPC Pulpal exposure during treatment; postoperative pulpal symptoms 	
(clinical or radiological pulp symptoms requiring treatment and 	
failure (technical or biological complications demanding intervention)

4 4 — — — Yes 6 months–10 years

Schwendicke, 
Meyer-Lueckel, et 
al., 2013

2013 Germany Journal of Dentistry INDPC Clinical or radiological failure. Events or conditions associated with 	
previous treatment of deep caries, which require re-treatment. 	
Pulpal failures included pain, clinical or radiological signs of loss of 	
vitality, or abscess or sinus formation leading to re-treatment. 	
Nonpulpal failures included fracture of the tooth or the restoration, 	
loss of the restoration or its integrity, or secondary as well as 	
progressing residual caries leading to re-treatment

14 7 1 6 Yes 6 months–10 years

(B)

Cushley et al., 2020 2020 United 
Kingdom

International 
Endodontic 
Journal

DPC Clinical and radiographic success of DPC 14 5 — 9 — Y 6–120 months

Deng et al., 2016 2016 China Journal of American 
Dental Association

DPC Success or failure treatment 5 5 — — — Y 6 months–4 years

Edwards et al., 2020 2020 United 
Kingdom

Endodontic Practice 
Today

DPC Tooth survival, pulp survival, clinical success, cost effectiveness 4 4 — — N 7 days–36 months

Javed et al., 2017 2017 United States 
of America

Lasers in Medical 
Science

DPC Pulp vitality and healing response to laser therapy 6 5 — —1 — Y 0.5–54 months

Li et al., 2015 2015 China Journal of Endodontics DPC Success rate, inflammatory response, and dentin bridge formation 9 4 2 3 — Y 1 day–123 monthsa

Mahmoud et al., 2018 2018 Egypt Journal of Conservative 
Dentistry

DPC Clinical symptoms and/or radiographic evidence 6 — — 6 — N 8–540 days

Matsuura et al., 2019 2019 Japan Journal of Oral Science DPC Clinical and radiographic success 7 7 — — — N 6–36 months

Schwendicke 	
et al., 2016

2016 Germany Clinical Oral 
Investigations

DPC Clinical and radiographic success (no pain or signs of irreversible pulpitis 
or lost vitality, no abscess/sinus, no radiographic pathologies).
Costs/time required for capping and subjective handling of different 
capping materials

5 4 1 — — Y 3–24 months

Zhu et al., 2015 2015 China International Journal 
of Clinical 
Medicine

DPC Clinical success and dentine bridge formation radiographically 3 3 — — — Y 1 week–2 yearsa

(C)

Alqaderi et al., 2016 2016 United States 
of America

Journal of Dentistry CP Success ratec 6 1 — 5 — Y 1–88 months

https://www.tandfonline.com/iode20
https://www.tandfonline.com/iode20
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T A B L E  1   Characteristics of systematic reviews on (A) indirect pulp capping /selective caries removal (n = 10); (B) direct pulp capping 	
(DPC) (n = 9); (C) pulptomy (n = 8); (D) combining different VPTs (n = 9)

Author Year Country Journal name

VPT 
modality 
reported Outcomes reported in review

Number and type of eligible studies

Meta-analysis Follow upNo. RCT CCT CS Case series

(A)

Barros et al., 2020 2020 Brazil Clinical Oral 
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exposure, dentin deposition, microbiological examination, quality 	
of the restoration

10 9 1 Yes 3 months–5 years

da Rosa et al., 2019 2019 Brazil International 
Endodontic 
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INDPC Dentine hardening and thickness 2 2 — — — Yesb 3–71 months

Hayashi et al., 2011 2011 Japan Journal of Dentistry INDPC Pulp exposure, postoperative pain or discomfort, amounts of cariogenic 	
bacteria in a cavity, colour and hardness of carious dentin, 	
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and retention of sealing material, vitality

7 1 1 — 5 No 4 months–11 yearsa

Hoefler et al., 2016 2016 USA Journal of Dentistry INDPC Restorative failures and loss of pulp vitality 5 2 — — 3 No 2–10 years

Kiranmayi et al., 2019 2019 India Journal of 
International Oral 
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Li et al., 2018 2018 China Acta Odontologica 
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pulp symptoms such as pain, irreversible pulpitis and loss of vitality), 	
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2 2 — — — Yes 6–24 months
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Kingdom
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Kingdom
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INDPC Exposure of the pulp during caries removal. Patient experience of 	
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(clinical or radiological pulp symptoms requiring treatment and 	
failure (technical or biological complications demanding intervention)
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al., 2013

2013 Germany Journal of Dentistry INDPC Clinical or radiological failure. Events or conditions associated with 	
previous treatment of deep caries, which require re-treatment. 	
Pulpal failures included pain, clinical or radiological signs of loss of 	
vitality, or abscess or sinus formation leading to re-treatment. 	
Nonpulpal failures included fracture of the tooth or the restoration, 	
loss of the restoration or its integrity, or secondary as well as 	
progressing residual caries leading to re-treatment

14 7 1 6 Yes 6 months–10 years

(B)

Cushley et al., 2020 2020 United 
Kingdom

International 
Endodontic 
Journal

DPC Clinical and radiographic success of DPC 14 5 — 9 — Y 6–120 months

Deng et al., 2016 2016 China Journal of American 
Dental Association

DPC Success or failure treatment 5 5 — — — Y 6 months–4 years

Edwards et al., 2020 2020 United 
Kingdom

Endodontic Practice 
Today

DPC Tooth survival, pulp survival, clinical success, cost effectiveness 4 4 — — N 7 days–36 months

Javed et al., 2017 2017 United States 
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Lasers in Medical 
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DPC Pulp vitality and healing response to laser therapy 6 5 — —1 — Y 0.5–54 months

Li et al., 2015 2015 China Journal of Endodontics DPC Success rate, inflammatory response, and dentin bridge formation 9 4 2 3 — Y 1 day–123 monthsa

Mahmoud et al., 2018 2018 Egypt Journal of Conservative 
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DPC Clinical symptoms and/or radiographic evidence 6 — — 6 — N 8–540 days
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2016 Germany Clinical Oral 
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DPC Clinical and radiographic success (no pain or signs of irreversible pulpitis 
or lost vitality, no abscess/sinus, no radiographic pathologies).
Costs/time required for capping and subjective handling of different 
capping materials

5 4 1 — — Y 3–24 months

Zhu et al., 2015 2015 China International Journal 
of Clinical 
Medicine

DPC Clinical success and dentine bridge formation radiographically 3 3 — — — Y 1 week–2 yearsa

(C)

Alqaderi et al., 2016 2016 United States 
of America

Journal of Dentistry CP Success ratec 6 1 — 5 — Y 1–88 months

(Continues)

https://www.tandfonline.com/iode20
https://www.tandfonline.com/iode20
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Author Year Country Journal name

VPT 
modality 
reported Outcomes reported in review

Number and type of eligible studies

Meta-analysis Follow upNo. RCT CCT CS Case series

Chen et al., 2019 2019 China BMC Oral Health CP Clinical and radiographic successd 5 5 — — — Y 6–24 months

Cushley et al., 2019 2019 United 
Kingdom

Journal of Dentistry CP Long-term success of pulpotomye 8 3 — 5 — N 12–60 months

Elmsmari et al., 2019 2019 United Arab 
Emirates

Journal of Endodontics PP Success rate 9 5 — — 4 Y 3–154 months

Li et al., 2019 2019 China Journal of Dentistry CP Clinical or radiographic success at 12 monthsf 16 16 — — — Y 1–60 months

Taylor et al., 2020 2020 United 
Kingdom

International Journal 
of Paediatric 
Dentistry

CP & PP Clinical success defined as the tooth being in situ at the end of the study. 	
Assumption that for the tooth to remain in situ it was symptom free 	
and showed no signs of new or progressive infection

9 3 — 5 1 N 1 day–140 months

Zafar et al., 2020 2020 Pakistan Journal of Conservative 
Dentistry

CP Lack of clinical and radiographic signs of failure. Healing or resolution 	
of periapical rarefaction

6 2 — 4 — N 1–10 years

Zanini et al., 2019 2019 France Acta Odontologica 
Scandinavica

CP Clinical and histological success 32 10 1 20 1 N 1 day–96 monthsa

(D)

Aguilar & 
Linsuwanont, 2011

2011 Thailand Journal of Endodontics DPC
CP

Clinical and radiographic success of treatment 22 4 — 5 1 Y >6 months–>3 years

Bergenholtz 	
et al., 2013

2013 Sweden Singapore Dental 
Journal

INDPC, DPC, 
CP

Survival of the pulp, verified by absence of symptoms, sensibility 	
testing, radiographic examination or closure of the roots in young teeth

10 8 1 — 1 N 1–3.6 years

Brodén et al., 2016 2016 Sweden American Journal of 
Dentistry

DPC, CP Treatment outcome was based on radiographic examination and/or 	
sensitivity testing for teeth treated by pulp capping procedures and 	
radiographic examination and the presence/absence of clinical 	
symptoms for the root filled teeth

10 2 — — 8 N 12–140 months

Didilescu et al., 2018 2018 Romania Journal of American 
Dental Association

DPC, PP Hard tissue formation 18 7 11 — — Y 5–136 days

Fransson et al., 2016 2016 Sweden International 
Endodontic 
Journal

DPC, CP Formation hard tissue barrier 15 10 5 — — N 1 day–6 months

Mahgoub et al., 2019 2019 China Journal of 
International 
Society of 
Preventive & 
Community 
Dentistry

DPC, CP Dentine bridge formation, treatment success, mineralization, and the 	
presence of inflammatory cells

2 1 — 1 — N 3 weeks–3 years

Miyashita et al., 2007 2007 Japan Cochrane systematic 
reviews

DPC, 
INDPC

Clinical success, extraction, patient satisfaction, adverse events 4 3 — 1 — Y 6 months–3 years

Munir et al., 2020 2020 Switzerland Journal of Clinical 
Medicine

DPC, CP Pulp survival after intervention 26 25 1 — — N 1 day–5 yearsa

Paula et al., 2018 2018 Portugal Journal of Evidence 
Based Dental 
Practice

DPC, CP Preservation of pulp vitality (success rate, absence of inflammatory 	
response, and dentinal bridge formation)

37 25 4 8 — Y 30–2400 days

Note: (A) ≠Secondary outcomes included: (1) overall, clinical, or radiographic success at longer follow up periods; and (2) root growth or apical closure 	
(for immature permanent teeth only). Clinical success was described as devoid of clinical manifestations such as pain on percussion/palpation and 	
spontaneous pain, and devoid of need for further root canal treatment. Radiographic success was defined as healing or resolution of radiographic 	
periapical lesions, and devoid of need for further root canal treatment. Overall success was defined as achievement of both clinical and radiographic success.
Abbreviations: CCT, Case control studies; CP, Complete pulpotomy; CS, Cohort studies; DPC, Direct Pulp Capping; INDPC, Indirect pulp capping; OHQoL, 	
Oral health quality of life; PP, Partial Pulpotomy; RCT, Randomized control trials; VPT, Vital pulp treatment.
aData not stated in review and collated from included studies.
bThe eligible studies for this review were not included in the meta-analysis.
cSuccess was defined as no radiographic abnormality or clinical symptoms, such as spontaneous pain, tenderness to percussion or palpation, resolution 	
(decrease in size or elimination) of an existing radiographic periapical lesion, and no need for further pulpectomy and RCT of the treated teeth.
dSuccess was defined as no pain, no abscess or fistulation, no excessive tooth mobility and no swelling. Radiographic success was considered if the teeth 	
showed no evidence of apical and furcal radiolucency, internal or external root resorption, periodontal ligament widening, or periapical bone destruction.
eSuccess was defined as; (1) radiographic success in which there was no abnormality suggestive of apical periodontitis as well as resolution (decrease in size 	
or elimination) of an existing radiographic periapical lesion, and (2) clinical success where there were no clinical symptoms of spontaneous pain, tenderness 	
to percussion and/or no swelling or sinus tract. Long-term success is also defined by minimum 12-month follow up period.
fFailures were considered when there were clinical symptoms such as pain, tenderness and radiolucency in the periapical region including the widening of 	
periodontal ligament. All the six studies evaluated the thickness of tertiary dentin formed after INDPC by tooth sensibility tests, pain evaluation by visual 	
analogue scale, percussion test, and radiographically assessed the presence or absence of periapical radiolucency and thickness of tertiary dentin after 	
INDPC procedure.

T A B L E  1  (Continued)

https://www-sciencedirect-com.queens.ezp1.qub.ac.uk/topics/medicine-and-dentistry/periapical-periodontitis


      |  899CUSHLEY et al.

Author Year Country Journal name

VPT 
modality 
reported Outcomes reported in review

Number and type of eligible studies

Meta-analysis Follow upNo. RCT CCT CS Case series

Chen et al., 2019 2019 China BMC Oral Health CP Clinical and radiographic successd 5 5 — — — Y 6–24 months

Cushley et al., 2019 2019 United 
Kingdom

Journal of Dentistry CP Long-term success of pulpotomye 8 3 — 5 — N 12–60 months

Elmsmari et al., 2019 2019 United Arab 
Emirates

Journal of Endodontics PP Success rate 9 5 — — 4 Y 3–154 months

Li et al., 2019 2019 China Journal of Dentistry CP Clinical or radiographic success at 12 monthsf 16 16 — — — Y 1–60 months

Taylor et al., 2020 2020 United 
Kingdom

International Journal 
of Paediatric 
Dentistry

CP & PP Clinical success defined as the tooth being in situ at the end of the study. 	
Assumption that for the tooth to remain in situ it was symptom free 	
and showed no signs of new or progressive infection

9 3 — 5 1 N 1 day–140 months

Zafar et al., 2020 2020 Pakistan Journal of Conservative 
Dentistry

CP Lack of clinical and radiographic signs of failure. Healing or resolution 	
of periapical rarefaction

6 2 — 4 — N 1–10 years

Zanini et al., 2019 2019 France Acta Odontologica 
Scandinavica

CP Clinical and histological success 32 10 1 20 1 N 1 day–96 monthsa

(D)

Aguilar & 
Linsuwanont, 2011

2011 Thailand Journal of Endodontics DPC
CP

Clinical and radiographic success of treatment 22 4 — 5 1 Y >6 months–>3 years

Bergenholtz 	
et al., 2013

2013 Sweden Singapore Dental 
Journal

INDPC, DPC, 
CP

Survival of the pulp, verified by absence of symptoms, sensibility 	
testing, radiographic examination or closure of the roots in young teeth

10 8 1 — 1 N 1–3.6 years

Brodén et al., 2016 2016 Sweden American Journal of 
Dentistry

DPC, CP Treatment outcome was based on radiographic examination and/or 	
sensitivity testing for teeth treated by pulp capping procedures and 	
radiographic examination and the presence/absence of clinical 	
symptoms for the root filled teeth

10 2 — — 8 N 12–140 months

Didilescu et al., 2018 2018 Romania Journal of American 
Dental Association

DPC, PP Hard tissue formation 18 7 11 — — Y 5–136 days

Fransson et al., 2016 2016 Sweden International 
Endodontic 
Journal

DPC, CP Formation hard tissue barrier 15 10 5 — — N 1 day–6 months

Mahgoub et al., 2019 2019 China Journal of 
International 
Society of 
Preventive & 
Community 
Dentistry

DPC, CP Dentine bridge formation, treatment success, mineralization, and the 	
presence of inflammatory cells

2 1 — 1 — N 3 weeks–3 years

Miyashita et al., 2007 2007 Japan Cochrane systematic 
reviews

DPC, 
INDPC

Clinical success, extraction, patient satisfaction, adverse events 4 3 — 1 — Y 6 months–3 years

Munir et al., 2020 2020 Switzerland Journal of Clinical 
Medicine

DPC, CP Pulp survival after intervention 26 25 1 — — N 1 day–5 yearsa

Paula et al., 2018 2018 Portugal Journal of Evidence 
Based Dental 
Practice

DPC, CP Preservation of pulp vitality (success rate, absence of inflammatory 	
response, and dentinal bridge formation)

37 25 4 8 — Y 30–2400 days

Note: (A) ≠Secondary outcomes included: (1) overall, clinical, or radiographic success at longer follow up periods; and (2) root growth or apical closure 	
(for immature permanent teeth only). Clinical success was described as devoid of clinical manifestations such as pain on percussion/palpation and 	
spontaneous pain, and devoid of need for further root canal treatment. Radiographic success was defined as healing or resolution of radiographic 	
periapical lesions, and devoid of need for further root canal treatment. Overall success was defined as achievement of both clinical and radiographic success.
Abbreviations: CCT, Case control studies; CP, Complete pulpotomy; CS, Cohort studies; DPC, Direct Pulp Capping; INDPC, Indirect pulp capping; OHQoL, 	
Oral health quality of life; PP, Partial Pulpotomy; RCT, Randomized control trials; VPT, Vital pulp treatment.
aData not stated in review and collated from included studies.
bThe eligible studies for this review were not included in the meta-analysis.
cSuccess was defined as no radiographic abnormality or clinical symptoms, such as spontaneous pain, tenderness to percussion or palpation, resolution 	
(decrease in size or elimination) of an existing radiographic periapical lesion, and no need for further pulpectomy and RCT of the treated teeth.
dSuccess was defined as no pain, no abscess or fistulation, no excessive tooth mobility and no swelling. Radiographic success was considered if the teeth 	
showed no evidence of apical and furcal radiolucency, internal or external root resorption, periodontal ligament widening, or periapical bone destruction.
eSuccess was defined as; (1) radiographic success in which there was no abnormality suggestive of apical periodontitis as well as resolution (decrease in size 	
or elimination) of an existing radiographic periapical lesion, and (2) clinical success where there were no clinical symptoms of spontaneous pain, tenderness 	
to percussion and/or no swelling or sinus tract. Long-term success is also defined by minimum 12-month follow up period.
fFailures were considered when there were clinical symptoms such as pain, tenderness and radiolucency in the periapical region including the widening of 	
periodontal ligament. All the six studies evaluated the thickness of tertiary dentin formed after INDPC by tooth sensibility tests, pain evaluation by visual 	
analogue scale, percussion test, and radiographically assessed the presence or absence of periapical radiolucency and thickness of tertiary dentin after 	
INDPC procedure.

https://www-sciencedirect-com.queens.ezp1.qub.ac.uk/topics/medicine-and-dentistry/periapical-periodontitis
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T A B L E  2   Outcomes of INDPC/selective/stepwise caries removal

Core area Outcome domain How it is measured
Number of articles 
reporting outcome

Minimum/maximum 
follow up

Survival Tooth survival Tooth present 2 1.5–10 years
NS 4 6–62 months

Physiological/
clinical changes

Pain Patient report 19 1 week–5 years
VAS 2

Symptoms Patient report 9 1 day–62 month
Infection-swelling, sinus, fistula or 

abscess
Clinical assessment 6 3 months–3 years

Radiographic evidence disease 
progression

Radiographic assessment 19 2–62 months

Vitality/sensibility Cold test only 15 1 week–10 years
Heat and cold test 1
Cold test and EPT 6
Heat and cold test and EPT 1
Cold test or EPT 2
Thermal unspecified and 

EPT
1

NS 2
Tenderness to percussion /palpation Clinical assessment 4 1 week–5 years

TTP and palpation 6
TTP only —
Palpation only —

Mobility NS 6 3 months–3 years
Continued root development or 

apexogenesis
Radiographic assessment 2 2 months–11 years

Remineralisation/ hard tissue/dentine 
barrier formation

Radiographic assessment 10 3 months–10 years
Clinical assessment 11
Radiographic and CBCT 1
Histological assessment 2

Histological evidence of carious 
process in dentine

Microbiology 10 3–12 months

Integrity /quality of restoration NS 5 2 months–10 years
Exposure during caries excavation or 

temporary restoration removal
Clinical assessment 12 Baseline–6 months

Life impact Success Clinical and radiographic 
assessment

12 1 week–11 years

Clinical assessment — —
Radiographic assessment — —
NS 4 6–62 months

Aesthetics- discolouration Clinical assessment- 
photographic 
comparison

1 6 months

Resources use Need for further intervention Clinical and radiographic 
assessment

13 1 week–10 years

Time to complete procedure CROM- timed procedure 1 18 months
Use of analgesics after procedure Patient report 1 1 week–1 year

Adverse effects Resorption Radiographic assessment 3 2 months–3 years
Change in lesion depth/ secondary 

caries
Radiographic assessment 7 3 months–10 years
NS 5
Radiographic and CBCT 1

Abbreviations: CBCT, Cone-beam computed tomography; CROM, Clinician reported outcome measures; EPT, Electric pulp test; NS, not specified; TTP, tender 
to percussion; VAS, visual analogue scale.
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reported in the short- to medium-term (range: 1 week to 
20 months) whilst evidence of tissue healing usually re-
quires a long-term follow up. There is inconsistency in 
the timing of reporting, even within the early and late out-
come categories.

Outcome reporting bias

An assessment of selective reporting bias within the in-
cluded reviews is outlined in Tables 5. The outcomes re-
ported in this review covered all the five core healthcare 
areas, albeit with a high level of heterogeneity (Tables 2–4). 	
All the reviews assessing risk of selective reporting bias 
for RCT followed by Cochrane's Risk of Bias tool. Several 
reporting methodologies were used for other study de-
signs including Newcastle-Ottawa Scale (n  =  4), modi-
fied Downs & Black (n  =  3), Methodological Index for 
Non-Randomized Studies MINORS (n = 2), Risk of Bias 
in Non-Randomized Studies-of Interventions ROBINS-I 
(n  =  3) and Critical Appraisal Skills Programme CASP 
(n = 1).

Of the included reviews, 10 failed to completely re-
port on the risk of selective reporting bias. Due to the 
measurement scale adopted, selective reporting bias was 
not specified in four reviews. Lack of reporting of selec-
tive reporting bias seemed to be a problem with the sys-
tematic reviews that reported on a combination of VPTs 
(Table 5D).

DISCUSSION

Summary of evidence

This scoping review has identified outcomes of VPT re-
ported in clinical studies and how and when these out-
comes were measured. A large number of systemic reviews 
representing a variable number of clinical studies were el-
igible for inclusion. The outcomes reported in these stud-
ies fell within the five core areas defined in the taxonomy 
developed for health interventions (Dodd et al.,  2018). 
There is evidence of heterogeneity in the outcome defini-
tions and reporting across the three VPT modalities inves-
tigated. The same was also noted for the instruments and 
timing used for measuring the reported outcomes.

The results of the current review will be used to iden-
tify outcomes for the development of a COS for endodontic 
treatments (El Karim, Duncan, et al., 2021). The findings of 
the review demonstrated clear lack of consensus and stan-
dardization in outcomes reporting in the included studies, 
highlighting the need for a COS for VPT. The review has 
also shown that the majority of the outcomes reported are 

clinician-reported outcomes with fewer reports focussing 
on patient-reported outcomes. For instance, tooth sur-
vival is one of the most important patient-reported out-
comes (Ng et al., 2011), but was reported by few studies. 
In some studies where “survival” was mentioned, there 
was no specific reference to whether it was tooth or pulp 
survival. The most important patient-reported outcome is 
oral health-related quality of life (OHRQoL), which is a 
significant contributor to overall health-related quality of 
life (John, 2020). Surprisingly, none of the clinical stud-
ies assessed the global quality of life of patients after un-
dergoing VPT whilst a small number did report on tooth 
function, tooth discolouration and treatment satisfaction 
postintervention.

A range of different instruments have been used for 
the measurement of outcomes. In most of the studies, 
pain experience was only obtained through patient his-
tory. Some studies used a numerical rating scale (NRS) 
and nonspecified questionnaires, whilst the visual an-
alogue scale (VAS), which is more sensitive than other 
pain scales (Price et al.,  1994), was used in few studies. 
This lack of standardization in reporting pain is a major 
problem for meta-analysis in systematic reviews reporting 
on endodontic pain (Vishwanathaiah et al., 2021). There 
are many other patient-reported outcomes such as cost ef-
fectiveness of treatment and satisfaction with treatment 
which are not reported in most of the studies. It is also 
not clear whether all outcomes are accounted for in these 
studies because assessment for selective reporting bias re-
vealed many of the reviews did not report this and many 
others found high selective reporting bias.

The optimal time for measuring a specific outcome 
or end point is important for patient-reported outcomes 
(Browne et al.,  2013), but it is evident from this review 
that a range of timings and follow ups have been used in 
research. Whilst there is no clear indication of the opti-
mal time to measure long-term vs short-term outcomes, a 
recent publication has identified time points appropriate 
for VPT follow up (Duncan, Nagendrababu, et al., 2021).

Although a recent scoping review reported on the 
outcomes of endodontic treatments (Azarpazhooh 
et al., 2022), the review reported here is the first to adopt 
the health intervention taxonomy to summarize outcomes 
into a format compatible with COS development covering 
the breadth of VPTs.

Strengths of review

The review design was appropriately based on the need to 
conduct a preliminary assessment of the available litera-
ture and capture data from a wide range of study designs, 
adopting a range of methodologies. A robust, transparent 
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T A B L E  3   Outcomes for DPC

Core area Outcome domain How it is measured

Number 
of articles 
reporting 
outcome

Min/max follow up 
(day; week; month; 
year)

Survival Tooth survival Pulp 5 6 months–9 years

Tooth 4 0.4–22 years

NS 7 1–3 years

Physiological/
Clinical 
changes

Pain VAS 4 1–7 days

Questionnaire 1 8–30 days

Patient report 39 1 day–16.6 years

Verbal pain scale 1 1–6 weeks

Symptoms Patient report 36 1 week–7.4 years

Infection-swelling, sinus, fistula or abscess Clinical examination 16 1 week–123 months

Radiographic evidence of disease 
progression

Radiographic assessment 44 3 weeks–22 years

Vitality/sensibility Cold test only 16 1 week–22 years

EPT only 7

Cold test and EPT 4

Cold test or EPT 3

Thermal unspecified and 
EPT

3

Heat and cold test and 
EPT

2

EPT &/or heat or cold 1

Thermal unspecified and 
Doppler flowmetry

1

Cold test and Doppler 
flowmetry

1

NS 10

Tenderness to percussion/palpation TTP and palpation 8 1 week–16.6 years

TTP only 14

Palpation only 1

Mobility Clinical examination/NS 7 3–123 months

Periodontal probing depths/attachment 
loss

Clinical examination 5 1–22 years

Continued root development or 
apexogenesis

Radiographic assessment 4 6 months–22 years

Evidence of inflammatory response Histology 28 1–300 days

Clinical 2

Hard tissue/dentine barrier formation/
remineralisation

Radiographic assessment 8 30 days–22 years

Radiographic and 
clinical

1 2 months

Histological assessment 24 7 days–6 months

Histological and CBCT 2 2 weeks

Integrity /quality of restoration Clinical and 
radiographic

4 12–123 months

Clinical only 5 1 week–8 months
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and reproducible methodology was employed throughout 
the review process. Thorough database searches com-
bined with the screening of the reference lists of the 36 in-
cluded reviews and use of an electronic library minimized 
the risk of missing studies. Finally, including the full 
range of study designs more closely mimics clinical prac-
tice optimizing the likelihood of inclusion of any study 
which reported clinical and/or radiographic outcomes as 
a minimum.

Limitations of review

Whilst systematic reviews bring together the findings of 
primary research, the applicability and reliability of their 
conclusions is only as accurate as the included studies. 

Having based our search strategy on existing systematic 
reviews, the accuracy of this review is reliant on the origi-
nal review authors' development of a focussed and com-
prehensive search strategy. However, these authors did 
employ inclusive and appropriate search terms across the 
breadth of health-related databases minimizing the like-
lihood of missing literature. Language restrictions were 
applied in several of the systematic reviews, and in this re-
view, which was limited to reviews published in English. 
Although often done for practical reasons, this does ex-
clude research in this area that was published in other lan-
guages. Restricting inclusion to published reviews only also 
risks the introduction of publication bias. Heterogeneity 
in the terminology used within studies to describe seem-
ingly similar constructs was apparent. Criteria of success 
of treatment for example, when reported, differed across 

Core area Outcome domain How it is measured

Number 
of articles 
reporting 
outcome

Min/max follow up 
(day; week; month; 
year)

Life impact Presence of a functional tooth NS 2 12–123 months

Success Clinical/ radiographic 
assessment

18 1 week–6 years

Clinical only 4 0.4–16.6 years

Radiographic only 1 3 years

NS 7 1 month–5 years

Aesthetics- discolouration Clinical assessment 9 1 month–7 years

Visual comparison, 
photographs

Satisfaction with treatment History and 
questionnaire

1 8–30 days

Resource use Need for further intervention Clinical or radiographic 
assessment

22 1 month–22.2 years

Time to complete procedure Timed by clinician 1 Baseline

Patient comfort Questionnaire 1 Baseline

Emergency attendance for any treatment 
related to tooth

CROM 1 6–36 months

Need for analgesic medication in postop 
period

History 4 1 week–1 year

Adverse 
effects

Calcification Radiographic assessment 10 6–72 months

Resorption Radiographic assessment 10 6 month–22 years

Histological assessment 1 7–65 days

Pathological narrowing pulp chamber or 
canals/ obliteration

Radiographic assessment 3 6 months–3 years

Secondary caries Clinical and 
radiographic 
assessment

3 1–123 months

Abbreviations: CBCT, Cone-beam computed tomography; CROM, Clinician reported outcome measure; EPT, electric pulp test; NS, Not specified; TTP, tender 
to percussion; VAS, Visual analogue Scale.

T A B L E  3  (Continued)
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T A B L E  4   Outcomes of pulpotomy

Core area Outcome domain How it is measured
Number of articles 
reporting outcome

Min/max follow up (day; 
week; month; year)

Survival Tooth survival Tooth present 1 1–29 years
NS 4 1–2 years

Physiological/
Clinical 
changes

Pain Standardized 
questionnaire

1 1 day–29 years

VAS 5
Numeric rating scale 3
Patient report 36

Symptoms Patient report 20 1 day–88 months
Infection- swelling, sinus, 

fistula or abscess
Clinical examination 35 1 day–96 months

Radiographic evidence of 
disease progression

Radiographic 
assessment

47 1 month–29 years

Vitality/sensibility Probing dentine 
barrier to elicit 
pain

1 6 months

NS 9 2 days–29 years
Cold test only 2 6–154 months
Heat and cold test 1 45–60 days
EPT only 5 1–140 months
Thermal unspecified 1 3–53 months
Cold test or EPT 2 12–60 months
Cold test and EPT 2 3–24 months

Periapical tests- (tenderness 
to percussion, palpation)

Clinical examination 8 1 month–29 years
TTP and palpation 24
TTP only —
Palpation only —

Mobility Clinical examination 18 1–154 months
Periodontal probing depths/

attachment loss
Clinical examination 6 2 weeks–88 months

Continued root development 
or apexogenesis

Radiographic 
assessment

17 3–154 months

Physiological narrowing of 
chamber/canals

Radiographic 
assessment

2 3–48 months

Hard tissue/dentine barrier 
formation

Radiographic 
assessment

31 1 month–29 years

Clinical assessment- 
probing

5 45 days–9 months

Histological 
assessment

9 5 weeks–20 months

Histological and 
radiographic 
assessment

1 5–24 weeks

Integrity /quality of 
restoration

Clinical assessment 
(2/12 use USPHS 
criteria)

12 1–88 months

Radiographic 
assessment

2 2 weeks–62 months

Histological evidence of 
pulpal inflammation

Histopathology 5 4 weeks–6 months
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studies and between mature and immature teeth. Finally, 
one author extracted the data which increases the risk of 
misclassification within the taxonomy. This was mitigated 
by having a second author verify the results, and repeated 
checks during the piloting of the extraction form and the 
classification process.

Future directions

This review clearly demonstrates large heterogeneity 
and a lack of standardization in reporting outcome of 
VPTs. The number of included studies in the included 
reviews highlights the increasing interest in VPTs. 
Therefore, improvements in the reporting of future 
clinical studies and evidence synthesis and the quality 
of clinical decision making, will require the develop-
ment of an agreed set of patient- and clinician-reported 
outcomes for VPT.

CONCLUSION

The evidence in this review suggests that there is con-
siderable heterogeneity in the outcomes reported in VPT 
research, with only minimal commonality across meth-
ods and timing of measurement. Moreover, aside from 
pain measurement, there is a general paucity of patient-
reported outcomes reflecting the need to ensure the valu-
able addition of patient experience is not missed when 
designing, conducting and reporting clinical trials. Within 
the limitations of this review, however, there is the oppor-
tunity to seek consensus and develop a COS to improve 
healthcare provision in VPT and the wider discipline of 
endodontics.
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Core area Outcome domain How it is measured
Number of articles 
reporting outcome

Min/max follow up (day; 
week; month; year)

Life impact Functional tooth NS 4 6–12 months

Success Clinical and 
radiographic 
assessment

23 6 weeks–73.6 months

Radiographic and 
histological 
assessment

1 6 months

Aesthetics- discolouration Clinical assessment 
Visual comparison, 
photographs

5 6 months–3 years

Resource use Need for further intervention Clinical or 
radiographic 
assessment

14 1–96 months

Time to complete procedure CROM 1 Baseline

Analgesic use in 
postoperative period

Patient report 7 1 day–3 months

Cost-effectiveness Questionnaires 1 2 years

Adverse effects Calcification Radiographic 
assessment

9 3–154 months

Resorption Radiographic 
assessment

20 1 month–29 years

Pathological narrowing 
pulp chamber or canals/ 
obliteration

Radiographic 
assessment

11 5 weeks–154 months

Abbreviations: CBCT, Cone-beam computed tomography systems; CROM, Clinician reported outcome measures; EPT, Electric pulp test; NS, Not specified; 
TTP, tender to percussion; USPHS, United States Public Health Service; VAS, Visual analogue Scale.

T A B L E  4  (Continued)
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T A B L E  5   Selective reporting bias in (A) indirect pulp capping studies; (B) direct pulp capping studies; (C) pulpotomy studies; (D) 
combined vital pulp treatment studies

Systematic review Method for assessing risk of bias (RCT/CCT) Selective reporting bias risk

(A)

Barros 2020 Cochrane RoB and NOS All low

da Rosa 2019 Cochrane's Collaboration All low

Hayashi 2011 Not reported

Hoefler 2016 Cochrane's Collaboration & NOS 1 high, 1 low

Kiranmayi 2019 Cochrane RoB 5 low, 1 not specified

Li 2018 Cochrane RoB All low

Ricketts 2013 Cochrane RoB All low

Ricketts 2006 Cochrane guidelines Not reported

Schwendicke 2013 Cochrane RoB 2 Low, 9 unclear, 3 high

Schwendicke 2013 Cochrane RoB 1 Low, 3 unclear

(B)

Cushley 2020 Cochrane RoB, Modified Downs & Black All low for RCT

Deng 2016 Cochrane RoB All low

Edwards 2020 Cochrane RoB All low

Javed 2017 CASP Not specified

Li 2015 Cochrane RoB All low

Mahmoud 2018 Cochrane's Collaborationa Not specified

Matsuura 2019 Cochrane RoB All low

Schwendicke 2016 Cochrane RoB 1 unclear, 4 low

Zhu 2015 Not reported

(C)

Alqaderi 2016 Cochrane RoB and NOS All low

Chen 2019 Cochrane RoB All low

Cushley 2019 Cochrane RoB Unclear

Elmsmari 2019 Cochrane RoB NOS All low

Li 2019 Cochrane RoB All low

Taylor 2020 Cochrane RoB All high

Zafar 2020 Cochrane RoB All low

Zanini 2019 Not reported

(D)

Aguilar 2011 Not reported

Bergenholtz 2013 Not reported

Broden 2016 Not reported

Didilescu 2018 Cochrane RoB All lowb

Fransson 2016 Not reported

Maghoub 2019 Modified Downs & Black Not specified

Miyashita 2007 Not reported

Munir 2020 Cochrane RoB-2 All low

Paula 2018 Cochrane RoB 28 low, 1 high

Abbreviations: CASP, Critical Appraisal Skills Programme; CCT, controlled clinical trial; NOS, Newcastle Ottawa Scale; RCT, randomized controlled trials; 
RoB, Risk of bias.
aNo RCT was included.
bRoB not completed for all included RCT and CCTs.
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