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9.1            Introduction 

 This new millennium has seen a huge ‘informa-
tion explosion’; each day produces vast amounts 
of data and knowledge in all branches of science. 
Knowledge doubling studies indicate that the 
trend of human data production has gradually 
increased over time. Within the recent decades, 
growth has become exponential, with signifi cant 
amounts of data being added regularly to the pool. 

 It has been estimated that the doubling time of 
medical knowledge in 1950 was 50 years, in 2010 
it was as little as 3.5 years, and in 2020, if this trend 
continues, it will be a staggering 73 days [ 37 ]. It 
means that students who began medical school in 
2010 will experience roughly three doubling of 
knowledge before graduation, whilst students who 
graduate in the year 2020 will experience at least 
four doubling of medical knowledge throughout 
the course. Incredibly, medical knowledge till the 
beginning of the third millennium is likely to be 
less than 2 % of what will be known by 2020. 

 This exponential growth in medical/dental 
knowledge has created new and complex problems 
when clinicians wish to retrieve suitable informa-
tion. Numerous new scientifi c articles and journals 

are added to various databases each day. PubMed at 
present is the most popular medical database cov-
ering 5,500 journals and more than 24 million cita-
tions, nearly 1 % of which are dental publications. 
In the presence of this huge amount of data, the 
question posed is: Are dental practitioners access-
ing and utilising the correct information? Clearly, 
keeping up to date is an overwhelming task. 

 Such a task can only be effi ciently carried out 
by utilising the principles and methods of 
 evidence- based practice . EBP involves scientifi c 
ranking of studies, selection of benefi cial data 
and summarisation of results from the selected 
studies. Ultimately, these steps lead to a wealth of 
information into a simple and coherent state-
ment: the  clinical bottom line .  

9.2     What Is ‘Evidence-Based 
Practice’? 

  Aim 

 To defi ne evidence-based practice (EBP) and to 
introduce the steps of EBP.  

 The fi rst and most important question is ‘what 
is  evidence-based practice ?’ The term ‘evidence- 
based’ was fi rst described by Gordon Guyatt in 
Canada in the early 1990s; now it is a very estab-
lished term in medical and dental glossaries. 

 Based on the book entitled  Evidence-Based 
Medicine: How to Practice and Teach EBM , by 
Sackett et al. [ 95 ], EBP is a way of thinking and 
working. It can be defi ned as a systematic approach 
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to clinical problem solving which allows integra-
tion of (1) the best current/available evidence with 
(2) our clinical knowledge/skills and (3) our 
patient’s value/preferences. When these three ele-
ments are integrated, clinicians and patients form a 
diagnostic and therapeutic alliance, which opti-
mises clinical outcomes and quality of life [ 95 ]. In 
addition, EBP is not a static state of information 
but rather represents a continuously developing 
state of knowledge. In this systematic approach, 
employment of the best valid evidence invalidates 
or further elaborates previously accepted treat-
ments and replaces or strengthens their evidence 
with proven successful and safe interventions. 

 To accomplish EBP, the following fi ve steps 
are essential: (1) constructing an answerable, 
 relevant and foreground clinical question; (2) 
fi nding/collecting the best available evidence to 
answer the question; (3) appraising critically 
the evidence for its results/validity/relevance; 
(4) pragmatic integration of the best current 
evidence with the practitioner’s knowledge/
skills and the patient’s value/preferences; and 
(5) self- evaluating and audit of the  effectiveness/
effi ciency of previous steps with a view to 
improvement. 

 The main objective of EBP using these fi ve 
steps is the application of the best current evidence 
in forming clinical decisions/actions to improve the 
quality of the patient’s management and life. Dental 
clinicians need to be familiar with the concept of 
 levels of evidence  (LoE), have knowledge of cor-
rect appraisal of evidence and identify the  grades 
of recommendation  (GoR). These signifi cant skills 
are discussed in detail in this chapter, alongside 
with the aforementioned steps 1–3 entitled ‘end-
odontic practice with mineral trioxide aggregate’. 
The application of the fi nal two steps will be the 
clinicians’ responsibility.  

9.3     Levels of Evidence 
and Grades 
of Recommendation 

  Aim 

 To learn the different schemes of levels of evi-
dence and grades of recommendation available 
when making clinical decisions.  

 As a component of EBP, there are a range of 
ranking systems that are used to sort published 
studies into their respective  levels of evidence  
(LoE). These systems are designed as guidance 
and can be very useful in acquiring a quick over-
view of the desirable LoE. 

 LoE is classifi ed in many different ways; the 
Oxford Centre for Evidence-Based Medicine and 
the Scottish Intercollegiate Guidelines Network 
(SIGN) are two of the best-known ranking sys-
tems worldwide. Using these two systems, a new 
modifi ed ranking system was developed in the 
Knowledge Management Unit (KMU) of the 
Iranian Center for Endodontic Research 
(Table  9.1 ). In this ranking system, the strength 
of published studies is determined in accordance 
to their study designs and quality ranking.

   Table 9.1    Levels of evidence according to study design   

 Level of 
evidence  Study design 

 LoE1  High-quality meta-analyses and 
systematic reviews of randomised 
controlled trials (RCTs), or 
 RCTs with a very low risk of bias 
(high-quality RCTs) 

 LoE2  High-quality semi-experimental studies, 
or 
 High-quality systematic reviews of cohort 
studies, or 
 High-quality cohort studies with a very 
low risk of confounding or bias and a high 
probability that the relationship is causal, 
or 
 High-quality systematic reviews of 
semi-experimental studies, or 
 RCTs with a moderate-high risk of bias 
(low-quality RCTs) 

 LoE3  High-quality systematic reviews of 
case-control studies, or 
 High-quality case-control studies with a 
low risk of confounding or bias and a 
moderate probability that the relationship 
is causal, or 
 Low-quality semi-experimental studies 

 LoE4  Case series, or 
 Case-control or cohort studies with a high 
risk of confounding or bias and a 
signifi cant risk that the relationship is not 
causal 

 LoE5  Case reports, or 
 Narrative reviews, or 
 Expert opinion 
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   High-quality systematic reviews and prospec-
tive randomised clinical trials (RCTs) with a very 
low risk of bias (well-designed methodology) are 
designated the highest rank (LoE1), followed by 
high-quality semi-experimental studies or low- 
quality randomised controlled trials (LoE2), 
high-quality systematic reviews of case-control 
studies (LoE3), case series (LoE4) and fi nally 
case reports as well as an expert opinion (LoE5). 
Notably, high-quality studies require stronger 
research methodology, are more diffi cult to carry 
out and consequently are rarer. Also, in vitro and 
animal studies are not considered valid evidence 
as the effects of materials/techniques in labora-
tory (in vitro) situations are not essentially the 
same as in the human body; the intervention 
outcomes are often dissimilar in animals and 
humans and likely to be dissimilar within various 
mammals. 

 When biomaterials like MTA become avail-
able to the dental market, they are usually sub-
jected to a number of studies conducted in vitro 
or ex vivo assessment of their biological/chemi-
cal/physical properties. However, these usually 
have no meaningful correlation with in situ clini-
cal situations; the results of a limited number of 
review articles in the fi eld of dental materials 
have revealed that there are poor correlations 
between laboratory test values and clinical per-
formance [ 20 ,  21 ,  50 ]. Further reports have 
shown a lack of consistency between the results 
of two bacterial and dye microleakage methods 
for sealing ability of the same root-end fi lling 
materials [ 57 ]. Therefore, as the results of these 
methodologies do not have clinical signifi cance, 
the results of in vitro and animal studies are not 
considered as valid evidence. As a fi nal note, 
diagnosis, prognosis and treatment topics require 
different LoE for clinical application/decision. 

 Finding the appropriate evidence via search-
ing scientifi c databases is a diffi cult task due to 
the large pool of  individual  studies available. 
This usually requires clinicians to access and 
critically appraise studies in order to classify the 
LoE and assess the clinical application of the best 
evidence. In contrast,  summaries  (systematic 
reviews) assess and present evidences from pri-
mary individual studies and tend to alleviate the 
need for accessing and appraising individual 

studies, thus greatly facilitating evidenced-based 
clinical decision-making. 

 In addition to individual original studies and 
systematic reviews, there are also two other cat-
egories of clinical information resources named 
 synopses  and  systems . Synopses are summaries 
of research evidence that usually include guid-
ance/advice regarding specifi c clinical applica-
tion by qualifi ed experts. This form of guidance 
externally assesses the evidence and provides 
strengths and weaknesses for each study; there 
are a limited number of synopses in dental lit-
erature. Systems are defi ned as textbook-like 
resources that summarise clinical evidence with 
other types of information directed at clinical 
practice decisions; this type of evidence is also 
limited but provides clear answers leading to 
appropriate clinical action/care, i.e. ‘health tech-
nology assessment (HTA)’ and ‘evidence-based 
practice guideline (EBPG)’. HTA is used for 
the evaluation and determination of safety and 
effectiveness of a new technology; for exam-
ple, new biotechnology of ‘MTA pulpotomy of 
mature molars with irreversible pulpitis’ can be 
evaluated in terms of effectiveness as well as 
safety- related factors and social implications, 
i.e. affordability, availability, accessibility and 
acceptability. These studies usually evaluate 
the ethical, social and economic implications of 
a new technology on health status and health- 
related quality of life for the general populations. 
Like a bridge between the world of research and 
decision-making, HTA studies help health poli-
cymakers adopt appropriate decisions and subse-
quently propagate, popularise and establish the 
new technology. 

 Based on unbiased analysis of the best avail-
able evidence, numerous EBPGs have been 
developed by medical associations or govern-
mental bodies as national/international recom-
mendations to guide high-quality patient care. 
Typically, EBPGs can provide recommendations 
for prevention and treatment of diseases; they 
generally contain a simple summarised consen-
sus statement on best practice in health care. A 
health-care provider is required to know the 
EBPG of his/her profession and has to decide 
whether or not to practise the recommendations 
for that individual patient. 
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 Grades of recommendation (GoR) defi ned as 
the strength of evidence for a recommendation is 
determined by searching/reviewing all the related 
literature on that subject. The number and quality 
of available related literature should be used as 
the basis for ranking the recommendation. Most 
of the multiple grading schemes are based on 
LoE. The defi nitions of GoR used in this chapter 
are modifi cation of those used in the  classifi cation 
system proposed by the Scottish Intercollegiate 
Guidelines Network (SIGN). Grades of recom-
mendation are usually stated with letters. In this 
modifi ed GoR, constructed in the Knowledge 
Management Unit (KMU) of the Iranian Center 
for Endodontic Research, grades A to E stand for 
good- to poor-quality evidence for  recommending 
intervention (Table  9.2 ).

9.4        Framing a Foreground 
Question (Using PICO) 

  Aim 

 To present the process of formulating an accurate 
and effective foreground Population, Intervention, 
Comparison and Outcome (PICO) question.   

  A good question is half the science. (Hasan-ibn Ali 
Alayhis-salam) 

   In current clinical practice, answering to rele-
vant questions requires special types of data/
information. An imprecise question results in an 
imprecise answer; the more specifi cally we can 
formulate the question, the greater our chance of 
getting a decent answer in dental literature. 
Formulating a high-quality and answerable ques-
tion is the preliminary step of EBP. 

 Sackett et al. identifi ed two types of questions: 
background and foreground [ 95 ].  Background 
questions  are general knowledge questions and 
are usually answered by original articles (primary 
resource), review articles (secondary resource) 
and textbooks (tertiary resource); review articles 
are the best source as they condense and sum-
marise evidence derived from original studies. 
These articles cover a broad topic, are rich sources 
of background information, are usually read-
ily available and provide numerous references. 
Background questions typically have two parts: a 
question root, ‘i.e. what, why, when, where, who 
and how?’ and ‘the name of a disease/treatment’. 
For example, ‘What is irreversible pulpitis?’ or 
‘How do I perform primary molar formocresol 
pulpotomy?’ Dental students and junior residents 
most frequently ask background questions. 

  Foreground questions  concentrate on specifi c 
information required for clinical decision/actions 
and include questions of diagnosis, treatment 
or prognosis of a disease, e.g.  Can irreversible 
pulpitis be accurately diagnosed clinically?  and 
 Is root canal therapy the only treatment avail-
able?  These questions are best answered by 
searching the high-LoE published articles, not by 
textbooks; foreground questions are the most fre-
quent type of questions generated by senior resi-
dents and clinicians. Generally, the question must 
be phrased in a way that directs the subsequent 

    Table 9.2    Grades of recommendation according to study 
design   

 Grades of 
recommendation  Study design 

 GoR-A  LoE1 documents, directly 
applicable to the target 
population 

 GoR-B  LoE2 documents, directly 
applicable to the target 
population, or 
 LoE1 documents, indirectly a  
applicable to the target 
population 

 GoR-C  LoE3 documents, directly 
applicable to the target 
population, or 
 LoE2 documents, indirectly 
applicable to the target 
population 

 GoR-D  LoE4 documents, directly 
applicable to the target 
population, or 
 LoE3 documents, indirectly 
applicable to the target 
population 

 GoR-E  LoE5 documents, directly 
applicable to the target 
population, or 
 LoE4 documents, indirectly 
applicable to the target 
population 

   a Selected population, major intervention and/or main out-
comes of the study are somewhat different to the present 
clinical situation  
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search to  relevant and precise answers. Finding 
an accurate answer in scientifi c literature can 
be attained by subdividing the foreground ques-
tion into four parts: (P) Patient(s)/Problem, (I) 
Intervention, (C) Comparison and (O) Outcomes; 
the acronym PICO helps to remember the key 
components of a clear and well-focused question. 
The question needs to identify the main problem 
of the patient, the main intervention/treatment 
considering the patient’s problem, the standard 
management, and the effectiveness/outcome(s) 
of interest. A PICO feature is also accessible on 
PubMed (  http://pubmedhh.nlm.nih.gov    ). 

 PICO formulating method provides a concep-
tual framework for more effective searching. An 
example for a single, well-focused and clearly 
identifi ed foreground question is: ‘In children 
with asymptomatic pulp exposure (P) how does 
MTA pulpotomy (I) compare with conventional 
formocresol pulpotomy (C) for the successful 
clinical and radiographic outcomes (O)?’  

9.5     Finding the Evidence 

  Aim 

 To develop a research strategy in order to locate 
and fi nd published high-level evidences in that 
fi eld of dentistry.  

 After framing a PICO question, the next step 
is good literature search for evidence with the 
highest LoE. Searching for evidence is a diffi cult 
and time-consuming task, particularly with the 
rapid growth of knowledge in peer-reviewed pub-
lished literature. To identify relevant studies, the 
search strategy may include hand searching of 
hard copies or electronic searching of databases 
and search engines; however, hand searching is a 
diffi cult job for clinicians and even researchers. 

 Question type (i.e. aetiology, diagnosis, treat-
ment and prognosis) can play a signifi cant role to 
determine the best source of evidence. For exam-
ple, a PICO  treatment question  regarding ‘outcome 
comparison of current best practice with a new ther-
apy’ needs to fi nd LoE1 studies from the Cochrane 
Library, Medline (PubMed) and evidence- based 
websites (i.e. The Dental Elf); however, for a 

  prognosis question , searching Medline (PubMed) 
alone for cohort studies suffi ces. 

 The  Cochrane Library  is the best source of 
summarised high-quality systematic reviews of 
randomised controlled trials, named  Cochrane 
Reviews . Cochrane researchers usually perform 
hand searching as well as searches of Medline 
(PubMed) and Embase databases to identify 
studies that are relevant to the question they are 
trying to answer. Then, the quality of studies 
found is carefully assessed using valid quality 
scales such as Delphi or van Tulder Lists. They 
apply statistical analysis to compare the data 
of the clinical trials and to create a systematic 
review which usually gives the best current word 
on the effectiveness/effi cacy of an interven-
tion. The reviews are available at   http://www.
thecochranelibrary.com    . 

 If there are no    Cochrane reviews that can 
answer the PICO question, the next step is search 
 PubMed . PubMed is a free search service of the 
US National Library of Medicine (NLM) that 
collects >22,500,000 citations from 5,500 
indexed journal on life sciences and biomedical 
topics; 13,326 million articles are recorded with 
their abstracts, and 14,369 million articles have 
links to full text; there are 3,916 million free full- 
text articles. A staggering 700,000 new articles 
were added to the database in year 2012. This 
useful and easy-to-use bibliographic database 
contains titles, citations, keywords and abstracts 
for most of the peer-reviewed scientifi c biomedi-
cal literature dating back to the 1950s. PubMed is 
part of the Entrez information retrieval system 
accessing primarily the  Medline  database and 
was fi rst released in January 1996. 

 Simple search strategies on PubMed can be 
a mix of controlled vocabulary such as Medical 
Subject Headings ( MeSH ) terms and free text 
or keywords related to a PICO question which 
enter into search window (  http://www.ncbi.nlm.
nih.gov/pubmed/    ). PubMed automatically trans-
lates the term/words and adds fi eld names, rel-
evant  MeSH  terms and synonyms, which greatly 
enhances the search formulation; i.e. ‘causes 
pulpitis’ is translated as (“etiology”[Subheading] 
OR “etiology”[All Fields] OR “causes”[All 
Fields] OR “causality”[MeSH Terms] OR 
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“causality”[All Fields]) AND (“pulpitis”[MeSH 
Terms] OR “pulpitis”[All Fields]). This simple 
broad search is likely to fi nd most of the relevant 
articles; however, it may also retrieve many irrel-
evant citations. The appropriate use of Boolean 
operators AND, OR and NOT is a reliable way 
to control searches and retrieves a good degree 
of relevant citations. In addition, applying lim-
its such as human versus animal research, age 
groups, year of publication, language and more 
importantly  publication types  reduces the num-
ber of irrelevant hits and usually uncovers the 
highest level of evidence. 

  Clinical Queries  fi lter is a unique feature of 
PubMed tools and provides a quick/simple way 
to search ‘Clinical Study Categories’, as well as 
‘Systematic Reviews’ subjects. The  Category  
and  Scope  methodological fi lters can retrieve 
clinically relevant studies with signifi cant preci-
sion. It was shown that ‘systematic reviews can 
be retrieved from Medline with close to perfect 
sensitivity or specifi city, or with high precision, 
by using empirical search strategies’ [ 67 ]. 

 Assessing the evidence-based synopses such 
as  The Dental ELF  or critically appraised topic 
such as  UTHSCSA Dental School CAT Library  
are another options for fi nding the required evi-
dence. These databases show CATs or synopses 
of individual studies that have been critically 
appraised and include evidence-based journal 
reviews, critically appraised topics and clinical 
evidence. 

 There are a few useful evidence-based 
dentistry resources on the Internet including 
‘Journal of Evidence-Based Dental Practice’ 
and ‘Evidence-Based Dentistry’ journals as well 
as websites such as ‘The Centre for Evidence-
Based Dentistry’. The two journals report on 
high- quality clinical studies that can impact den-
tal practice. In addition,  ClinicalTrials.gov  as a 
service of the US National Institutes of Health is 
a registry site and searchable database of clini-
cal trials in progress which are being conducted 
around the world. Even then the clinician is 
required to use his/her own critical appraisal. 

 Locating and exploiting print and electronic 
resources has normally been the role of the librar-
ian; therefore, assistance of an expert familiar 

with various electronic resources, search terms 
and search strategies is always valuable.  

9.6     Interpreting the Best 
Evidence (Critical Appraisal) 

  Aim 

 To focus on the skills necessary to critically eval-
uate and weigh information concerning the effec-
tiveness of a new intervention.  

 Many clinicians believe that a wide range of 
study types can be brought to bear on answering 
clinical questions; undoubtedly, that is an 
accepted initial concept [ 94 ]. However, for an ‘A’ 
grade evidence-based clinical recommendation 
(GoR-A) regarding a  treatment  topic, the best 
level of evidence includes results from high- 
quality meta-analyses/systematic reviews of 
 randomised controlled trials or high-quality ran-
domised controlled trials. This chapter focuses 
on such evidences, as the next level of the recom-
mendation (GoR-B) might be from low-quality 
conducted meta-analyses/systematic reviews of 
good trials or high-quality conducted of fair stud-
ies (Table  9.2 ), which are both insuffi ciently 
powered. 

 Development of critical appraisal skills is 
essential for clinicians to have an evidence-based 
approach to practice; the individual practitioner 
should be able to review and rate the evidence. 
However, time can be saved by looking for 
sources of summarised LoE1; the fi rst port of call 
and the easiest is searching the Cochrane Library 
for  Cochrane Reviews . If a suitable paper is not 
found, we would recommend searching Medline 
via PubMed for systematic reviews and ran-
domised controlled trials. 

 There is a general consensus that systematic 
reviews provide the highest evidence; however, 
they are not equally reliable and successful in 
minimising bias. A number of techniques are 
available to assess the methodological quality of 
systematic reviews; amongst which is AMSTAR 
( a m ea s urement  t ool to  a ssess  s ystematic 
 r eviews), a reliable and valid measurement tool 
that has been widely accepted and utilised [ 101 ]. 
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It consists of eleven items with good face and 
content validity (available at   http://www.amstar.
ca/Amstar_Checklist.php    ); when all the checklist 
items have been fully addressed, a well-done 
 systematic review is established. 

 Published randomised controlled trials in peer-
reviewed journals also have different quality and 
level of evidence. The LoE provided by a ran-
domised controlled trial depends on the ability of 
the study design to minimise the possibility of bias. 
To assess the risk of bias, the methodological qual-
ity of randomised controlled trials is commonly 
evaluated using various quality scales. It was 
reported that there are more than 20 scales and 
associated modifi cations to assess the quality of 
randomised controlled trails [ 81 ]. Most of these 
scales have not been adequately developed for 
assessing the internal and external validity of trails. 

  Internal validity  is the degree to which 
research results are likely to be correct and free 
of bias. It usually refl ects the extent to which 
the trial meets the criteria of random allocation, 
concealment, baseline comparability, blinding 
of patients/therapist(s)/assessor(s), withdrawal/
dropout rate/reasons and statistical analysis. 
Internal validity is a prerequisite for external 
validity.  External validity  refers to the ability to 
generalise the results of a trial to other settings/
populations outside the experimental situation; 
this is also called generalisability. 

 There are usually fi ve main items in the vari-
ous quality assessment scales; these consist of 
patient selection, blinding, interventions, out-
comes and statistics.  Jadad scale  is the most 
common tool for ‘pain’ research assessment; 
however, it contains very few items ( n  = 5). On 
the other hand,  Nguyen scale , which is based on 
generally accepted methodological criteria for 
evaluation of ‘dental injury’ trials, contains too 
many items ( n  = 100). The 9-item  Delphi List , as 
a generic criteria list, was developed by interna-
tional consensus and introduced in 1998 [ 119 ]. It 
was reported that this list is the original source 
for most of the quality scales. The Cochrane 
Collaboration Review Groups (CCRG) also used 
the Delphi List for their analysis in more than 
2000 reviews before 2003. More recently, CCRG 
adopted the  van Tulder List  with 11 items as the 

latest modifi cation of the Delphi List for many of 
its systematic reviews [ 118 ]. This criteria list has 
been adequately developed and tested for face 
and content validity and reliability. A modifi ed 
 van Tulder  comprehensive list was adapted by 
our KMU, which consists of the following items:
    1.     Patient selection  (i) randomisation, (ii) alloca-

tion concealment and (iii) groups’ similarity 
at baseline   

   2.     Blinding  (iv) of outcome assessor(s), (v) care 
provider(s) and (vi) patient(s) and also cali-
bration (vii) of outcome assessor(s)   

   3.     Interventions    : (viii) avoidance of co- 
interventions, (ix) adequate follow-up period, 
(x) description of withdrawal and dropouts, 
(xi) comparison of the outcome assessment 
timing in all groups, (xii) relevant outcomes, 
(xiii) adequate sample size and (xiv) using of 
objective outcome measures   

   4.     Statistics  (xv) intention-to-treat analysis 
(Table  9.3 )
       These criteria can be scored as yes (+1), or no/

don’t know (0). The quality score of randomised 
controlled trials is computed by counting the 
number of positive scores. A published study 
reporting a randomised controlled trial could 
therefore receive a modifi ed  van Tulder  score of 
between 0 and 15 (strongest evidence).  

9.7     MTA in Clinical Practice 

9.7.1     Background 

 A recent study that conducted a keyword search 
‘mineral trioxide aggregate’ in PubMed found 
1,024 published articles from 1993 till August 
2012 [ 17 ]. Only ~5 % were classifi ed as LoE1; 
Iran, Brazil and the UK ranked highest for 
providing LoE1 MTA articles. MTA was fi rst 
introduced for repair of lateral root perforations 
as well as root-end fi llings in 1993 [ 58 ,  115 ]. 
After FDA approval of the material in 1998, 
Prof. Torabinejad, the inventor of this novel 
biomaterial, described the clinical procedures 
for four applications of grey-coloured ProRoot 
MTA based on 19 published in vitro and ani-
mal studies; these include direct pulp capping 
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( permanent teeth with reversible pulpitis), 
apexifi cation, repair of root perforations and 
root-end fi llings [ 112 ]. 

 To overcome the potential discolouration of 
tooth structure with grey MTA in aesthetically 
sensitive areas, a new type of MTA with a tooth- 
coloured formula was introduced. However, there 
are few reports which discuss the new white 
ProRoot MTA discolouration effect. 

 The introduction of MTA as an excellent seal-
ant of the pathways of the pulp (inner and outer 
dental surfaces) has made a great worldwide 
impact in endodontic and general dental prac-
tice. The new millennium has seen the introduc-
tion of numerous brands of MTA and MTA-like 
materials worldwide as well as additional uses 
and applications of this biomaterial which are 

described in detail in this book. Many  published 
studies showed favourable outcomes for 
 additional clinical applications for different types 
of MTA including vital pulp therapies in primary 
teeth as well as permanent teeth with established 
irreversible pulpitis, revascularisation treatments, 
management of internal and external root resorp-
tion and root canal obturations. The various clini-
cal applications of MTA are discussed in detail 
in Chap.   6    . 

 A Cochrane Library search up to April 2013 
amongst ~7,800 records revealed less than 200 
reviews published in the fi eld of dentistry/end-
odontics and just two reviews that only men-
tioned the name of MTA: ‘Pulp management for 
caries in adults: maintaining pulp vitality’ and 
‘Pulp treatment for extensive decay in primary 
teeth’ [ 66 ,  70 ]. 

 In the fi rst review, however, the results 
revealed that there is no defi nitive conclusion as 
‘the most effective method of pulp treatment of 
asymptomatic carious teeth’; the authors stated 
that there has been a recent move towards using 
alternative materials and methods such as the 
direct/indirect placement of bonding agents and 
mineral trioxide aggregate for the management 
of the pulp in extensively decayed teeth. They 
concluded that ‘further well-designed random-
ized controlled trials are needed to investigate the 
potential of contemporary materials which may 
be suitable when used in the management of cari-
ous teeth’. In the second review, the authors also 
stated that more evidence of effectiveness is 
required for mineral trioxide aggregate pulp 
treatment technique. 

 It is disappointing that after 20 years of intro-
ducing MTA in the dental world there are no 
high-quality Cochrane reviews discussing its 
clinical applications. However, we hope that in 
the near future such reviews will be formulated. 
Accordingly, data locating, fi nding and collection 
in this chapter will be based on electronic 
searches of the PubMed (Medline; 1966 to April 
2013), The Dental ELF, UTHSCSA Dental 
School CAT Library,  Journal of Evidence-Based 
Dental Practice  as well as  Evidence-Based 
Dentistry  and ClinicalTrials.gov.  

   Table 9.3    Modifi ed van Tulder List   

 Yes/no/don’t 
know 

 (i)  Was an appropriate method of 
randomisation performed? 

 (ii)  Treatment allocation: Was the 
treatment allocation concealed? 

 (iii)  Were the groups similar at 
baseline regarding the most 
important prognostic indicators? 

 (iv)  Was the outcome assessor(s) 
blinded? 

 (v) Was the care provider(s) blinded? 
 (vi) Was the patient(s) blinded? 
 (vii)  Was the outcome assessor(s) 

calibrated? 
 (viii)  Were the co-interventions 

avoided? 
 (ix)  Was the follow-up period 

adequate? 
 (x)  Were withdrawal and dropout 

rates described and acceptable? 
(>85 %)WCA 

 (xi)  Was the timing of the outcome 
assessment comparable in all 
groups? 

 (xii) Were relevant outcomes used? 
 (xiii) Was the sample size adequate? 
 (xiv)  Were the outcome measures 

objective? 
 (xv)  Did the analysis include an 

intention-to-treat analysis? 
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9.7.2     Mineral Trioxide Aggregate 
for Root-End Fillings 

  PICO Question 

 When endodontic surgery is indicated, how 
does MTA compare to other root-end fi lling 
materials in terms of clinical and radiographic 
outcomes?  

9.7.2.1     Defi nition 
 Surgical endodontics is an important treatment 
option for teeth with persistent apical periodonti-
tis (AP). It usually includes pathological tissue 
removal, root-end resection, root-end cavity 
preparation and fi nally insertion of a root-end 
fi lling material; the fi lling material seals the root 
canal contents and thus prevents exit of microor-
ganisms and their by-product into the periradicu-
lar tissues. 

 MTA was fi rst introduced as a root-end fi ll-
ing material, and it has shown good sealing 
property compared to traditional fi lling materi-
als in vitro and favourable biocompatibility 
ex vivo as well as in animal studies [ 113 ]; it 
stimulates hard tissue healing in surrounding 
tissues particularly cementogenesis in animal 
models [ 12 ,  114 ]. There are many case reports 
and clinical studies that show positive out-
comes; however, there are a few randomised 
controlled trials as discussed below. 

  Apical/periradicular periodontitis  (AP) is 
a type of periodontal disease usually with an 
endodontic origin. The disease presents itself 
as a low-grade inflammation of the periodon-
tium in the area around the main entrances of 
the root canal system at the root apex or vari-
ous levels along the root surface of a tooth 
and is usually asymptomatic (chronic form). 
The inflammation is generally accompanied 
by bone destruction which allows radio-
graphic detection of AP. Appearance of symp-
toms such as pain, swelling and impaired 
function is an indicator for acute form of AP. 
It is generally agreed that either newly 
 developed or persistent AP in radiographic 
examination is a sign of failed endodontic 
treatment.  

9.7.2.2     Incidence/Prevalence 
 A systematic review of epidemiological studies 
in 2012 on more than 300,000 teeth from 33 stud-
ies mostly performed in developed countries 
demonstrated that the prevalence of endodonti-
cally treated teeth is very high, broadly equiva-
lent to two treatments per patient with 36 % 
failure rate (persistent AP) [ 83 ].  

9.7.2.3     Aetiology 
 Persistent AP after endodontic treatment is an 
indication of infl ammation of periodontal liga-
ment which is usually due to microbial invasion. 
There is a dynamic process at the interface of root 
canal system (the source of microbial invasion in 
necrotic teeth) and host defence in periodontal tis-
sues. This leads to breakdown of both soft and 
hard periapical tissues. However, in a vital tooth, 
the infl ammation of the periodontal ligament is 
usually caused by immunological mediators.  

9.7.2.4     Prognosis 
 When AP persists after endodontic treatment, a 
more complex therapeutic situation arises than in 
untreated teeth with AP [ 72 ]. Hence, the progno-
sis of AP after surgical endodontic treatment is 
related to a number of factors, including age 
[odds ratio (OR), 2.5; confi dence interval (CI), 
1.01–6.00], preoperative root-fi lling length (OR, 
3.4; CI, 1.34–8.76) and size of the surgical crypt 
(OR, 1.9; CI, 1.19–3.16) [ 19 ], as well as inter-
proximal bone levels at the treated tooth (OR, 
5.10; CI, 1.67–16.21), the type of root-end fi lling 
material used (OR, 7.65; CI, 2.60–25.27) [ 120 ] 
and the position of treated teeth (OR, 3.52; CI, 
1.78–6.96) [ 103 ]. According to the results of 
these three prognostic studies, treatment outcome 
was superior in subjects older than 45 years, in 
anterior teeth, tooth with inadequate (versus ade-
quate) root canal fi llings, surgical crypt smaller 
or equal to 1 cm, bone level from the cementoe-
namel junction more than 3 mm and root-end fi ll-
ings with ProRoot MTA.  

9.7.2.5     Aim of Treatment 
 The main aims of endodontic surgery are the 
eradication of microbial factors and prevention 
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of reinfection by establishing a hermetic api-
cal seal with an ideal root-end fi lling material. 
Historically, root-end fi lling materials such as 
 silver amalgam, Cavit, gold foil, polycarboxyl-
ate cement and zinc phosphate cement were sug-
gested, as well as glass ionomer, composite resin, 
reinforced zinc oxide eugenol cements [interme-
diate restorative material (IRM), super ethoxy- 
benzoic acid (EBA)], calcium-enriched mixture 
(CEM) cement and mineral trioxide aggregate 
biomaterials.  

9.7.2.6    Outcomes 
 The desired outcomes of an intervention are the 
absence of clinical signs/symptoms of infl amma-
tion/infection as well as radiographic resolution 
of a persistent AP in the long term. Clinical suc-
cess rates are usually higher than success rates 
from radiographic evaluation because AP may be 
asymptomatic clinically; accordingly, the out-
come should be mainly extrapolated from the 
radiographic evaluation. 

 The radiographic appearance of the periapical 
area will refl ect the gradual stages of AP healing. 
A common scoring system for radiographic 
assessment of apical periodontitis, the periapical 
index (PAI), was introduced by Ørstavik in 1986 
[ 82 ]. However, several recent studies have shown 
that cone-beam computed tomography (CBCT) 
is more sensitive in detecting AP compared to 
conventional radiography [ 35 ]. In other words, 
conventional radiography is more likely to miss 
AP; however, CBCT is not recommended as rou-
tine diagnostic tool due to its high cost and patient 
exposure.  

9.7.2.7    Methods of Search 
and Appraisal 

 Studies dating back to 1966 were located by 
searching PubMed (Medline). The main search 
terms were systematic review(s) or randomised 
controlled trial(s) or clinical trial(s), min-
eral trioxide aggregate and surgery. We also 
searched The Dental ELF, UTHSCSA Dental 
School CAT Library,  Journal of Evidence-
Based Dental Practice  as well as  Evidence-
Based Dentistry  and ClinicalTrials.gov for the 
keywords ‘mineral trioxide aggregate’. Only 
English-language trials were assessed. Using 
modifi ed van Tulder List and AMSTAR check-
list, randomised controlled trials and systematic 
reviews of randomised controlled trials were 
scored, respectively.  

9.7.2.8    Effi cacy 
 Our search found four randomised controlled 
trials [ 31 ,  32 ,  60 ,  104 ] (Table  9.4 ) and one 
systematic review [ 111 ]. The only systematic 
review found in this fi eld, collected and ana-
lysed quasi-controlled trials as well as ran-
domised controlled trials; therefore, the review 
was classifi ed as LoE2. Four randomised 
controlled trials provided evidence that MTA 
signifi cantly increases the radiographic suc-
cess rate in comparison to no root-end cavity 
preparation and fi lling control (gutta-percha 
smoothed); however, such outcomes are sim-
ilar with IRM and Super EBA. There are no 
randomised controlled trials to compare MTA 
with many other root-end fi llings such as amal-
gam and CEM cement as yet.

   Table 9.4    Results of four ranked randomised controlled trials using MTA as root-end fi lling material   

 Study (year) 
 Teeth 
(no.) 

 Intervention 
(no. of teeth) 

 Control 
(no. of teeth) 

 Follow-up 
(month) 

 Radiographic results 
(success)  Signifi cance 

 Christiansen et al. 
[ 32 ] 

 52  MTA ( n  = 26)  gutta- percha 
( n  = 26) 

 12  MTA (85 %); 
gutta-percha (28 %) 

 Yes ( P  
<0.001) 

 Chong et al. [ 31 ]  122  MTA ( n  = 64)  IRM ( n  = 58)  12 and 24  MTA (84 %, 92 %); 
IRM (76 %, 87 %) 

 No 

 Song and Kim 
[ 104 ] 

 260  MTA ( n  = 130)  Super EBA 
( n  = 130) 

 12  MTA (95.6 %); 
Super EBA (93.1 %) 

 No 

 Lindeboom et al. 
[ 60 ] 

 100  MTA ( n  = 50)  IRM ( n  = 50)  12  MTA (92 %); IRM 
(86 %) 

 No 
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9.7.2.9       Drawbacks 
 Long setting time of MTA is a known drawback 
of the material for root-end fi lling [ 84 ].  

9.7.2.10    Comments 
 A recent study reported that the 5-year prognosis 
of post-endodontic surgery to be 8 % poorer than 
the 1-year prognosis [ 120 ], showing that recall 
time can infl uence analysis of treatment out-
comes. In addition, the similarity between the 
treatment outcomes in the intervention and con-
trol groups in three randomised controlled trials 
[ 31 ,  60 ,  104 ] reveals that ‘expected power of 
study’ was dissimilar to ‘observed power’ at the 
end of the trials. Furthermore, there are limita-
tions in small clinical trials versus large multi-
centre trials that are often better representatives 
of a population [ 87 ]. Therefore, a greater body of 
evidence is required to reach defi nitive conclu-
sions regarding MTA as a gold standard root-end 
fi lling material in routine clinical practice. There 
is still a need for prospective, multicentre, long- 
term and large-scale randomised controlled trials 
for making evidence-based decisions. 

  Clinical Bottom Line 

 To answer the PICO question, randomised con-
trolled trials that have  LoE1  and  GoR-A  demon-
strate that in surgical endodontics:
    1.     MTA as root-end fi lling has better radiographic 

success rates than heat smoothing of the ortho-
grade gutta-percha (no root-end fi lling).   

   2.     MTA as root-end fi lling has similar radio-
graphic success rates with IRM in single- 
rooted teeth.   

   3.     MTA as root-end fi lling has similar radio-
graphic success rates with Super EBA after 
endodontic microsurgery.    

9.7.3         Mineral Trioxide Aggregate 
for Vital Pulp Therapy 
of Primary Teeth 

  PICO Question 

 In case of pulp exposures in primary teeth, how 
does MTA pulp cover compare with other pulp 
covering agents in terms of treatment outcome?  

9.7.3.1    Defi nition 
 Vital pulp therapy (VPT) techniques consist of six 
defi nite treatments. From the least to most inva-
sive are non-invasive stepwise excavation [ 62 ], 
indirect pulp capping (IPC), direct pulp capping 
(DPC), miniature pulpotomy (MP) [ 9 ], partial or 
Cvek pulpotomy (PP) [ 33 ] and full/coronal pulp-
otomy (FP). Clinicians can employ these tech-
niques in either primary or permanent teeth. 

 The surgical removal of the entire coronal 
pulp, i.e. full pulpotomy, is a common treatment 
modality to maintain functionality of primary 
molar teeth with carious/traumatic pulp expo-
sures which would otherwise be extracted. 

 Treatment approaches for the pulpotomy 
of primary teeth consist of devitalisation, pres-
ervation or regeneration using various mate-
rials including formocresol, ferric sulphate, 
calcium hydroxide, calcium-enriched mixture 
(CEM) cement, Portland cement (PC) and MTA. 
Currently, formocresol pulpotomy is the most 
common treatment approach worldwide; how-
ever, in recent years, clinicians and research-
ers have voiced their concerns about the safety 
of formocresol use in paediatric dentistry (i.e. 
mutagenicity, carcinogenicity and immune sen-
sitisation). It seems that modern pedodontics/
endodontics has recently shifted the objective of 
pulpotomy from devitalisation to revitalisation/
vitalisation: infected/infl amed coronal pulp is 
amputated, and the radicular pulp is covered with 
biomaterials to induce a favourable biological 
response. In other words, regeneration of dentinal 
bridges over uninfl amed remaining pulp recreat-
ing an effective biological seal [ 64 ]. 

 Direct pulp capping (DPC) is a less invasive 
treatment than pulpotomy; though, due to 
reported unwanted treatment outcomes of CH 
pulp capping (i.e. internal resorption, pulp calci-
fi cation, etc.), this treatment modality is rarely 
employed in primary teeth. However, recent evi-
dence demonstrates that this treatment option can 
be effective if good coronal seal is provided.  

9.7.3.2    Incidence/Prevalence 
 The prevalence of dental caries in the primary 
dentition for children aged 2–5 years increased 
from 24 % in 1988–1994 to 28 % in 1999–2004, 

9 Mineral Trioxide Aggregate and Evidence-Based Practice



184

according to the most recent data released by the 
US Department of Health and Human Services 
(  www.cdc.gov/nchs/data/series/sr_11/sr11_248.
pdf    ). A recent Cochrane review stated that the 
overall mean incidence of pulp exposure after 
complete caries removal is 34.7 % for the man-
agement of dentinal caries in previously unre-
stored primary and permanent teeth [ 92 ].  

9.7.3.3    Aetiology 
 Vital pulp therapies (VPT) of primary teeth are 
most often necessitated by progression of caries 
into/close to the pulp and are usually indicated 
due to removal of all caries/soft demineralised 
dentine by the dentist as well as traumatic inju-
ries to the teeth.  

9.7.3.4    Prognosis 
 It was reported that pulpotomy success rate for 
teeth restored with a stainless steel crown was 
higher than for those restored with amalgam [ 105 ].  

9.7.3.5    Aim of Treatment 
(Intervention) 

 The objective of VPT in primary dentition is pulp 
dressing to relieve sensitivity/pain and also to 
prevent the supporting periodontal tissues from 
breaking down up to exfoliation time.  

9.7.3.6    Outcomes 
 The main outcome measure for determining clin-
ical success is the absence of spontaneous pain, 
abscess, sinus tract or pathologic mobility; radio-
graphic success is determined according to the 
absence of furcation/periapical lesion, internal or 
pathologic external resorption and root canal 
obliteration as well as the presence of a normal 
periodontal ligament. 

  Note:  Many researchers have reported cases 
of canal obliteration as success.  

9.7.3.7    Methods of Search 
and Appraisal 

 Studies dating back to 1966 were located by 
searching PubMed (Medline). The main search 
terms were [systematic review(s) or randomized 
controlled trial(s) or clinical trial(s)] and [mineral 
trioxide aggregate] and [pulpotomy or vital pulp 

therapy or primary molar/teeth]. We also searched 
The Dental ELF, UTHSCSA Dental School CAT 
Library,  Journal of Evidence-Based Dental 
Practice  as well as  Evidence-Based Dentistry  
and ClinicalTrials.gov for the key term ‘mineral 
trioxide aggregate’. Only English-language trials 
were assessed. Using modifi ed van Tulder List 
and AMSTAR checklist, RCTs and systematic 
reviews of RCTs were scored respectively.  

9.7.3.8    Effi cacy 
   MTA Versus Formocresol Pulpotomy 
 The only Cochrane review assessing pulp therapy 
for extensive decay in primary teeth concluded 
that based on the randomised controlled trials 
available, there is ‘no reliable evidence’ support-
ing the superiority of one type of treatment/mate-
rial over the other for pulpally involved primary 
molars and that ‘high quality randomized con-
trolled trials, with appropriate unit of randomiza-
tion and analysis are needed’ [ 70 ]. As this review 
was published in 2003 and several systematic 
reviews as well as randomised controlled trials 
have been published thereafter, more recent 
research should be analysed. 

 The result of our search reveals that three sys-
tematic reviews [ 74 ,  85 ,  102 ] as well as 19 ran-
domised controlled trials [ 2 ,  3 ,  5 ,  8 ,  40 ,  43 ,  47 , 
 49 ,  51 ,  52 ,  54 ,  69 ,  71 ,  75 ,  106 ,  107 ,  109 ,  110 , 
 125 ] (Table  9.5 ) compared the success rates of 
MTA alone with formocresol pulpotomies. One 
of systematic reviews collected and analysed 
clinical trials as well as randomised controlled 
trials [ 74 ]; therefore, the review was classifi ed 
as LoE2. Based on the date of publication and 
selection criteria, six randomised controlled trials 
were included in each of two remaining reviews. 
Four of these RCTs are the same, and totally eight 
randomised controlled trials were included in the 
two reviews (Table  9.6 ) [ 2 ,  3 ,  40 ,  47 ,  51 ,  54 ,  71 , 
 75 ]. The results of the two systematic reviews are 
identical, and the meta- analysis [ 85 ] indicated 
that ‘clinical and radiographic fi nding show that 
MTA is superior to formocresol in primary molars 
pulpotomy resulting in a lower failure rate, with 
the relative risk being 0.32 (CI, 0.11–0.90) and 
0.31 (CI, 0.13–0.74), respectively’; in addition, 
MTA has less undesirable sequelae.
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    Table 9.5    Results of nineteen ranked randomised controlled trials comparing MTA and formocresol pulpotomy agents 
in primary teeth   

 Study (year) 
 Teeth no. 
(dropout) 

 MTA no. of 
teeth 
(dropout) 

 Formocresol 
no. of teeth 
(dropout) 

 Follow-up 
(month) 

 Final clinical results 
(success %) 

 Final 
radiographic 
results 
(success %) 

 Srinivasan and 
Jayanthi [ 107 ] 

 100 (7)  50 (3)  50 (4)  3, 6, 9, 12  MTA = 100; FC = 91.3 €   MTA = 95.74; 
FC = 78.26 £  

 Jabbarifar et al. [ 54 ]  64 (0)  32 (0)  32 (0)  6, 12  MTA = 93.75; FC = 90.6 
 Holan et al. [ 51 ]  64 (2)  33 (0)  31 (2)  4–74  MTA = 97; FC = 83 
 Moretti et al. [ 69 ]  30 (1)  15 (1)  15 (0)  3, 6, 12, 

18, 24 
 MTA = 100; FC = 100 

 Naik and Hegde 
[ 71 ] 

 50 (3)  25 (1)  25 (2)  24 h, 1, 3, 
6 

 MTA = 100; FC = 100 #  

 Sonmez et al. [ 106 ]  40 (12)  20 (5)  20 (7)  6, 12, 18, 
24 

 MTA = 66.6; FC = 76.9 

 Subramaniam et al. 
[ 109 ] 

 40 (0)  20 (0)  20 (0)  1, 6, 12, 24  MTA = 100; FC = 100  MTA = 95; 
FC = 85 

 Zealand et al. [ 125 ]  252 (49)  119 (19)  DFC:133 (30)  6  GMTA = 100; 
DFC = 97 

 GMTA = 95; 
DFC = 86 ≠  

 Erdem et al. [ 43 ]  50 (0)  25 (0)  25 (0)  6, 12, 24  MTA = 96; FC = 88 
 Sushynski et al. 
[ 110 ] 

 252 (121)  119 (54)  DFC: 133 
(67) 

 6–24  GMTA = 100; 
DFC = 98 

 GMTA = 95; 
DFC = 76 ≠  

 Airen et al. [ 5 ]  70 (0)  35  35  6, 12, 24  MTA = 97.9; FC = 83 ≠   MTA = 88.6; 
FC = 54.3 ≠  

 Eidelman et al. [ 40 ]  45 (13)  23 (6)  22 (7)  6–12, 
13–18, 
19–24, >24 

 MTA = 100; FC = 93 

 Agamy et al. [ 3 ]  72 (60)  Grey = 24 
(4); 
White = 24 
(4) 

 24 (4)  1, 3, 6, 12  MTA = (G:100,W:80); 
FC = 90 

 Farsi et al. [ 47 ]  120 (46)  60 (22)  60 (24)  18, 24  MTA = 100; FC = 98.6  MTA = 100; 
FC = 86.8 ≠  

 Aeinehchi et al. [ 2 ]  126 (26)  51 (8)  75 (18)  3, 6  MTA = 100; FC = 100  MTA = 100; 
FC = 82.5 ¥  

 Noorollahian [ 75 ]  60 (24)  30 (12)  30 (12)  6, 12, 24  MTA = 100; FC = 100  MTA = 94.4; 
FC = 100 

 Hugar and 
Deshpande [ 52 ] 

 60 (0)  30 (0)  30 (0)  6, 12, 18, 
24, 30, 36 

 MTA = 100; FC = 100  MTA = 100; 
FC = 96.67 

 Ansari and 
Ranjpour [ 8 ] 

 40 (10)  20 (5)  20 (5)  1, 6, 12, 24  MTA = 100; FC = 80  MTA = 95; 
FC = 90 

 Godhi et al. [ 49 ]  50 (0)  25 (0)  25 (0)  1, 3, 6, 12  MTA = 100; FC = 100  MTA = 96; 
FC = 88 

   MTA  mineral trioxide aggregate,  DFC  diluted formocresol, signifi cant difference for  € (mobility),  £ (periodontal ligament 
widening and inter-radicular radiolucency),  # (discolouration),  ≠ (primary outcomes),  ¥ (root resorption)  

    Eleven randomised controlled trials [ 5 ,  8 , 
 43 ,  49 ,  52 ,  69 ,  106 ,  107 ,  109 ,  110 ,  125 ] were 
published after the publication of these two 
systematic reviews (Table  9.5 ); therefore, to 
make comprehensive conclusions, we per-
formed meta-analyses using the Mantel-

Haenszel model and calculation of pooled 
relative risk (RR). We only included studies 
with 24-month follow-up. The results clearly 
showed that MTA is significantly superior to 
formocresol in primary molar pulpotomy in 
terms of treatment outcomes (Fig.  9.1 ).
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      MTA Versus Other Pulpotomy Agents 
 Eleven studies compared MTA with various 
pulpotomy agents other than formocresol 
(Table  9.7 ); fi ve of these studies compared MTA 
with calcium hydroxide [ 61 ,  69 ,  80 ,  86 ,  106 ], 
four studies compared MTA to ferric sulphate 
[ 38 ,  43 ,  79 ,  106 ], two studies compared MTA 
with Portland cement [ 80 ,  96 ], one study com-

pared MTA with calcium-enriched mixture 
(CEM) cement [ 63 ], and one study compared 
white with grey MTA [ 28 ].

   The results of various randomised controlled 
trials comparing MTA with calcium hydroxide or 
ferric sulphate are mixed; some report signifi cant 
and others insignifi cant differences between the 
pulpotomy agents. Due to the controversy, two 
separate meta-analyses with the Mantel-Haenszel 
model with calculation of pooled relative risk 
(RR) were performed. Our results clearly showed 
that MTA is superior to calcium hydroxide as 
well as ferric sulphate in primary molar pulpot-
omy at a 24-month follow-up (Figs.  9.2  and  9.3 ).

       MTA Versus Other DPC Materials 
 Two randomised controlled trials compared MTA 
with calcium hydroxide and calcium-enriched 
mixture (CEM) cement for DPC of primary 
molars  [ 45 ,  46 ,  117 ] (Table  9.8 ); there were no 
signifi cant differences found for all the treatment 
 outcomes assessed.

   Table 9.6    Two AMSTAR ranked systematic reviews 
comparing MTA and formocresol as pulpotomy agent for 
primary teeth   

 Peng et al. 
(Jadad 
scale) [ 85 ] 

 Simancas-
Pallares et al. 
(no scale) [ 102 ] 

 Systematic reviews 
 RCTs 

 Eidelman et al. [ 40 ]  ×(5)  – 
 Agamy et al. [ 3 ]  ×(4)  × 
 Jabbarifar et al. [ 54 ]  ×(4)  – 
 Holan et al. [ 51 ]  ×(5)  × 
 Farsi et al. [ 47 ]  ×(2)  × 
 Naik and Hegde [ 71 ]  ×(2)  × 
 Aeinehchi et al. [ 2 ]  –  × 
 Noorollahian [ 75 ]  –  × 

Holan et al. (2005)

Farsi et al. (2005)

Noorollahian et al. (2008)

1/33

Study
(year)

Mineral trioxide aggregate
(experimental) n/N a

Formocresol
(control) n/N

Relative risk (RR)
(95 % CI)

Weight
%

RR
(95 % CI)

0/38

0/14

5/15

1/20

1/15

0/30

1/25

3/65

4/35

1/18

5/29

5/36

0/15

3/13

3/20

4/15

1/30

3/25

16/66

16/35

0/18

11.87 0.18 (0.02, 1.42)

0.09 (0.00, 1.51)

3.00 (0.13, 69.09)

1.25 (0.42, 3.70)

1.27 (0.37, 4.39)

0.33 (0.04, 2.94)

0.33 (0.08, 1.39)

0.34 (0.01, 8.13)

0.34 (0.01, 8.16)

0.17 (0.02, 1.30)

0.41 (0.25, 0.68)

0.13 (0.02, 0.93)

12.59

8.92

7.58

6.69

13.38

3.29

17.84

3.32

13.38

100.00

1.12

Moretti et al. (2008)

Sonmez et al. (2008)

Subramaniam et al. (2009)

Erdem et al. (2009)

Sushynski et al. (2012)

Airen et al. (2012)

Overall (mantel haenszel pooled RR)

I-squared=22.3 %
Test for heterogeneity chi-square = 12.87, d.f. = 10, p=0.231
Test of RR = 1: Z = 3.48, p = 0.000

0.1 1 10a Failure/samples

Ansari and Ranjpour. (2010)

Hugar and Deshpande (2010)

  Fig. 9.1    Meta-analysis of 11 randomised clinical trials with 24-month follow-up, studying the success of mineral tri-
oxide aggregate versus formocresol pulpotomy in primary molars       
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   Table 9.7    Results of 11 ranked randomised controlled trials comparing MTA with other pulpotomy agents in primary 
teeth   

 Study (year) 
 Teeth no. 
(dropout) 

 MTA no. 
(dropout) 

 Control no. 
(dropout) 

 Follow-up 
(month) 

 Final clinical 
results 
(success%) 

 Final 
radiographic 
results 
(success%) 

 Moretti et al. 
(2008) [ 69 ] 

 45 (2)  15 (1)  CH = 15 (1)  3, 6, 12, 18, 
24 

 MTA = 100; CH = 42 ¥  

 Sakai et al. (2009) 
[ 96 ] 

 30 (0)  15 (0)  PC = 15 (0)  6, 12, 18, 
24 

 MTA = 100; 
PC = 100 

 MTA = 100; 
PC = 100 

 Oliveira et al. 
(2013) [ 80 ] 

 45 (0)  15 (0)  CH = 15 (0); 
PC = 15 (0) 

 6, 12, 24  MTA = 100; CH = 38; PC = 100 £  

 Doyle et al. (2010) 
[ 38 ] 

 270 (43)  57 (10)  FS = 58 (12); 
EF/FS = 78 
(14); FS/
MTA = 77 (7) 

 12–38  MTA = 89; FS = 54; EF/FS = 43; 
FS/MTA = 73 ¤  

 Percinoto et al. 
(2006) [ 86 ] 

 90 (0)  45 (0)  CH = 45 (0)  3, 6, 12  MTA = 96.56; CH = 86.67 

 Malekafzali et al. 
(2011) [ 63 ] 

 80 (8)  40 (4)  40 (4)  6, 12, 24  MTA = 80; CEM = 85 

 Sonmez et al. 
(2008) [ 106 ] 

 80 (24)  20 (5)  FS = 20 (5); 
FC = 20 (7); 
CH = 20 (7) 

 6, 12, 18, 
24 

 MTA = 66.6; FS = 73.3; FC = 76.9; 
CH = 46.15 

 Erdem et al. 
(2011) [ 43 ] 

 100 (0)  25 (0)  FS = 25 (0); 
FC = 25 (0); 
ZOE = 25 (0) 

 6, 12, 24  MTA = 96; FS = 88; FC = 88; 
ZOE = 68 Ǽ  

 Cardoso-Silva 
et al. (2011) [ 28 ] 

 233 (23)  G = 74 (22)  W = 136 (1)  6–84  GMTA = 100; WMTA = 98.52 

 Odabaş et al. 
(2012) [ 79 ] 

 93 (9)  42 (4)  FS = 51 (5)  1, 3, 6, 9, 
12 

 MTA = 94.7; 
FS = 84.7 

 MTA = 92.1; 
FS = 78.2 

 Liu et al. (2011) 
[ 61 ] 

 40 (6)  20 (3)  CH = 20 (3)  10–56  MTA = 94.1; CH = 64.7 £  

   MTA  mineral trioxide aggregate ( W  white,  G  grey),  CH  calcium hydroxide,  PC  Portland cement,  FS  ferric sulphate, 
 EF  eugenol-free,  ZOE  zinc oxide eugenol,  ¥ (signifi cant difference),  £ (signifi cance not reported),  ¤ (MTA versus FS or 
EF/FS: signifi cant difference),  Ǽ (MTA versus ZOE: signifi cant difference)  

9.7.3.9        Drawbacks 
 It was reported that crown discolouration is com-
mon after ProRoot MTA pulpotomy in primary 
teeth [ 61 ,  71 ]. High price and long setting time 
are two other main drawbacks of MTA [ 84 ].  

9.7.3.10    Comments 
 It appears that there are adequate randomised 
controlled trials and systematic reviews compar-
ing MTA pulpotomy of primary teeth to formo-
cresol, ferric sulphate and calcium hydroxide. 
The results are clear; however, we need to take 
into account the effects of MTA pulpotomy on 
the oral health-related quality of life as well as 
health technology assessments. 

  Note : MTA originated from Portland cement; 
however, according to FDA and CE regulations, 
materials that are manufactured outside of the 
dental industries, i.e. Portland cement, should not 
be used in the dental clinics [ 90 ]. 

  Clinical Bottom Line 

 To answer the PICO question, systematic reviews 
as well as recent  LoE1  randomised controlled tri-
als with  GoR-A  showed that in vital pulp therapy 
of primary teeth:
    1.    MTA as pulpotomy agent has superior success 

rates when compared to formocresol, calcium 
hydroxide and ferric sulphate in primary 
molar pulpotomies.   
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Study
(year)

Sonmez et al. (2008) 5/15 4/15

14/46

18.47 1.25 (0.41, 3.77)

0.03 (0.00, 0.55)

0.33 (0.04, 2.99)

0.30 (0.13, 0.68)

67.67

13.86

100.00

3/25

0/47

1/25

Doyle et al. (2010)

Erdem et al. (2011)

Overall (Mantel haenszel pooled RR)

I-squared = 53.8 %
Test for heterogeneity chi-square = 4.33, d.f. = 2, p= 0.115
Test of RR = 1: Z = 3.25, p = 0.001

aFailure/samples 0.1 1 10

Mineral trioxide aggregate
(experimental)

n/N a

Ferrice sulfate
(control)

n/N

Relative risk (RR)
(95 % CI)

RR
(95 % CI)

Weight
% 

  Fig. 9.2    Meta-analysis of three randomised clinical trials with 24-month follow-up studying the effect of mineral tri-
oxide aggregate versus ferric sulphate pulpotomy in primary molars       

Study
(year)

Oliveira et al. (2013) 0/15 10/15

9/14

38.89 0.05 (0.00, 0.75)

0.56 (0.25, 1.24)

0.62 (0.26, 1.48)

0.38 (0.21, 0.68)

33.33

27.78

100.00

7/13

5/14

5/15

Moretti et al. (2008)

Sonmez et al. (2008)

Overall (Mantel haenszel pooled RR)

I-squared = 53.8 %
Test for heterogeneity chi-square = 4.33, d.f. = 2, p = 0.115
Test of RR = 1: Z = 3.25, p = 0.001

aFailure/samples 0.1 1 10

Mineral trioxise aggregate
(experimental)

n/N a

Calcium hydroxide
(control)

n/N

Relative risk (RR)
(95 % CI)

RR
(95 % CI)

Weight
% 

  Fig. 9.3    Meta-analysis of three randomised clinical trials with 24-month follow-up studying the effect of mineral 
 trioxide aggregate versus calcium hydroxide pulpotomy in primary molars       

   Table 9.8    Results of randomised controlled trials comparing MTA with calcium hydroxide (CH) or CEM cement for 
DPC in primary teeth   

 Study (year) 
 Teeth no. 
(dropout) 

 MTA no. of teeth 
(dropout) 

 Control no. of 
teeth (dropout) 

 Follow-up 
(month) 

 Final results 
(success %) 

 Tuna and Olmez (2008) 
[ 117 ] 

 50 (6)  25 (3)  CH = 25 (3)  3, 6, 12, 
18, 24 

 MTA = 100; 
CH = 100 

 Fallahinejad Ghajari et al. 
(2010, 2013) [ 45 ,  46 ] 

 42 (4)  21 (2)  CEM = 21 (2)  6, 20  MTA = 95; 
CEM = 89 
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   2.    MTA as pulpotomy agent has similar suc-
cess rates when compared to calcium-
enriched mixture cement in primary molar 
pulpotomies.   

   3.    Grey and white MTAs have similar treatment 
effects in primary molar pulpotomies.   

   4.    MTA as pulp capping agent has similar suc-
cess rates when compared to calcium hydrox-
ide in primary molar direct pulp capping.   

   5.    MTA as pulp capping agent has similar 
 success rates when compared to calcium-
enriched mixture cement in primary molar 
direct pulp capping.    

9.7.4         Mineral Trioxide Aggregate 
for Management of Immature 
Permanent Teeth 

  PICO Question 

 In endodontic management of immature perma-
nent teeth, how does MTA compare with other 
materials in terms of treatment outcomes?  

9.7.4.1    Defi nition 
 When endodontic treatment is indicated for an 
immature open apex tooth, apexogenesis is the 
best treatment option. Continued root develop-
ment, dentin formation and apex closure usu-
ally lead to longer and stronger roots and 
consequently higher survival rate for the treated 
vital tooth. If the immature tooth is nonvital, 
clinicians may choose calcium hydroxide 
apexifi cation, apical plug apexifi cation using 
biomaterials or revitalisation (revascularisa-
tion) technique. In the fi rst traditional proce-
dure, necrotic tissue is removed, and calcium 
hydroxide is applied in several visits to induce 
apical closure by stimulating the formation of a 
calcifi ed barrier; the extended treatment time 
increases brittleness of root dentin and risk of 
fracture. 

 MTA apical plug can be also used to create an 
artifi cial apical barrier in usually one or  maximum 

two steps; this alternative treatment reduces the 
treatment time as well as the required visits to the 
dental offi ce. The newly introduced treatment 
modality, i.e. revascularisation, applies a triple 
antibiotic which medicates the root canal(s), pro-
viding an intra-canal clot scaffold into which 
blastic cells can grow. The coronal access is then 
sealed with a bioactive material. This procedure 
typically leads to formation of a vascularised tis-
sue and subnormal development of the entire root 
in anterior as well as posterior teeth [ 18 ,  77 ].  

9.7.4.2    Incidence/Prevalence 
 There is no comprehensive study to report the 
incidence/prevalence of pulp exposure of vital/
nonvital immature open apex teeth after caries 
removal and trauma; despite the common nature 
of this condition in children and adolescents. It 
must be noted that untreated nonvital immature 
teeth are sometimes found in adults.  

9.7.4.3    Aetiology 
 Pulp therapy of vital permanent immature teeth 
(apexogenesis) is usually indicated after iatro-
genic or carious pulp exposure as well as acci-
dental traumatic injuries to the teeth. In the case 
of no/inadequate treatment for such teeth, the 
dental pulp becomes nonvital, and apexifi cation, 
apical plug or revascularisation techniques may 
be indicated.  

9.7.4.4    Prognosis 
 Loss of vitality before complete root develop-
ment leaves a short, thin and weak root which is 
more prone to fracture and has poorer crown/root 
ratio. It was reported that 32 % of teeth with 
apexifi cation ended up with root fracture mainly 
subsequent to another minor trauma episode [ 6 ].  

9.7.4.5    Aim of Treatment 
(Intervention) 

 As a general rule, the clinicians must always try 
to avoid apexifi cation if apexogenesis is possible. 
In vital immature teeth with open apices, every 
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attempt must be made to maintain pulp vitality 
until root development is complete. Simulation 
of apexogenesis via revascularisation is also the 
desired treatment. If apexogenesis cannot be 
achieved, then artifi cial apical closure and apexi-
fi cation must be utilised.  

9.7.4.6    Outcomes 
 Root development and apical closure are two 
main treatment outcomes. Also, the absence of 
clinical/radiographic signs and/or symptoms of 
infl ammation or infection is interpreted as 
success.  

9.7.4.7    Methods of Search 
and Appraisal 

 Studies dating back to 1966 were located by 
searching PubMed (Medline). The main search 
terms were [systematic review(s) or randomized 
controlled trial(s) or clinical trial(s)] and [min-
eral trioxide aggregate] and [pulp cap or pulpot-
omy or vital pulp therapy or apexogenesis or 
apexifi cation or apical plug or artifi cial apical 
closure or revascularization or revitalization]. 
We also searched The Dental ELF, UTHSCSA 
Dental School CAT Library,  Journal of Evidence-
Based Dental Practice  as well as  Evidence-
Based Dentistry  and ClinicalTrials.gov for the 
keywords ‘mineral trioxide aggregate’. Only 
English- language trials were assessed. Using 
modifi ed van Tulder List and AMSTAR check-
list, randomised controlled trials and systematic 
reviews of randomised controlled trials were 
scored, respectively.  

9.7.4.8    Effi cacy 
   MTA Apexogenesis 
 The result of our search revealed that three ran-
domised controlled trials compared the success 
rates of MTA apexogenesis with calcium hydrox-
ide [ 41 ], zinc oxide eugenol [ 48 ] and calcium- 
enriched mixture cement [ 78 ] (Table  9.9 ). In 
comparison with calcium hydroxide, zinc oxide 
eugenol or CEM cement, MTA showed nonsig-
nifi cant clinical and radiographic success to 
induce apical closure in vital immature perma-
nent teeth.

      MTA Apical Plug Versus Calcium 
Hydroxide Apexifi cation 
 Two randomised clinical trials compared MTA 
with calcium hydroxide for apexifi cation of 
necrotic immature permanent teeth between 1993 
and 2011 [ 42 ,  88 ]; one was a systematic review, 
and the other was a meta-analysis [ 29 ]. They ana-
lysed the randomised controlled trials using 
Jadad scale; results of the meta-analysis showed 
comparable radiographic success and apical bar-
rier formation with both calcium hydroxide and 
mineral trioxide aggregate in immature teeth. 

 Two randomised controlled trials were also 
published after the publication of the systematic 
review with similar results and without signifi cant 
differences (Table  9.10 ); one study compared two 
commercial types of MTA (ProRoot vs. Angelus) 
[ 68 ], and the second compared MTA with calcium 
hydroxide [ 34 ]. In addition, there is a registered 
clinical trial which is completed [ 25 ]; however, 
the results have not been reported yet.

   Table 9.9    Results of three randomised controlled trials comparing MTA with CH, ZOE or CEM cement for 
apexogenesis   

 Study (year) 
 Teeth (roots) 
(no.) 

 MTA no. of 
teeth (roots) 

 Control no. of 
teeth (roots) 

 Follow-up 
(month) 

 Final results 
(success %) 

 El-Meligy and Avery 
(2006) [ 41 ] 

 30  15  CH = 15  3, 6, 12  MTA = 100; 
CH = 87 

 Ghoddusi et al. (2012) [ 48 ]  (28)  (15)  ZOE = (13)  3, 6, 12  MTA = 91.7; 
ZOE = 100 

 Nosrat et al. (2013) [ 78 ]  51 (102)  26 (59)  CEM = 25 (59)  6, 12  MTA = 100; 
CEM = 100 
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      MTA for Regenerative Endodontic 
Procedures 
 There is a lack of randomised controlled trials for 
MTA.   

9.7.4.9    Drawbacks 
 The use of MTA promotes a mild grey discolou-
ration in the crown after apexifi cation [ 55 ]; it was 
reported that coronal discolouration was observed 
in 22.7 % of teeth following white MTA place-
ment in immature open apex teeth [ 68 ]. Severe 
discolouration after grey MTA pulpotomy in 
immature permanent teeth was also reported 
[ 108 ]. It was also reported that the roots of two 
maxillary central incisors were not developed 
after regenerative endodontic treatment using 
MTA [ 76 ]. High price and long setting time are 
two other main drawbacks of MTA [ 84 ].  

9.7.4.10    Comments 
 A paradigm shift in endodontology in the last 
decade has altered the traditional treatment con-
cepts towards more biologically based regen-
erative research and practice. Regeneration of 
necrotic immature permanent teeth could be an 
invaluable technique to save countless numbers 
of anterior teeth each year; however, there are 
no standardised treatment protocols based on 
high- level evidence. There is a pressing need 
for prospective high-quality RCTs to develop 
and recommend appropriate treatment regimen 
for continued hard tissue formation of imma-
ture teeth. 

 In addition, full pulpotomy which is the most 
invasive form of VPT in apexogenesis treatment 
of vital immature permanent teeth is supported 
with limited number of randomised controlled 
trial evidence; however, there is a gap of data for 
other less aggressive VPT techniques. 

  Clinical Bottom Line 

 To answer the PICO question for permanent 
immature teeth,  GoR-A  recommendations were 
formulated (based on one systematic review and 
recent randomised controlled trials with  LoE1  
evidence) as outlined below:
    1.    MTA vital pulp dressing placed for apexogen-

esis treatment has similar success rates when 
compared to calcium hydroxide, zinc oxide 
eugenol and calcium-enriched mixture cement.   

   2.    MTA when used as apical plug for apexifi ca-
tion has similar success rates when compared 
to calcium hydroxide but reduces treatment 
time.   

   3.    ProRoot and Angelus MTA apical plugs have 
similar effects in apexifi cation treatment.    

9.7.5         Mineral Trioxide Aggregate 
for Vital Pulp Therapy 
of Mature Permanent Teeth 

  PICO Question 

 In vital pulp therapy of mature permanent teeth, 
how does MTA compare with other pulp protect-
ing materials in terms of treatment outcomes?  

   Table 9.10    Results of four randomised controlled trials regarding MTA apexifi cation   

 Study (year) 
 Teeth no. 
(dropout) 

 MTA no. of teeth 
(dropout) 

 Control no. of 
teeth (dropout)  Follow-up (month) 

 Final results 
(success %) 

 El-Meligy and 
Avery (2006) 
[ 41 ] 

 50 (0)  25 (0)  CH = 25 (0)  3, 6, 12  MTA = 100; 
CH = 86.66 

 Pradhan et al. 
(2006) [ 88 ] 

 20 (0)  10 (0)  CH = 10 (0)  11  MTA = 100; 
CH = 100 

 Moore et al. 
(2011) [ 68 ] 

 22  ProRoot = 11  Angelus = 11  3 months and 
every 6 months 

 ProRoot = 81.8; 
Angelus = 100 

 Damle et al. 
(2012) [ 34 ] 

 30 (0)  15 (0)  CH = 15 (0)  3, 6, 9, 12  MTA = 100; 
CH = 93.33 
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9.7.5.1    Defi nition 
 Theoretically, dressing and protecting an exposed 
vital pulp in mature permanent teeth from bac-
terial invasion with an ideal pulp capping mate-
rial would maintain pulp vitality. The general 
evidence- based consensus is that iatrogenic and 
symptom-free pulp exposures can be success-
fully treated by VPT [ 4 ]. For this reason, an ideal 
pulp capping material should be biocompatible, 
antimicrobial, non-toxic and specifi cally able to 
seal the path of communication between exposed 
dental pulp and oral microbial fl ora. Calcium 
hydroxide used to be the universal capping mate-
rial in the past; however, new materials, i.e. MTA 
and CEM, have replaced it with a very positive 
trend in recent years. 

 The traditional school of thought recom-
mended high-price root canal therapy for cari-
ous pulp exposures in mature permanent teeth 
specifi cally with signs of irreversible pulpitis 
and apical periodontitis; however recently, sev-
eral clinical studies have reported that vital teeth 
can be treated successfully with low-price VPT 
[ 4 ,  16 ,  26 ,  39 ]. One- and two-year results of an 
ongoing multicentre randomised clinical trial 
have revealed that in comparison with root canal 
therapy, VPT/CEM is a cost-effective and reli-
able bio-method for management of permanent 
molars with irreversible pulpitis with/without 
apical periodontitis [ 14 ,  15 ]. Moreover, it also has 
an outstanding pain-reducing effect in irrevers-
ible pulpitis [ 10 ] and can be recommended for 
general clinical practice. This treatment modality 
will doubtlessly improve quality of dental care 
for mature vital permanent teeth.  

9.7.5.2    Incidence/Prevalence 
 Dental caries has remained the most prevalent 
chronic disease of humans; the main chief com-
plaint of patients with deep dental caries/irrevers-
ible pulpitis, seeking for dental care, is pain [ 7 ]. 

 A recent Cochrane review stated that mean 
incidence of pulp exposure is 34.7 % after com-
plete caries removal for the management of den-
tinal caries in previously unrestored primary and 
permanent teeth [ 92 ]. 

 On the other hand, apical periodontitis is an 
important radiographic sign for untreated 

decayed teeth as well as failed root canal treated 
teeth. Current evidence demonstrates that an 
infl amed vital pulp can lead to AP and a recent 
study showed that CBCT can detect AP better 
than conventional radiography specifi cally in 
teeth with irreversible pulpitis [ 1 ]. A systematic 
review of epidemiological studies on more than 
300,000 teeth from 33 studies mostly performed 
in developed countries verifi ed that the preva-
lence of AP is very high, broadly equivalent to 
1 radiolucency per patient [ 83 ].  

9.7.5.3    Aetiology 
 The cause and effect relationship between the 
presence of microorganisms and pulpal infl am-
mation and necrosis is well documented [ 56 , 
 99 ]. In germ-free animal models, the pulp- 
periapical complex remained vital and without 
any infl ammation/necrosis after pulp exposure. 
Therefore, microorganisms and their toxins 
play the most important role in the aetiology of 
pulp and periapical pathosis (e.g. pulpitis and 
AP) [ 99 ]. 

  Note:  There is no scientifi c basis on which to 
assess the value of markers of infl ammation 
intended to differentiate between reversible and 
irreversible pulpitis [ 65 ], making clinical diag-
nosis of pulpal status perplexing. As a general 
consensus in endodontology, there is poor cor-
relation between clinical signs/symptoms of 
pulpal diseases with histological features, i.e. 
infl ammation [ 98 ]; therefore, these complicated 
clinico- histological terminologies need recon-
sideration. Added to this ambiguity is the fi nding 
that several clinical studies have proved that 
clinically diagnosed irreversible pulpitis can be 
associated with radiographically apical peri-
odontitis [ 26 ,  116 ]. Immuno-histological evi-
dence revealed that not only an infected necrotic 
pulp but also an infl amed vital pulp has the 
potential to extend the infl ammation to periapi-
cal tissues at an early stage and create apical 
periodontitis [ 122 ]. Whilst two-dimensional 
periapical radiographs have limited    ability to 
detect such lesions [ 24 ], three-dimensional cone-
beam computed tomography can distinguish AP 
in 13.7 % of examined human teeth with estab-
lished irreversible pulpitis [ 1 ].  
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9.7.5.4    Prognosis 
 Current best evidence provides inconclusive 
information regarding factors infl uencing treat-
ment outcome of vital pulp therapy in permanent 
teeth [ 4 ]. A preliminary retrospective study stated 
that there is a statistically signifi cant association 
between the clinical status of pulpotomy and 
quality of restoration [ 36 ]; however, a recent 
prognostic study reported that the type of pulp 
capping material (i.e. MTA) was the single most 
important factor infl uencing the tooth survival 
rate [ 30 ]. 

 Surprisingly, there is also a defi cit of high- 
level evidence for the effect of treatment factors 
on primary root canal treatment outcome for 
management of various pulpal diagnoses [ 93 ]. 
Besides, a high-quality cohort study revealed 
that the survival rate of endodontically treated 
teeth in comparison to their vital counterparts is 
alarmingly low, with molars having the worst 
survival rates (hazard ratio = 7.4; CI 95 %: 3.2–
15.1) [ 27 ].  

9.7.5.5    Aim of Treatment 
 Vital pulp therapy for permanent mature teeth is 
typically indicated after iatrogenic or carious 
pulp exposure as well as accidental traumatic 
injuries to the teeth. When no/inadequate treat-
ment is carried out for such teeth, the dental 
pulp becomes nonvital, and traditionally, pulp-
ectomy and primary root canal therapy may be 
indicated. Consequently, the main treatment 
objective of VPT is to maintain pulp vitality of 
a carious permanent mature tooth by protecting 
the remaining pulp using a pulp capping agent 
so that the tooth becomes symptom-free and 
functional. 

 In case of ordinary root canal therapy, the 
three-dimensional seal of the root canal system 
after appropriate root canal cleaning and shaping 
is the main aim.  

9.7.5.6    Outcomes 
 The clinical outcome is based on the absence of 
subjective symptoms (i.e. pain) and objective 
observation of infl ammation and/or infection, i.e. 
abscess, swelling, sinus tract and tenderness 
upon palpation/percussion. The most important 

radiographic outcome is when AP is prevented or 
when healing of existing AP.  

9.7.5.7    Methods of Search 
and Appraisal 

 Studies dating back to 1966 were located by 
searching PubMed (Medline). The main search 
terms were [systematic review(s) or randomized 
controlled trial(s) or clinical trial(s)] and [mineral 
trioxide aggregate] and [pulp* or pulp cap or pulp-
otomy or vital pulp therapy]. We also searched The 
Dental ELF, UTHSCSA Dental School CAT 
Library,  Journal of Evidence-Based Dental 
Practice  as well as  Evidence-Based Dentistry  and 
ClinicalTrials.gov for the keywords ‘mineral triox-
ide aggregate’. Only English- language trials were 
assessed. Using modifi ed van Tulder List and 
AMSTAR checklist, randomised controlled trials 
and systematic reviews of randomised controlled 
trials were scored, respectively.  

9.7.5.8    Effi cacy 
 Whilst there were ten randomised controlled trial  
[ 11 ,  44 ,  53 ,  59 ,  73 ,  91 ,  97 ,  100 ,  123 ,  124 ], we 
found only one systematic review [ 4 ]. The review 
analysed nonrandomised clinical trials and there-
fore was not classifi ed as LoE1. Seven histologi-
cal/immunohistochemical studies (Table  9.11  
[ 44 ,  53 ,  73 ,  97 ,  100 ,  123 ,  124 ]) were found that 
compared MTA pulp capping with calcium 
hydroxide ( n  = 4), calcium-enriched mixture 
( n  = 2) and different powder/liquid ratio of itself 
( n  = 1) on caries-free vital teeth; only one study 
looked at incipient caries [ 53 ]. There are three 
randomised controlled trials carried out for man-
agement of teeth with deep caries or established 
irreversible pulpitis (Table  9.12 ). One study com-
pared MTA with calcium hydroxide for partial 
pulpotomy of permanent molars with deep caries 
[ 91 ], another study compared MTA with calcium 
hydroxide as indirect pulp capping [ 59 ], and 
fi nally a multicentre randomised controlled trial 
compared the post-operative pain relief as well as 
clinical and radiographic outcomes of pulpotomy 
in human permanent molars with irreversible pul-
pitis using calcium-enriched mixture cement or 
MTA [ 11 ]. There were no statistical signifi cances 
between MTA and CEM or MTA and calcium 
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hydroxide reported in these randomised con-
trolled trials.

     Note:  Histological studies evaluating pulp 
response to vital pulp therapy have been mainly 
carried out on caries-free or incipient caries vital 
teeth which were candidates for extraction shortly 
after. This shows that the studies were undertaken 
in different population, i.e. normal intact teeth ver-
sus carious teeth with pulp exposure or pulpitis. 
According to evidence-based practice concepts, 
the results of these kinds of studies should be 
excluded because they address a different popula-
tion than the one required. In addition, histological 
evaluation is classifi ed as a surrogate outcome. 
The surrogate outcome usually allows prediction 
of treatment effect on the more clinically relevant 
outcome but does not directly measure the main 
clinical benefi t. The surrogate outcome is consid-
ered valid for an intervention if it is statistically 
associated with the true clinical outcome [ 89 ]. 
However, the presence/absence, type and intensity 
of histological pulp infl ammation as surrogate 
variables do not inevitably represent the true short- 

and long-term treatment outcome, i.e. pain and 
tooth survival. Furthermore, only a minimal asso-
ciation between clinical and histological fi ndings 
could be established for MTA or calcium hydrox-
ide direct pulp capping [ 53 ].  

9.7.5.9    Drawbacks 
 Tooth discolouration caused by white MTA used 
for the management of a complicated crown frac-
ture via partial pulpotomy has been reported [ 22 ]. 
High price and long setting time are two other 
main drawbacks of MTA [ 84 ].  

9.7.5.10    Comments 
 In current dental practice, VPT has become an 
accepted treatment for  reversible  pulpitis, with 
predictable outcomes [ 23 ]. When  irreversible  
pulpitis is clinically diagnosed, the common 
school of thought recommends removal of entire 
vital pulp, despite containing competent stem 
cells with proliferative potential [ 121 ]. In the 
light of recent evidences and in order to gain a 
better understanding of pulp healing capability, 

   Table 9.12    Results of randomised controlled trials regarding vital pulp therapy with MTA versus calcium hydroxide 
(CH), Dycal or calcium-enriched mixture (CEM) cement in mature permanent teeth   

 Study (year) 
 Teeth no. 
(dropout) 

 MTA no. of teeth 
(dropout) 

 Control no. of 
teeth (dropout) 

 Follow-up 
(month) 

 Final outcomes 
(success %) 

 Qudeimat et al. 
(2007) [ 91 ] 

 64 (13)  32 (3)  CH = 32 a  (10)  25.4–45.6  MTA = 93.7; 
CH = 91 

 Leye Benoist et al. 
(2012) [ 59 ] 

 60 (0)  30 (0)  Dycal = 30 (0)  3 and 6  MTA = 89.6; 
Dycal = 73.3 

 Asgary and Eghbal 
(2013) [ 11 ] 

 413 (67)  MTA = 208 (29)  CEM = 205 (38)  12  MTA = 95; 
CEM = 92 

   a Non-setting CH then setting layer of CH  

   Table 9.11    List of histological studies with RCT design regarding vital pulp therapy with MTA versus calcium 
hydroxide (CH) or calcium-enriched mixture (CEM) cement in mature permanent teeth   

 Study (year)  Teeth (no.)  MTA (no. of teeth) 
 Control 
(no. of teeth)  Follow-up 

 Iwamoto et al. (2006) [ 53 ]  48  24  Dycal = 24  136 ± 24 days 
 Nair et al. (2008) [ 73 ]  33  20  CH = 13  1 week, 1 and 

3 months 
 Sawicki et al. (2008) [ 97 ]  48  24  CH = 24  47–609 days 
 Zarrabi et al. (2010, 2011) [ 123 ,  124 ]  32  16  CEM = 16  2 and 8 weeks 
 Shahravan et al. (2011) [ 100 ]  29  3 water/powder ratios  –  30 days 
 Eskandarizadeh et al. (2011) [ 44 ]  90  WMTA = 30, GMTA = 30  Dycal = 30  30, 60 and 

90 days 
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the infl ammatory process and pathogenesis of the 
dental pulp need to be reconsidered, particularly 
in cases of irreversible pulpitis [ 14 ]; such a mod-
ern approach can lead to preservation of the den-
tal pulp in mature permanent teeth and, thus by 
healing of the diseased pulp, can have a positive 
impact on improving the tooth survival rate as 
well as patients’ quality of life. 

 Current dental educational system defends 
the correlation between spontaneous pain or lin-
gering pain in response to cold stimuli and the 
existence of irreversible pulpitis that necessi-
tates the complex/expensive process of root 
canal therapy. However, several talented dental 
students have asked a long overdue and funda-
mental question:  Currently pulp preservation 
and regeneration in endodontic procedures is 
being increasingly emphasised in the educa-
tional curriculum, clinicians even aim to revit-
alise the immature necrotic pulp; then why do 
endodontists intentionally extirpate infl amed 
vital pulps with clinical diagnosis of irrevers-
ible pulpitis?  Root canal therapy of vital teeth is 
currently based on a  poor correlation  between 
clinical signs/symptoms and histological feature 
of the pulp [ 97 ]. Amazingly, there are LoE1 ran-
domised controlled trials that show the vital 
pulp of mature molars with irreversible pulpitis 
that were successfully treated with simple low-
cost pulpotomy treatment using appropriate bio-
materials. These trials demonstrated that full 
pulpotomy with MTA or CEM biomaterials, as 
the most invasive form of VPT, established 
favourable short- to long-term outcomes [ 10 , 
 11 ,  14 ,  15 ]. It seems that endodontology needs 
to reconsider the nomenclature of dental pulp 
diseases and consequently create a paradigm 
shift in endodontic treatment approaches. 

 Currently, the proportion of the population 
who is unable to afford dental services due to its 
high cost is increasing, even in developed affl u-
ent countries [ 13 ]. To solve this problem, govern-
ments should accept responsibility to increase the 
overall spending for dental disease prevention 
protocols as well as evidence-based low-cost 
dental services. Researchers, on the other hand, 
should provide evidence employing recent pro-
gresses in endodontology and constantly suggest 

more biologic, cost-effective and successful 
 simple treatment alternatives. 

 In the future, conducting the studies that con-
sider the effects of VPTs on the oral health- 
related quality of life as well as health technology 
assessment and evidence-based practice guide-
lines is recommended. Last but not least, is the 
need for outcome assessment of less or non- 
invasive forms of VPT. 

  Clinical Bottom Line 

 To answer the PICO question, randomised con-
trolled trials with  LoE1  have led to  GoR-A  (grade 
A recommendations) in vital pulp therapy of 
mature permanent teeth that state:
    1.    MTA partial pulpotomy has similar success 

rates when compared to calcium hydroxide 
for management of symptom-free carious 
pulp exposure in fi rst molars.   

   2.    MTA indirect pulp capping has similar suc-
cess rates when compared to calcium hydrox-
ide in teeth with active deep carious lesion/
reversible pulpitis after 6 months.   

   3.    MTA full pulpotomy has similar pain relief 
effect as well as clinical/radiographic success 
rates when compared to calcium-enriched 
mixture (CEM) cement in molar teeth with 
irreversible pulpitis.    
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