


Editorial Staff

Editor SUM Chee Peng

Singapore Dental Journal

ISSN 0377-5291
© 2013 Elsevier

Published by Elsevier (Singapore) Pte. Ltd.

Reviewers

CHENG Chi Chung Ansgar
CHEW Ming Tak
CHUNG Kong Mun
HENG Alexis 
HO Kok Sen
HONG Hsu Ling Catherine
JEE Shizhuan Terence
KALRA Mehek 
KWA Chong Teck
LIM Chong Yang Arthur
LIM Kian Chong Gerald
LIM Lum Peng
LIM Sze Kheng
LIU Hua

LOH Fun Chee
LOW Huey Moon
LOW Hwee Hiang
MAH Kuan Seet Michael
NG Chai Hoon Clarisse
NG Cher Hui Mervyn
ONG Meng Ann Marianne
OW Tjin-Chiew Andrew
ROSA Vinicius
ROBINSON Narendran Andrew 
SEE TOH Yoong Liang
TAHIR Rashid
TAN Kai Soo
TAN Kwong Shen Winston

TAN Peng Hui
TAY Bee Kiong Fidelia
TONG Huei Jinn
WANG Chia-Wei Wendy
WEE Tze Haur
WONG Liping Florence
WONG Mun Loke
WONG Soon May Adeline 
WU Loo Cheng
YANG Shi Lin Sherine
YAP U Jin Adrian
YEO Jin Fei
YU Soo Hoon Victoria



The Singapore Dental Journal (SDJ) is the official, peer-reviewed 
publication of the Singapore Dental Association. It is published 
annually by Elsevier (Singapore) Pte Ltd. The SDJ is listed in 
MEDLINE.

  The SDJ aims to advance the practice of dentistry and care of 
patients among members of the Association and dentists in the 
region through the dissemination of information and research 
findings in the field of dental science and technology. The scope of 
the journal covers all fields related to the present-day practice of 
dentistry, and includes Restorative Dentistry (Operative Dentistry, 
Dental Materials, Prosthodontics and Endodontics), Preventive 
Dentistry (Periodontics, Orthodontics, Paediatric Dentistry, Public 
Health and Health Services), Oral Medicine, Oral Surgery and Oral 
Pathology. Articles pertaining to dental education and the social, 
political and economic aspects of dental practice are also 
welcomed.

  Articles are divided into four types: Reviews, Scientific/Clinical 
articles, Case Reports/Techniques, and Posters.

Editorial Office
The Editor, Singapore Dental Journal, Singapore Dental 
Association, 2 College Road, Singapore 169850.
Tel: (+65) 6220-2588; Fax: (+65) 6224-7967;
E-mail: sdj@sda.org.sg

Business Communication / Advertisements
Requests for information and orders should be addressed to:
 The Administrative Officer, Singapore Dental Association,
 2 College Road, Singapore 169850.
 Tel: (+65) 6220-2588; Fax: (+65) 6224-7967
 E-mail: sdj@sda.org.sg; Website: http://www.sda.org.sg

  Advertisements are reviewed in light of appropriate ethical 
considerations before being accepted for publication. The 
publication of advertisements relies on the responsibility of the 
advertiser to comply with all legal requirements relating to the 
marketing and sale of the products or services advertised. The 
publication of an advertisement neither constitutes nor implies a 
guarantee or endorsement, by the Singapore Dental Association 
and the Publisher, of the product or service advertised, or the 
claims made for it by the advertiser. The SDJ reserves the right to 
discontinue any advertisement it so wishes.

Subscription Information
Requests for information and orders should be addressed to the 
Editorial Office. Please forward any change of address to the 
Editorial Office: allow 8 weeks for all notification of changes to 
take effect. All communication during this time should include 
both old and new addresses (with postal codes).

• The SDJ is distributed free to all members of the Singapore 
Dental Association and selected institutions.

• Each issue of the SDJ may be purchased at the price of S$15.00 
(exclude GST) per copy.

Copyright Information
Submission of a manuscript implies:

• that the work described has not been previously published 
(except in the form of an abstract);

• that it is not under consideration for publication elsewhere;

• that it has been approved by all co-authors, if any, as well as by 
the responsible authorities at the institute where the work was 
carried out;

• that, if and when the manuscript is accepted for publication, 
the authors agree to automatic transfer of copyright to Elsevier 
(Singapore) Pte Ltd;

• that the manuscript will not be published elsewhere in any 
language without consent from Elsevier (Singapore) Pte Ltd;

• that written permission has been obtained by the authors from 
the copyright holders of material used from other copyrighted 
sources.

  All articles published in the SDJ are protected by copyright, 
which covers the exclusive rights to reproduce and distribute the 
article, as well as translation rights. No part of this publication 
may be reproduced, stored in any retrieval system, or transmitted 
in any form or by any means, electronic, mechanical, by 
photocopying, recording, or otherwise, without prior written 
permission from Elsevier (Singapore) Pte Ltd.

Disclaimer
While the advice and information in this journal are believed to be 
true and accurate at the date of it going to press, the authors, the 
Singapore Dental Association, and the Publisher, cannot accept 
any legal responsibility for any errors or omissions that may be 
made. They make no warranty, express or implied, with respect to 
material contained herein. The opinions expressed in this journal 
belong to the authors and do not necessarily reflect the opinions 
of the Singapore Dental Association and the Publisher.

Publisher
Elsevier (Singapore) Pte Ltd
3 Killiney Road
# 08-01 Winsland House I
Singapore 239519
Tel: (+65) 6349-0200
Fax: (+65) 6733-1817

General Information



Singapore Dental Journal

C o n t e n t s

 December 2013    �  Vol  34   �  No  1 

Letter from the Editor
Sum Chee Peng

 v 

Review
  Treatment of pulps in teeth affected by deep caries  –  A systematic review of the literature 
 Gunnar Bergenholtz ,  Susanna Axelsson ,  Thomas Davidson ,  Fredrik Frisk ,  Magnus Hakeberg , 
 Thomas Kvist ,  Anders Norlund ,  Arne Petersson ,  Isabelle Portenier ,  Hans Sandberg , 
 Sofia Tran æ us  and  Ingegerd Mejare  

 1 

Review
  What and where are the stem cells for Dentistry? 
 Vinicius Rosa  

 13 

Review
  Health and safety in the dental clinic  –  Hygiene regulations for use of elemental mercury in 
the protection of rights, safety and well-being of the patients, workers and the environment 
 Chunhan Ngim  and  Allister Daquan Ngim  

 19 

Case Report
  Double papilla repositioned flap for the treatment of isolated recession  –  A case report 
 Neetha J. Shetty  

 25 



S i n g a p o r e  D e n t a l  J o u r n a l  3 4  ( 2 0 1 3 )  v

Letter from the Editor

It is an honour to be allowed to serve as the Editor of the 
Singapore Dental Journal (SDJ). 

One of the hardest things the editorial team had to think 
about was what the role of our journal is or should be. 
Perhaps, Education and Information may be the most 
important roles of our journal since it is published once a 
year. Given that most dentists do not have access to the full 
papers of many academic dental journals, we thought that 
several reviews a year might be useful. We have successfully 
invited three reviews from scholars recommended by the 
Editorial team. We are ever grateful to them for taking the 
time and making the effort to write for us, to these authors 
my heartfelt gratitude and deepest appreciation.

From one of the reviews in this issue, you will see that, thus 
far, even for something that we have done for a very long 
time and may think that the procedure is backed up by solid 
research and science - pulp capping, the evidence from dental 
research falls short of the strict standards required for it to be 
recognized as evidently scientific. Note here that when 
considering if something we do is scientific, we are using the 
yardstick known as the hierarchy of evidence.

It was fortuitous that a member of our team had been keeping 
up with developments with worldwide attention on mercury 
hygiene issues. A review was invited from an author who 
conducted original research on mercury hygiene and its 
effects on dentists in Singapore in the early 1980s. As you are 
already aware, with signing of the Minamata Convention, a 
statement of the Ministry of Health announced that the 
undergraduate dental curriculum will phase out the teaching 
of dental amalgams (as reported by Today, online version 
dated 10 October 2013, sighted on 30 October 2013, available 
from http://www.todayonline.com/singapore/mercury-
poisoning-fears-prompt-new-guidelines-silver-dental-
fillings). Going into the future, it is likely that the use of 
amalgams will be reduced and will eventually die out in 
Singapore. Here again, though there may be evidence that 

mercury is very toxic in specific experiments or case reports, 
note that on the scale of the hierarchy of evidence, there is 
insufficient evidence to say mercury in amalgams is 
poisonous and as a result of that should be discontinued in 
humans. Note that saying that there is no solid scientific 
evidence to say that it is not poisonous does not mean that 
mercury or amalgam use is entirely safe.

Another review was invited from the local experts on stem 
cell research in dentistry and what it might mean to the 
future of dental practice. We hope you will find the review 
useful and informative.

The editorial team met again recently and we have drawn up 
a list of things that we will try to do to increase publishing in 
the SDJ by local authors. The team led by the Convenor of the 
Editorial committee, Dr. Terence Jee, will consult with all 
stakeholders concerned and put these plans into action. 
Already my predecessors had worked hard to position the 
SDJ so that it is indexed in Index Medicus and hence when 
articles are published in our journals, the articles can be 
found through search via PUBMED. Being indexed is very 
important as what is published get exposure to other 
researchers in the field. We know we have to work very hard 
to maintain this However; plans are just that - plans till we 
have agreement by all stakeholders concerned. If we are 
successful in our plans we should have a steady stream of 
publications by local authors. When that happens, we hope 
to be able to put out two issues a year and eventually have 
the journal listed in more credible literature publication 
indices and would then attract more international authors to 
publish with us. If you have any suggestions, please do not 
hesitate to write to SDJ Administrator at sdj@sda.org.sg

We hope that you will all give us your full support and work 
towards ensuring that our journal remains relevant and 
useful to the membership.

Best wishes for a bright, cheerful and healthy year in 2014.

Editor
SUM Chee Peng 

journal homepage: www.elsevier.com/locate/sdj 

Available online at www.sciencedirect.com
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Review

Treatment of pulps in teeth affected by deep caries – A
systematic review of the literature

Gunnar Bergenholtzn, Susanna Axelsson, Thomas Davidson, Fredrik Frisk,
Magnus Hakeberg, Thomas Kvist, Anders Norlund, Arne Petersson, Isabelle Portenier,
Hans Sandberg, Sofia Tranæus, Ingegerd Mejare

Varsaparken, Gothenburg, Sweden

a r t i c l e i n f o

Keywords:

Endodontics

Pulp biology

Dental pulp disease

Restorative dentistry

a b s t r a c t

Background: This systematic review assesses the effect of methods commonly used to

manage the pulp in cases of deep caries lesions, and the extent the pulp chamber remains

uninfected and does not cause pulpal or periapical inflammatory lesions and associated

tooth-ache over time.

Study design: An electronic literature search included the databases PubMed, EMBASE, The

Cochrane Central Register of Controlled Trials and Cochrane Reviews from January 1950 to

March 2013. In addition, hand searches were carried out. Two reviewers independently

evaluated abstracts and full-text articles. An article was read in full if at least one of the

two reviewers considered the abstract potentially relevant. Altogether, 161 articles were

read in full text. Of these, 24 studies fulfilled established inclusion criteria. Based on

studies of at least moderate quality, the quality of evidence of each procedure was rated in

four levels according to GRADE.

Results: No study reached the high quality level. Twelve were of moderate quality. The

overall evidence was insufficient to assess which of indirect pulp capping, stepwise

excavation, direct excavation and pulp capping/partial pulpotomy, pulpotomy or pulpect-

omy is the most effective treatment approach for teeth with deep caries.

Conclusions: Because of the lack of good studies it is not possible to determine whether an

injured pulp by deep caries can be maintained or whether it should be removed and

replaced with a root canal filling. Both randomized studies and prospective observational

studies are needed to investigate whether a pulp exposed to deep caries is best treated by

measures intended to preserve it or by pulpectomy and root filling.

& 2013 Published by Elsevier B.V.
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Introduction

Pulpal inflammation, caused by deep caries infection, can be
clinically managed either by an attempt to preserve the
tissue, or remove it and root-fill the tooth. Considerable
controversy exists on the issue and it is frequently main-
tained that pulp capping/pulpotomy procedures should be
considered for minimally affected teeth where the exposure
occurred through healthy and non-carious dentine (for
review see e.g. [1–3]). The advantage of preserving the pulp
is nevertheless obvious in cases with large pulp chambers
and underdeveloped roots because pulpectomy arrests root
development. The dentinal walls in the root canal will then
be thin and increase the risk of root fracture. Thus, from a
biological, patient and cost perspective, especially in young
teeth, the route of retaining all or some of the pulp can be
seen preferable.

There are several modes to preserve pulpal vitality in
teeth with deep caries. In recent years indirect pulp capping
has been advocated in several reports (e.g. [4,5]). By leaving
the deepest layer of carious dentine undisturbed, the aim of
this method is to avoid exposure of the pulp and thus
enhance what is believed to be a better long-term outcome.
Favourable outcome studies have been reported [4–6]. Carious
tissue may also be completely removed, either at the same
appointment (complete caries excavation) or in one or more
treatment steps (stepwise excavation). In the latter case the
objective is to allow the pulp an opportunity to recover, at the
same time as a potentially unnecessary pulpal exposure may
be prevented. If the pulp happens to be exposed, the wound
can then be treated with a conservative procedure (direct
pulp capping or partial or complete pulpotomy). The most
radical approach is to remove the entire pulp (pulpectomy)
and replace it with a root filling. In this report we examine the
scientific support for the effect of these procedures, i.e. that
the pulp chamber remains uninfected and does not give rise
to pulpal or periapical inflammatory lesion and associated
toothache.

Systematic review reports have recently addressed the
area [7–9]. One propose is that the pulp capping has a
reasonably good outcome in a short-term perspective [7],
while others see advantages of step excavation or one-step

incomplete excavation in comparison to two-step incomplete
or complete caries removal [8,9].

The present review is part of a more comprehensive
systematic review first published in Swedish by the Swedish
Council on Health Technology Assessment (SBU) covering
methods of diagnosis and treatment in endodontics [10]. In
2012 an English translation was made available. SBU is an
independent national authority for the critical evaluation of
methods for preventing, diagnosing and treating health care
problems.

The specific questions addressed in this report were

� How effective are the different methods for preserving the
pulp in a vital, asymptomatic condition in teeth with deep
caries?

� How effective is pulpectomy in comparison?
� What factors may influence healing after a pulpectomy

procedure?

Material and methods

Electronic literature search included the databases PubMed,
Embase and CENTRAL. All languages were accepted provided
there was an abstract in English. Articles published between
1950 and 2010 were sought in the first series of searches.
Considered were articles in all languages having at least a
summary in English or Swedish. For this review, articles
published between 2010 and 2013 were pursued by March
2013 and added. Also searches by hand were carried out.
Table 1 describes the inclusion criteria and Table 2 the
exclusion criteria for the selected studies.

The review process

Two assessors (GB and IM) examined independently the
abstracts of the acquired studies. The objective was to identify
studies, which were relevant to the three questions. The results
were compared and full-text versions were ordered of all
articles judged as relevant or “possibly relevant”. The same
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two assessors then examined independently the full-text
versions. In order to determine whether a study warranted
inclusion in the third phase of the review process, predeter-
mined inclusion and exclusion criteria were applied. The
reasons for exclusion of a study were noted. Studies judged
by at least one of the assessors to fulfil, or possibly fulfil the
inclusion criteria were selected for inclusion in the final review.

The review evaluated the relevance and the methodologi-
cal quality such as study design, internal validity (reason-
able guarantee against systematic errors), analysis of the
results, statistical power and generalizability. In order to
ensure uniform, transparent and reproducible assessment

with limited subjectivity, appraisal sheets were used, speci-
fically structured for various study designs and research
question. After appraisal, each study was rated for methodo-
logical quality (high, moderate, or low; Table 3). When there
was lack of consensus about the quality of a study, the
articles were appraised by the entire project group. In cases
where the appraisal concerned a paper in which a member of
the project group was an author, or had any other kind of
association with the content of the study, the entire expert
committee participated in the final evaluation. Finally,
important facts from the included studies were summarized
and tabulated.

Table 1 – Inclusion criteria.

Population Deciduous or permanent teeth of all ages. While the response of the pulp of a deciduous tooth might be different from that of
the permanent tooth, studies on deciduous teeth were accepted with respect to stepwise excavation and direct or indirect
pulp capping to avoid losing important information.
Studies calculating the cost effectiveness and cost benefit.
Study type: randomisation controlled studies (RCT) quasi-RCT, controlled clinical studies (CCT) or prospective cohort studies
with reference groups.
Observation time Z1 year,
Attrition r30% of included individuals

Intervention Indirect pulp capping, direct pulp capping, partial pulpotomy, pulpotomy and pulpectomy.
Pulp capping using various wound dressings.
Pulp exposure after stepwise and immediate complete caries excavation.

Control RCT, quasi-RCT, (CCT) or prospective cohort with reference group. Acceptable reference groups are groups within the cohort,
e.g. age, size of pulp exposure, degree of root closure.

Outcome Survival of the pulp, verified by absence of symptoms, sensibility testing, radiographic examination or closure of the roots in
young teeth.
With reference to studies on pulpectomy: the minimum allowable unit for effect measure is the individual tooth.

Table 2 – Exclusion criteria.

Population Animal studies.
Human experimental studies employing teeth with healthy pulps.
Retrospective studies, observational studies (cohorts without comparison groups).
Studies with undefined populations or small samples.

Intervention Studies with traumatic lesions, pulpotomy in deciduous teeth, pulp dressings which devitalize pulpal tissue, apexification
(closure of the root).

Control Retrospective studies, prospective observational studies without reference groups.

Outcome Studies with undefined outcome measures.

Table 3 – Criteria of high, moderate and low quality study.

High: small risk of bias RCT with adequate (generalizable) patient spectrum, consecutive inclusion, number of eligible patients reported,
adequate randomization method, power calculation, one tooth/patient; outcome measures defined and
validated with clinical and radiological data with at least two blinded investigators to outcome, reliability test
reported; follow-up time: Z2 years for primary teeth; Z5 years for permanent teeth; attrition analyzed if o30%;
precision of results reported; data presented in four-fold tables, adequate data analysis.

Moderate: moderate risk
of bias

RCT or CCT (cohort study with comparator group) not fulfilling all requirements for high quality but adequate
patient spectrum; outcome measures defined and validated against clinical and radiographic data at least one
blinded investigator to outcome; follow-up time: Z1 year for primary and permanent teeth; attrition analyzed if
430%; adequate data analysis; if CCT: important (known) confounders at baseline controlled for.

Low Studies not fulfilling criteria for moderate quality, e.g. high risk of bias, retrospective study.
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The result of treatment (the effect measure) was ascer-
tained by determining that healing of either pulp or periapi-
cal tissue had occurred. For stepwise excavation and pulp
capping or partial pulpotomy, these criteria were applied:

� asymptomatic tooth;
� positive response to sensitivity testing;
� radiographically normal periapical conditions; and
� continued root development in immature teeth.

Criteria for lack of healing included:

� pain and tenderness in the tooth and
� necrotic pulp as indicated by clinical and radiographic

observations.

For teeth treated by pulpotomy or pulpectomy, the out-
come was evaluated primarily on the basis of radiographic
examination. Subjective symptoms were noted in addition, as
well as other clinical findings, which indicated the develop-
ment of a root canal infection.

Selection of studies

The literature search yielded 852 abstracts, of which 691 were
considered irrelevant. In all the 161 full-text articles were
assessed according to the predetermined criteria for inclu-
sion/exclusion described above. Articles, which met the
inclusion criteria, were scrutinized and assessed with the
aid of the appraisal form and rated. Twenty-four studies were
finally included (Fig. 1). Yet only those, which were rated, at
least of moderate quality, were used for assessment of the
overall quality of evidence (see below). With the main reason
for exclusion the excluded studies were listed in an Appendix
(can be requested from SBU, E-mail address: http://www.sbu.se).
The same apply to included studies given a rate of low quality.

Rating quality of evidence

The quality of evidence of the accuracy of each methodolo-
gical procedure was rated in four levels according to GRADE
[11,12]:

� High (þþþþ): based on high- or moderate-quality studies
containing no factors that weaken the overall judgement.

� Moderate (þþþo): based on high- or moderate-quality
studies containing isolated factors that weaken the overall
judgement.

� Limited (þþoo): based on high- or moderate-quality studies
containing factors that weaken the overall judgement.

� Insufficient (þooo): the evidence base is insufficient when
scientific evidence is lacking, the quality of available studies is
low or studies of similar quality are contradictory.

GRADE amounts to asking how much confidence one can
have in a particular estimate of effect. Is it built on solid
ground, or is it likely that new research findings will change
the evidence in the foreseeable future? The rating starts at
high, but confidence in the evidence may be lowered for
several reasons, including limitations in study design and/or
quality, inconsistency or indirectness of results, imprecision
of estimates and probability of publication bias. Any dis-
agreements about inclusion/exclusion criteria, rating quality
of individual studies or quality of evidence of test methods
were solved by consensus.

Results

Exposure and healing of pulps on various caries excavation
procedures

Four randomized controlled studies of moderate quality
found that the risk of pulp exposure increased with immedi-
ate complete excavation of caries compared with stepwise
excavation (relative risk¼2.2 (95% CI¼1.6;3.0)) or indirect
pulp capping [5,13–15]. A very recent multi-centre RCT of
moderate quality [4] observed better success rate for indirect
pulp capping than stepwise excavation after an observation
period of 3 years, 91% versus 69%. This report included 22
operators and a total of 299 teeth. Selection was based on
caries to or deeper than half the distance to the pulp. A single
centre RCT of 94 primary and 60 permanent mandibular
molars of 4–15 year old individuals observed no difference
in pulpal exposure between indirect pulp capping and step-
wise excavation, while more pulpal exposures occurred after
direct caries excavation [5]. Pulpal healing rate in the study
varied from 95% (direct caries excavation) to 100% (indirect
pulp capping). Table 4 gives details on the studies evaluated
moderate quality for vital pulp treatment.

Direct pulp capping

Two randomized controlled studies [13,16] and a prospective
cohort study [17], all of moderate quality, investigated healing
of pulps in teeth with either asymptomatic or symptomatic

Number of abstracts

scrutinised

852

Not relevant

691

Number of full text

articles evaluated

161

Excluded
137

Included 
24

Fig. 1 – Flow diagram of literature search.
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Table 4 – Study details of vital pulp treatment of deep caries lesions. Effect (pulp exposure and/or healing) of one-visit treatment (incomplete or complete excavation) or two
visit treatment (stepwise excavation). IPC¼1-visit indirect pulp capping leaving caries behind permanently, SWE¼2-visit stepwise excavation, DCE¼1-visit direct complete
excavation, NS¼not statistically significant, CI¼confidence interval.

First author, Year,
Country, Reference

Study design Inclusion criteria Intervention Main findings Study quality

Setting Outcomes nCalculations not reported, by
the author(s). CI¼95%

Comments

Sample size Blinding
Tooth types Follow-up

Drop-out rate

Björndal, 2010,
Denmark [13]

RCT, multi-centre. Age: 418 years, lesion depth: radiographically, Z3/4 of
the dentin, mild to moderate pre-treatment pain
accepted.

SWE or DCE. Pulp exposure: SWE: 25/
143¼17.5%; DCE: 43/
149¼28.9%; difference: 11.4%
(CI: 1.2; 21.3).

Moderate.

Operators: not
reported.

Outcome 1: pulp exposure/
no pulp exposure.
Outcome 2: healing/no
healing.

Healing: SWE: 106/143¼74.1%;
DCE. 93/149¼62.4%; difference:
11.7%; (po.04).

Short follow-up time.

Sample size: 292. Blinding: observers of
radiographs blinded to
treatment.

Pre-treatment pain: less
healing.

Incisors, premolars
and molars.

Follow-up: 1 year.

Drop-out rate: 7%.

Leksell, 1996,
Sweden [14]

Magnusson, 1977,
Sweden [15]

RCT, single-centre. Age: 6–16 years (mean¼10.2), lesion depth: pulp
exposure expected with DCE. Provoked or transient pain
before treatment accepted (n¼14).

SWE or DCE. Pulp exposure: SWE: 10/
57¼17.5%; DCE: 28/70¼40%.

Moderate.

Operators: n¼6. Outcome 1: pulp exposure/
no pulp exposure.
Outcome
2: healing/no healing.

nRelative risk: DCE/SWE¼2.3
(CI: 1.65; 2.91).

Randomization procedure not
reported.

Sample size: 134
teeth/116 subjects.

Blinding: observers of
radiographs blinded to
treatment.

Healing: SWE, unexposed
pulps: 40/40, exposed pulps:
not reported. DCE: not
reported.

Posterior permanent
teeth.

Follow-up: 41 year (mean
3.6 years).
Drop-out rate: 5–15%.

RCT, single-centre. Age: 5–10 years. Lesion depth: Supposedly thin layer of
softened carious dentin remaining on the pulpal floor.
Transient pain before treatment accepted.

SWE or DCE. Pulp exposure: SWE: 8/
55¼15%; DCE: 29/55¼53%.

Moderate.

Operators: not
reported.

Outcome: pulp exposure/
no pulp exposure.

nRelative risk: DCE/SWE¼3.6
(CI: 2.9; 4.3).

Quasi-randomized.

Sample size: 55
teeth/55 children.

No follow-up of the two
interventions.

Primary molars.

S
i
n
g
a
p
o
r
e

D
e
n
t
a
l

J
o
u
r
n
a
l

3
4

(
2
0
1
3
)
1
–
1
2

5



Table 4 (continued )

First author, Year,
Country, Reference

Study design Inclusion criteria Intervention Main findings Study quality

Setting Outcomes nCalculations not reported, by
the author(s). CI¼95%

Comments

Sample size Blinding
Tooth types Follow-up

Drop-out rate

Drop-out rate: not
reported.

Maltz, 2012, Brazil
[4]

RCT, multi-centre. Age: 6–53 years (median 14 years). Lesion depth:
radiographically Z1/2 of dentin thickness. Absence of
clinical/radiographic symptoms.

IPC, 1visit, SWE (2-visit). Healing: IPC: 102/112¼91%;
SWE: 70/101¼69%; Difference
stat sign (p¼ .004).

Moderate.

Operators: n¼22. Outcome: healing/no
healing.

SWE completing treatment:
74/84¼88%.

Subjects in SWE group not
completing treatment (2nd visit)
included in the main analysis.

Sample size: 299
teeth/233 subjects.

Follow-up: 3 years. SWE not completing
treatment: 2/17¼13%.

Permanent molars:
62% 1st, 33% 2nd, 5%
3rd molars.

Blinding: evaluator of
results blinded to
treatment not reported.

One surface restorations
higher success rate (OR¼5.2).

Drop-out rate: 29%.

Orhan, 2010,
Turkey [5]

RCT, single-centre. Age: 4–15 years. Lesion depth: radiographically Z3/4 of
dentin thickness. Absence of clinical/radiographic
symptoms.

IPC (1visit), SWE
(2 visit):DCE (1visit).

Pulp exposure: IPC: 3/50¼6%;
SWE: 4/49¼8%; DCE: 12/
55¼22%.

Moderate.

Operators: n¼1. Outcome1: pulp exposure/
no pulp exposure.

nRelative risk: DCE/SWE¼2.7
(CI: .9:7.7); IPC vs. SWE: NS; IPC
vs. DCE: p¼o.02; IPCþSWE
and DCE: p¼ .008.

Short follow-up time.

Consecutive
enrolment not
reported.

Outcome 2: healing/no
healing.

Healing: IPC: 100%; SWE: 98%;
DCE: 95%.

Randomization procedure
suboptimal.

Sample size: 154
teeth/123 subjects.

Follow-up: 1 year.

94 primary 2nd
molars, 60
permanent
mandibular 1st
molars.

Blinding: 2 observers of
radiographs blinded to
treatment.

Drop-out rate: not
reported.
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pulps. In one of the studies, circa a third of the teeth were
extracted for histological examination [17]. Two of the studies
reported a lower frequency of successful pulp capping in
permanent teeth with clinical and/or radiographic signs
of pulpitis at the time of treatment compared with teeth
without such signs [16,17]. Most of the patients with symp-
toms had persistent toothache. For permanent teeth without
preoperative symptoms of pulpitis, the clinically assessed
healing rate was around 80% and for symptomatic teeth,
around 60% (relative risk¼2.07). In one of the studies the
failure rate for pulp capping in the group with preoperative
symptoms of pulpitis was in fact greater than that reported in
Table 2 because 17.5% (24/137) of the teeth were assessed as
failures only 3 days posttreatment on the grounds of persis-
tent toothache [16]. Because of subsequent loss to follow-up,
these teeth were not included in the analysis. The difference
in healing rate between teeth with and without preoperative
symptoms was thus greater than reported in the study.

Another randomized controlled study compared the out-
comes of pulp capping and partial pulpotomy in adults after
an observation period of 1 year. The healing rates were the
same for both treatment approaches and much lower than
the one reported in the two studies described above (33%)
[13]. Only teeth with very deep carious lesions were included
in the study. The study also found a higher risk of failure in
cases of preoperative toothache. The number of patients with
and without toothache was not reported.

Partial pulpotomy

A randomized controlled study of moderate quality [18] and a
cohort study of low quality [19] reported healing rates of 91–94%
for young permanent teeth without preoperative signs or
symptoms. The follow-up period in both studies was 2 years.
No studies investigating long-term healing frequency were
identified. The previously cited study [13] reported much lower
(33%) pulpal survival after 1 year of follow-up. Table 5 presents
details on the studies assessing moderate quality for pulp
capping and partial pulpotomy.

Pulpotomy

Few studies were carried out on pulpotomy. Very recently,
March 2013, a 12-month prospective clinical follow-up exam-
ination of moderate quality was published on molars show-
ing a high outcome rate and similar to pulpectomy [33]. It is a
multicentre study comprising subjects recruited in 23 health
care centres of five Medical Universities in Iran. Treatments
were conducted in 407 patients and only 16% were lost to
follow-up. While being a study on general dentists, it failed to
indicate procedures for pain assessment, patients age dis-
tribution in the two study arms, and the quality of the root
fillings. Blinding of assessors to treatment outcome was not
stated.

Wound dressings

The effect of different wound dressings for treatment of
exposed pulps was compared in six randomized controlled
studies [16,18,20–23]. One study of moderate quality

investigated the effect of Ledermix, an anti-inflammatory
non-steroidal compound, calcium hydroxide and zinc oxide
eugenol in direct pulp capping [16]. After an observation
period of 2 years, there were no significant differences
between the four dressings. Two studies of moderate quality
compared calcium hydroxide paste with “mineral trioxide
aggregate” (MTA) as dressings after direct pulp capping and
partial pulpotomy, respectively [18,22]. After observation
periods of 2–3 years, no difference was disclosed with respect
to healing. Thus, there is limited scientific evidence that MTA
has equal effect as calcium hydroxide paste. Two studies of
low quality compared different calcium hydroxide containing
compounds for indirect pulp capping and found no differ-
ences after a 1-year observation period [21,23]. A randomized
controlled study of low quality compared adhesive resin with
calcium hydroxide paste as a dressing for indirect pulp
capping in deciduous teeth with deep carious lesions [20].
The observation period was 1.5 years. The results disclosed
no differences between the materials.

Pulpectomy

A randomized controlled study of moderate quality compared
the outcome of pulpectomy in one or two treatment sessions
(calcium hydroxide was used as a root canal dressing
between the appointments) [24]. A majority of the teeth in
the study were affected by caries and had symptoms because
of pulpitis. The healing rate was 93% and similar in both
treatment groups with a follow-up time up to 3 years.
A single dentist specialized in endodontics carried out the
treatments and this limits the extrapolation of the results.

A controlled clinical study of low quality found that at 1
year follow-up, teeth with positive bacterial samples at the
time of root filling had a poorer, statistically non-significant
treatment outcome than teeth with negative bacterial samples
[25]. After an observation period of 3.5–4 years, it was noted
that the outcome for teeth with positive bacterial samples was
significantly lower than that for teeth with negative samples.
Dental students under supervision carried out the treatments
in this study. Significantly more treatment failures were noted
after 3.5–4 years than after 1 year of observation.

Comparison of methods

Except for the recent study on pulpotomy from Iran it was not
possible to identify randomized or non-randomized con-
trolled studies of at least moderate quality, comparing dif-
ferent methods aimed at preserving the vitality and
functional capacity of the whole or part of the pulp. This
means that there is room for well-planned, well-conducted
studies comparing the outcomes of indirect pulp capping,
direct pulp capping, partial pulpotomy and pulpotomy. There
is also need for more studies comparing these methods with
pulpectomy.

Comparison of immature and mature permanent teeth
and between tooth types

One study of moderate quality observed no statistically
significant difference in healing rate after direct pulp capping
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Table 5 – Study details of vital pulp treatment of deep caries lesions. Healing after pulp capping and partial pulpotomy.

First author, year,
Country,
Reference

Study design Inclusion criteria Intervention (I) Main findings Study quality/comments

Setting Outcomes nCalculations not reported by
the author. CI¼95%

Sample size Blinding
Tooth types Follow-up

Drop-out rate

Björndal, 2010,
Denmark [13]

Multicentre (n¼6) RCT.
Consecutive enrolment.

Age: Z18 years (mean¼30
years).

I1. Direct pulp capping; I2.
Partial pulpotomy.

I1: 7/22¼31.8%; I2: 10/
29¼34.5%; Difference NS.

Moderate

Operators: n not reported. Depth of primary lesion:
radiographically Z3/4 of the
dentin; pulps exposed after
stepwise (n¼25) or direct
complete excavation (n¼43).
Mild to moderate pre-
treatment pain was accepted.

Outcome: healing/no healing. Presence of pre-treatment
pain significantly associated
with treatment failure.

Short follow-up time. Small
sample.

Sample size: 51 teeth/51
subjects.

Blinding: 2 observers of
radiographs blinded to
treatment.

Premolars and molars. Follow-up: 1 year.
Drop-out rate: 12%.
Pre-operative lesion depth:
Repeated measurements by
one observer.

Nyborg, 1958,
Sweden [17]

Single-centre cohort study
with two comparison groups.
Consecutive enrolment.

Age:o15 years (n¼124),
adults (n¼101). Deep caries
lesions.

I: Direct pulp capping; I1: no
sign of pulpitis; I2: signs of
pulpitis.

Clinical vs. histologic
findings: difference NS.

Moderate

Operators: n¼1. Outcome: healing/no healing:
(a) clinical and (b)
histological.

Healing clinical/radiographic:
I1: 106/124¼86%; I2
(prolonged pain, pain at
night): 9/20¼45%.

Small sample in one
subgroup

Sample size: 225. Blinding: clinical/
radiographical: yes.
Histological: not reported.

nRelative risk: I2/I1¼3.79
(CI: 3.21; 4.37).

Unclear exclusion criteria for
I2.

Permanent teeth: incisors
(n¼48), premolars (n¼61),
molars (n¼116).

Follow-up: (a): 43 years: 82%,
(b): 42 years: 72%.

Healing histologic: I1: 55/
69¼80%; I2: 0/5¼none
(uncertain assessment, n¼1).

Limited external validity
(one operator).

Clinical study (n¼144). Drop-out rates: (a) 4% and (b)
6%.

Clinical and histologic study
(n¼81).

Shovelton, 1971,
England [16]

Multi-centre (n¼8) RCT. Age: 15–44 years. Premolars
and molars with exposed
vital pulps due to caries.

I: Direct pulp capping with
different dressing materials.

Healing: no difference
between dressing materials.

Moderate

Operators: n not stated. I1. No preoperative pain. One
step procedure.

1 Year follow-up. I1: 164/
200¼82%; I2: 48/67¼72%.

Possible confounding
(age, type of pulp exposure:
caries or accidental).
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Sample size: 412 subjects/412
teeth.

I2. Preoperative pain. Two
step procedure. Teeth with
unsuccessful temporary
treatment (no pain relief)
considered unsuccessful.

nRelative risk: I2/I1: 1.58 (CI:
1.09; 2.06).

High drop-out rate at 2
year- follow-up.

Premolars and molars. Outcome: healing/no healing. 2 Year follow-up. I1: 115/
154¼75%; I2:33/51¼65%.

Blinding: independent,
blinded outcome examiner.
Follow-up: 1 and 2 years.
Drop-out rates:1 year: 31%,
2 years: 47%.

Qudeimat, 2007,
Jordan [18]

Single-centre RCT. Age: 6.8–13.3 years (mean 10.3
years).

Partial pulpotomy. I1: capping
with MTA; I2: capping with
calcium hydroxide.

Healing: No difference
between dressing materials.

Moderate

Operator: n¼1. Carious pulp exposures with
no history of pain.

Outcome: Healing/no healing. I1: 26/28¼93%. Limited external validity
(one operator).

Sample size: 43 subjects/63
permanent 1st molars.

Blinding: independent
outcome examiners.

I2: 21/23¼91%.

Follow-up: 25–46 months
(mean 35 months).
Drop-out rate: 19–21%.

Tuna, 2008,
Turkey [22]

RCT (quasi-randomised; split
mouth model), consecutive
enrolment.

Age: 5–8 years. Direct pulp capping. I1:
capping with MTA; I2:
capping with calcium
hydroxide.

Healing: no difference
between dressing materials.

Moderate

Operators: not reported. Pulp exposure from deep
dentin caries, exposure less
than 1 mm, red colour,
haemostasis evident in
2–3 min, no other clinical or
radiographic pathology (no
spontaneous pain).

Outcome: Healing/no healing. I1: 22/22. Randomization procedure not
described.

Sample size: 50. Blinding: outcome examiners
blinded to materials.

I2: 20/20. Power analysis unclear.

Primary molars. Follow-up: 2 years. External validity unclear.
Drop-out rate: 8/50¼16%.
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in permanent teeth of young (o15 years) and older indivi-
duals (Z15 years) [17]. Nor did the study find any statistically
significant difference in healing rate with respect to tooth
type: molars versus premolars versus incisors. There were
however, numerical differences and incisors had the highest
healing rate and premolars the lowest. The study of Björndal
et al. [13] noted that teeth with unexposed pulps after
stepwise excavation had a greater healing rate in individuals
o50 years than in those 450 years of age [13]. Statistically
the difference was of borderline significance. Because of the
insufficient scientific support, it is not possible to conclude
with respect to the influence of patient age or type of tooth on
the outcome of direct pulp capping. One study of low quality
showed no differences in healing rates between deciduous
and permanent teeth following direct or indirect pulp cap-
ping [23].

Systematic reviews

A systematic review of low quality compared the effect of
various wound dressings [26]. The authors' concluded that
the results did not support proposals to change currently
accepted practice. Another systematic review [27] had
included four studies, two of which investigated the survival
of restorations after complete or incomplete removal of
dentinal caries [28,29]. These studies did not specifically
investigate teeth with deep carious lesions and did not meet
our inclusion criteria. The other two studies were included
and are tabulated in the report [14,15].

Cost-analysis

A modelling study of moderate quality investigated the costs
and benefits of direct pulp capping compared with pulpectomy
[30]. With the support of the decision analysis, the authors
concluded that if the healing rate for pulp capping is greater
than 56%, then this and not pulpectomy should be chosen. The
analysis considered only direct costs for the procedures. The
long-term effects of the treatment (e.g. risk of toothache) and
the patients' preferences were not assessed.

Discussion

The result of this systematic review shows that there are
substantial gaps in our knowledge base with respect to
treatment of the vital pulp exposed to deep caries. Hence,
the report is unable to offer a clear answer to the question of
whether indirect pulp capping, stepwise excavation, direct
pulp capping/partial pulpotomy, pulpotomy or pulpectomy is
the most effective treatment for this kind of cases. Indirect
pulp capping and stepwise excavation certainly lead to fewer
pulp exposures than direct complete caries excavation.
Whether this results in a higher survival rate for the pulp
over time has not been thoroughly investigated.

The studies reporting the outcomes of direct pulp capping
upon deep caries in general have short follow-up times.
While retrospective studies have indicated a poorer outcome
over time [31], the long-term survival of the pulp is not well
confirmed. It is furthermore not well known whether pulp

capping or pulpectomy offers a greater potential to attain
non-infectious conditions and thus the health of the peria-
pical tissues and asymptomatic teeth long-term. There are
almost no studies at all of health economic aspects of
different treatment options. Such studies should consider
both patient satisfaction and direct and indirect costs.

The presence of preoperative pain (toothache), particularly
over a longer period and if it has caused sleep disturbance,
appears negative for the outcome of pulp capping. Yet, pain is
difficult to properly assess. The experience is subjective and
is modified by both physical and psychological factors. Thus,
measurement of pain can easily be erroneous. The three
studies, which evaluated the result of pulp capping in rela-
tion to preoperative toothache, have differing and in part
imprecise definitions of toothache, which makes it difficult to
compare the results. It has been proposed that dichotomizing
toothache/no toothache is the most relevant and this was the
basis for the current report [32]. Data shows that the healing
rate after pulp capping is lower in cases of preoperative
toothache. The evidence is limited and better-designed stu-
dies evaluating the importance of preoperative toothache are
required. An important further question is how data such as
the patient's age, tooth type, a combination of preoperative
symptoms and clinical observations e.g. presence, persis-
tence and character of toothache, the extent and depth of
the carious lesion, the location of the pulp exposure, its size
and the tendency of the pulp to bleed can be applied to make
a well-informed choice between pulp preservation procedure
and pulpectomy.

If the pulp tissue is directly exposed, some type of wound
dressing is usually applied. Even restorative materials (e.g.
resin composite) have been used to cover the wound. Over
the years calcium hydroxide has been the most commonly
employed wound dressing. Despite its high pH, it creates
conditions conducive to healing of the pulp tissue. Other
wound dressings contain steroids, with or without antibio-
tics, but were not accounted as these agents are not routinely
used in Sweden. In recent years promising results have been
reported for “mineral trioxide aggregate”, MTA. Studies com-
paring different types of dressings for the exposed pulp
(calcium hydroxide paste, cement containing calcium hydro-
xide, MTA, Ledermix and zinc oxide eugenol), disclose no
clear difference in treatment outcome. MTA and calcium
hydroxide paste were comparable in two studies [18,22]. Yet
patients in these studies were of very young ages. Our review
found no support for other materials.

The outcome of treatment of a deep caries lesion, with or
without pulpal exposure, depends largely on how extensively
the pulp is infected at the time of treatment. The outcome
may also depend on the age of the patient, the treatment
approach (indirect pulp capping, direct pulp capping, etc) and
the choice of material applied to the exposed pulp tissue. The
capacity of the restorative material to prevent leakage of
bacteria is yet another important factor.

The primary aims of pulpectomy are to prevent infection
of the pulp chamber, to maintain the health of the periapical
tissues and to ensure asymptomatic conditions. In order to
achieve these results, proper asepsis during treatment, effec-
tive removal of the pulp tissue and dense fill of the instru-
mented root canal are regarded critical measures in order to
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prevent the development of root canal infection. Complicated
root canal anatomy and the skill of the operator may also
influence the outcome. The impact of these and other treat-
ment variables on the outcome including the length of the
follow-up period has not been satisfactorily explained and
were not possible to investigate in this systematic review.

Calcium hydroxide has also been considered to provide a
beneficial treatment effect after pulpectomy. The material is
then used as an intermediate dressing in the instrumented
canal between appointments. Whether this measure
improves the treatment result is still the subject of debate.

On the basis of this analysis the following conclusions on
the evidence-graded results can be drawn:

� Limited scientific support exists for the claim that pulpal
exposure occurs twice as frequently during direct complete
caries excavation as in stepwise excavation (��&&).

� Insufficient scientific basis endures to allow an evaluation
of whether there are differences in pulpal survival rates
following immediate complete caries excavation and step-
wise excavation (�&&&).

� The scientific basis is contradictory with respect to healing
following direct pulp capping when the pulp is exposed
during excavation of deep caries. In two studies, the short-
term (1–3 year) healing rate was 80–85% in asymptomatic
teeth. Another study on adults with very deep carious
lesions, including patients with preoperative toothache,
reported a much lower healing rate after 1 year (33%)
(�&&&).

� Limited scientific support exists for preoperative tooth-
ache to be associated with increased risk of failure after
direct pulp capping (��&&).

� Insufficient scientific basis endures to allow an evaluation of
the effect of indirect pulp capping, i.e. when the innermost
layer of carious dentine is permanently left in situ (�&&&)

� There is no scientific basis for assessment of whether
indirect pulp capping, stepwise excavation, direct pulp
capping, partial pulpotomy, or pulpotomy offers the best
potential for maintaining the pulp in a vital and asympto-
matic condition.

� Limited scientific evidence exists that there is no differ-
ence in treatment effect between “mineral trioxide aggre-
gate” (MTA) and calcium hydroxide as wound dressings on
an exposed vital pulp (��&&).

� There is insufficient scientific evidence to determine the
influence of age and type of tooth on survival of the pulp
following direct pulp capping (�&&&).

� There is insufficient scientific basis on which to assess
whether it is more advantageous to preserve all or some of
the pulp in teeth with deep caries than to undertake a
pulpectomy and root filling (�&&&).

� There is a no scientific basis on which to assess the
treatment outcome after pulpectomy and root filling.

� There is insufficient scientific evidence to determine
whether the number of treatment sessions is of importance
for the outcome of pulpectomy and root filling (�&&&).

� There is no scientific basis on which to assess which other
factors might be of importance for the treatment outcome
of pulpectomy and root filling.

� Insufficient evidence exists for the cost effectiveness and
cost benefit of the various procedures (�&&&).
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[19] I. Mejàre, M. Cvek, Partial pulpotomy in young permanent
teeth with deep carious lesions, Endod. Dent. Traumatol. 9
(1993) 238–242.

[20] C.A. Falster, F.B. Araujo, L.H. Straffon, J.E. Nör, Indirect pulp
treatment: in vivo outcomes of an adhesive resin system vs
calcium hydroxide for protection of the dentin–pulp
complex, Pediatr. Dent. 24 (2002) 241–248.

[21] M. Fitzgerald, R.J. Heys, A clinical and histological evaluation
of conservative pulpal therapy in human teeth, Oper. Dent.
16 (1991) 101–112.

[22] D. Tuna, A. Olmez, Clinical long-term evaluation of MTA as a
direct pulp capping material in primary teeth, Int. Endod. J.
41 (2008) 273–278.

[23] R.H. Sawusch, Direct and indirect pulp capping with two new
products, J. Am. Dent. Assoc. 104 (1982) 459–462.

[24] A. Gesi, M. Hakeberg, J. Warfvinge, G. Bergenholtz, Incidence
of periapical lesions and clinical symptoms after pulpectomy
—a clinical and radiographic evaluation of 1- versus 2-
session treatment, Oral Surg., Oral Med., Oral Pathol., Oral
Radiol., Endod. 101 (2006) 379–388.

[25] B. Engström, M. Lundberg, The correlation between positive
culture and the prognosis of root canal therapy after
pulpectomy, Odontol. Revy 16 (1965) 193–203.

[26] H. Miyashita, H.V. Worthington, A. Qualtrough, A.
Plasschaert, Pulp management for caries in adults:
maintaining pulp vitality, Cochrane Database Syst. Rev.
(2007) CD004484.

[27] D.N. Ricketts, E.A. Kidd, N. Innes, J. Clarkson, Complete or
ultraconservative removal of decayed tissue in unfilled teeth,
Cochrane Database Syst. Rev. 3 (2006) CD003808.

[28] E.J. Mertz-Fairhurst, K.M. Call-Smith, G.S. Shuster, J.E.
Williams, Q.B. Davis, C.D. Smith, et al., Clinical performance
of sealed composite restorations placed over caries
compared with sealed and unsealed amalgam restorations, J.
Am. Dent. Assoc. 115 (1987) 689–694.

[29] C.C. Ribeiro, L.N. Baratieri, J. Perdigao, N.M. Baratieri, A.V.
Ritter, A clinical, radiographic, and scanning electron
microscopic evaluation of adhesive restorations on carious
dentin in primary teeth, Quintessence Int. 30 (1999) 591–599.

[30] G.A. Maryniuk, V.B. Haywood, Placement of cast restorations
over direct pulp capping procedures: a decision analytic
approach, J. Am. Dent. Assoc. 120 (1990) 183–187.

[31] P. Hörsted, B. Söndergaard, A. Thylstrup, K. El Attar, O.
Fejerskov, A retrospective study of direct pulp capping with
calcium hydroxide compounds, Endod. Dent. Traumatol. 1
(1985) 29–35.

[32] L. Figini, G. Lodi, F. Gorni, M. Gagliani, Single versus multiple
visits for endodontic treatment of permanent teeth: a
Cochrane systematic review, J. Endod. 34 (2008) 1041–1047.

[33] S. Asgary, M.J. Eghbal, J. Ghoddusi, S. Yazdani, One-year
results of vital pulp therapy in permanent molars with
irreversible pulpitis: an ongoing multicenter, randomized,
non-inferiority clinical trial, Clin. Oral Invest. 17 (2013)
431–439.

S i n g a p o r e D e n t a l J o u r n a l 3 4 ( 2 0 1 3 ) 1 – 1 212

http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0090
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0090
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0090
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0095
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0095
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0095
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0095
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0100
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0100
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0100
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0105
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0105
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0105
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0110
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0110
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0115
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0115
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0115
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0115
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0115
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0120
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0120
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0120
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0125
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0125
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0125
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0125
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0130
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0130
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0130
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0135
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0135
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0135
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0135
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0135
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0140
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0140
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0140
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0140
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0145
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0145
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0145
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0150
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0150
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0150
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0150
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0155
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0155
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0155
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0160
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0160
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0160
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0160
http://refhub.elsevier.com/S0377-5291(13)00002-3/sbref0160


journal homepage: www.elsevier.com/locate/sdj 

Available online at www.sciencedirect.com

Review

What and where are the stem cells for Dentistry?

Vinicius Rosan

National University of Singapore, Oral Sciences, Faculty of Dentistry, 11 Lower Kent Ridge Road, Singapore 119083, Singapore

a r t i c l e i n f o

Keywords:

Tissue engineering

Dental pulp

Differentiation

Scaffolds

a b s t r a c t

Disinfection of root canals followed by the replacement of the infected or inflamed pulp tissues

by inert materials is the foundation for treating irreversible damaged dental pulps. The

management of pathological conditions of the periodontium is mainly based solely upon

infection control via the reestablishment of oral hygiene, scaling and root planing to control

inflammation which stops progressive bone loss. As one may see, the clinical management of

endodontic and periodontal diseases has not changed drastically despite the development of

new materials, techniques and medicaments. Tissue engineering is a multi-disciplinary field

focused on the development of materials, techniques and strategies to improve or replace

damaged or lost biological functions and tissues. As the tissue engineering field progresses,

“scaffolds”, “suggest pathways” and “stem cells” abandoned their role as technical words

exclusively used by scientists and slowly assume a part in the language of students, educators,

clinicians and patients. However the unfamiliarity with some of the concepts can lead to

misinterpretations of the current status and overexcitement about future applications of stem

cells for dental-related tissue regeneration. This paper will present a panorama and the future

challenges on the path to use of stem cells for endodontic and periodontal tissue regeneration.

& 2013 Published by Elsevier B.V.
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Introduction

Stem cells are clonogenic cells capable of self-renewal and
are classified according to their potency, that is, the range of
cell types they can differentiate into. This is directly related

to the stages of cell division and differentiation of the human
embryo during different stages of development which begin
with a zygote, a totipotent cell that divides into identical
totipotent cells in the first hours from the fertilization of an
egg by a sperm. Totipotent stem cells can form embryonic
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and extra-embryonic tissues and have the greatest differen-
tiation potential. In fact, they can differentiate into each of
the more than 200 cell types of the adult body [1].

As development advances, the totipotent cells under-
go differentiation and segregation into more limited cell
lineages [1]. After reaching a 16-cell stage, they differentiate
into cells that will finally convert to either the trophoblasts
(first embryonic epithelium) or embryoblast. The latter is the
blastocyst's inner cell mass that contains pluripotent
embryonic stem cells (ESC) that can differentiate into any of
the three germ layers (endoderm, mesoderm or ectoderm). As
the ESCs have such outstanding differntiation potential, their
clinical problems may be fraught with immunological
rejection and ethical concerns. In 2006, a groundbreaking
approach allowed researchers to induce pluripotency in
somatic cells by introducing four transcription factors (OCT4
and SOX2 with the combination of either KLF4 and MYC or
NANOG and LIN 28) into dermal fibroblast. This discovery has
shed light on the possibility of obtaining autologous pluripo-
tent embryonic-like stem cells without the need of dealing
with nuclear transfer and embryos, the so-called induced
pluripotent stem cells (iPSC) [2].

Additionally, multipotent or adult stem cells are undiffer-
entiated cells that provide some or the entire major specia-
lized cell types to allow the repair and maintenance of the
tissue where they reside. Multipotent stem cells are able to
cross lineage boundaries and differentiate into multiple, but
limited number of cell types. For instance, a multipotent
blood stem cell is a hematopoietic cell that can differentiate
into several types of blood cell types (such as neutrophils and
lymphocytes) but cannot differentiate into brain cells, bone
cells or other non-blood cell types. In the bottom of the
differentiation hierarchy are the oligopotent and unipotent
stem cells, that can differentiate into a few cell types or only
reproduce their own phenotype, respectively [1].

The oral cavity harbors various types of multipotent stem
cells such as PDLSC (periodontal ligament stem cell) [3], SCAP
(stem cells from apical papilla) [4] and dental follicle stem
cells [5,6] (Table 1). Considering oral mucosa and gingiva,
recognized reservoirs for mesenchymal stem cells [7–9].
Although bone marrow stem cells are well-established and
are considered the gold standard for research targeting stem
cells therapies, the oral cavity can provide stem cells with
simple and less invasive procedures (especially compared to

bone marrow aspiration), under local anesthesia and without
esthetic damage. Additionally, dental pulp stem cells (DPSC)
and stem cells from human exfoliated deciduous teeth
(SHED) can be found in the dental pulp of permanent and
deciduous teeth, respectively [10,11]. As the latter are retrie-
vable from naturally exfoliated teeth, which are one of the
only disposable post-natal human tissues, the interest
towards SHED has increased [12]. In fact, primary teeth offer
a second chance to those parents who have not opted to save
the umbilical cord for possible future needs. Due to its ability
to cross lineage boundaries, stem cells from dental pulp are
also being investigated aiming at cardiac repair [13] and the
regeneration of the central nervous system [14].

Shinya Yamanaka has been recently awarded The Nobel
Prize in Physiology or Medicine 2012 for generating iPSC in
2006 [2]. The recent advances in iPSC technology for dental
applications are in early stages of developments [15–17].
Although iPSC can be generated without using virus, the
protocols are costly and technically challenging. In fact, the
processes to generate iPSC using small molecules, PiggyBac
transposons, minicircle systems or episomal systems are still
under development and optimization and demand high-end
technology. Thus, creating conditions to use iPSC for future
dental applications is far from and the studies published so
far are mostly exploratory [17,18].

Stem cells for periodontal and dental pulp tissue
engineering

The routine endodontic treatment stands for the disinfection
and filling the root canal with synthetic and, most of the
time, inert materials. This procedure frequently removes
additional sound dentin decreasing the fracture resistance
of the remaining structure [12]. Other strategies in Endodon-
tics, such as the use of mineral trioxide aggregate (MTA) or
calcium hydroxide (Ca(OH)2) to induce the formation miner-
alized tissue in incomplete root apices are not clearly pre-
dictable [19].

Stem cells offer a new perspective targeting dental pulp
regeneration and further development of root structure. Both
SHED and DPSC can differentiate into odontoblasts in vivo [10].
DPSCs were capable to regenerate a dental-pulp-like complex
composed of soft-fibrous tissue, mineralized matrix and

Table 1 – Stem cells from oral sources.

Year of
isolation

Population Characteristics Ref.

2000 Dental pulp stem cells (DPSC) Ability to regenerate a dental pulp-like complex [11,20]
2003 Stem cells from human exfoliated

deciduous teeth (SHED)
Dental pulp and dentin regeneration in full length root canals [10,22,23,25,49]

2004 Periodontal ligament stem cells (PDLSC) Form functional both cementum-like mineral and periodontal
ligament including Sharpey's fibers

[3,32]

2005 Dental follicle stem cells Capability to differentiate into adipogenic, chrondrogenic and
osteogenic lineages

[5,6,47,53,54]

2006 Stem cells from apical papilla (SCAP) Osteo/dentinogenic and neurogenic differentiation [4,26]
2009 Stem cells from gingiva Capacity to differentiate into neural cells and chondrocytes

and to modulate immune cells
[55,56]
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odontoblast-like layer able to deposit reparative dentin-like
structure on the surface of human dentin [11,20,21]. In 2008, a
proof-of-principle work showed that SHED holds the potential
to regenerate the dental pulp. Human tooth slices (1 mm-
thick) were seeded with biodegradable scaffolds with SHED
and transplanted into immunodeficient mice for 28 days. After
this period, the space once occupied by the scaffold was fully
replaced for a dental pulp-like tissue with morphologic char-
acteristics similar to a natural human dental pulp [22]. Later,
using tetracycline staining and confocal microscopy, it was
possible to show that SHED could differentiate into functional
odontoblasts capable of generating tubular dentin [23].

Although these are exciting results, a stem cell-based
approach in regenerative Endodontics needs to fulfill the
requirement of regenerating dental pulp in the whole three
dimensional geometry of root canals. Recently, we were able
to proliferate SHED within a full length root canal and to
engineer a dental pulp with soft tissue containing blood
vessels and connective tissue capable of depositing miner-
alized tissue on dentin walls in vivo (Fig. 1) [24,25].

Although SHED and DPSC seem to be the natural candi-
date for functional dental pulp regeneration, SCAP also rises
as an alternative once they have the capacity to undergo
osteo/dentinogenic and neurogenic differentiation and pre-
sent expression pattern of osteo/dentinogenic markers and
growth factor receptors similar to those observed in DPSC [4].
Notably, it was possible to regenerate typical dentine struc-
ture in vivo by seeding human SCAP into a hydroxyapatite/
tricalcium phosphate (HA/TCP) root-shaped constructs [26].
Moreover, this cell type was able to further induce root
formation in cases of apexogenesis in infected immature
tooth with periradicular periodontitis or abscess [27,28].

Other areas that may benefit from the development of
stem cell therapies is Periodontology. Up to date, infection
control allied to either guided bone regeneration or/and
bioabsorbable matrices are the main therapies used to regen-
erate the periodontium tissues and although favorable

clinical outcomes have been reported, regenerating the sup-
port tissues remains challenging [29–31].

The level of expression of scleraxis (a transcription factor
highly expressed in mesenchymal progenitors involved in
chondrogenic and/or osteogenic differentiation) by PDLSC
suggests that these cells may exhibit unique properties
compared with other mesenchymal stem cells such as bone
marrow stem cells (BMSC) and DPSC [32]. Transplantation
of PDLSC mixed with ceramic particles into subcutaneous
pockets of mice demonstrated the aptitude of these cells to
form both cementum-like mineral and periodontal ligament
including Sharpey's fibers [3]. One study showed that it was
possible to regenerate the root and periodontal ligament-like
tissue using the co-transplantation of PDLSC with SCAP into
the tooth sockets of miniature pigs. The mineralized root-like
structure formed was encircled with periodontal-like tissue
and was capable of supporting a porcelain crown and restor-
ing normal tooth function [26].

As one could observe, the selection of the cell type to be
used as the impellent power to initiate and propagate the
regeneration is of paramount importance. One example of
this can be illustrated by the attempts of using dental pulp
stem cells for periodontal tissue regeneration. The implanta-
tion of DPSC into periodontal defects resulted in inconsistent
patterns of regeneration reported by different studies. Some
have demonstrated that implantation of DPSC enhanced
regeneration through the generation of well-formed vascu-
larized bone [33,34]. Furthermore, it has been shown that
mixing DPSC and Ca(OH)2 led to more regeneration due to the
increase of the proliferation and mineralization of dental
pulp stem cells [33]. Contrariwise, another study that com-
pared the regenerative potential of PDLSC, periapical follicu-
lar stem cells and DPSC, showed that the latter failed to
increase the extent of regeneration in defects when com-
pared to the control groups that did not receive any stem cells
[35].

Similarly to BMSC, PDLSC were shown to be able to modulate
immune responses and inflammatory reactions [36]. Using a
swine model it was possible to reverse periodontitis by trans-
planting allogenic PDLSCs into experimental periodontal bone
defects due to the low immunogenicity and immunosuppressive
function of the stem cells used [37]. This was also true for
humans that have periodontal intra-bony defects regenerated
using autologous periodontal ligament-derived cells, including
PDLSC. These studied inspire that PDLSC transplantation may be
an interesting for the treatment of human periodontitis [38].

Stem cell research does not intend to extinguish safe,
established and reliable treatments (e. g. titanium implants)
but aims for new alternatives that may benefit patients even
more. The tried and tested concept of osseointegration has
certainly been one of the most important advances over the
past 30 years in Dentistry and the multi-million dollar market
of dental implants is inclined to keep increasing. Despite of
the unequivocal qualities (such as affordable cost and design
flexibility), titanium implants has one major drawback: the
lack of periodontal ligament. This can compromise prosthetic
rehabilitations because natural teeth and implant have dif-
ferent mobilities and it is impossible for the patient to
balance the contact and load sensations as the implant is
integrated into bone via an ankylosis type contact and is

Fig. 1 – Engineering of a dental pulp-like tissue with SHED
seeded in tooth slice and transplanted into the
subcutaneous space of an immunodeficient mouse for 35
days. Further immunohistochemistry analysis for GFP
confirmed that tissue engineered with the root canals is
primarily populated with SHED [25].
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without proprioceptors [39]. Furthermore, the most relevant
long-term failure mode of dental implants is peri-implantitis
that has an overall frequency of 8% [40]. The development of
new strategies such as the bio-root may provide an alter-
native for titanium implants in cases where the existence of
functional periodontal ligament can benefit the long-term
success of prosthetic rehabilitation [3,26]. However, one of the
major concerns is the costs involved in both development
and implementation of these new approaches. History
has shown that most of the revolutionary technologies
became more affordable with popularization. The price of
one gigabyte, for example, dropped from US$ 200,000 in 1980
to US$ 0,07 in 2013. Hopefully this can be also true for future
tissue engineering approaches under development in
Dentistry.

Future challenges for stem cells in Dentistry

Stem cell-based tissue engineering demands the fine orches-
tration of three fundamental elements: scaffold, cells, and
signaling pathway [24].

The scaffold is a temporary structure used to provide a
three-dimensional environment where cells can proliferate,
differentiate and generate the desired tissue [41]. It needs to
allow cell attachment and migration, enable the influx of
oxygen to maintain the cell metabolism and preferably
permit the sustained delivery of growth factors. The scaffold
must present physical properties to support and protect cells
from the environmental mechanical stresses. On the other
hand, the material is expect to degrade once it has served its
purpose of providing a template for regeneration in a rate
compatible with the new tissue formation. Finally, the hand-
ling characteristics need to fulfill the clinical situation that
they will be used. For Endodontics, injectable scaffolds are
the logical choice once cells can be spread in the whole space
available disregarding anatomical characteristics such as
saliences, recesses and even curved canals [12,24]. Consider-
ing periodontal regeneration, fiber mesh layers or powder
compaction may be preferred to provide a support matrix for
the ingrowth of alveolar bone and periodontium, avoiding
gingival epithelium growth into the defect to be regenerated
[42]. In order to obtain these desired qualities, fine-tuning of
physical characteristics and chemo/mechanical properties of
the scaffolds to be used is critical.

Obtaining and banking stem cells is an expanding busi-
ness. Laboratories worldwide offer the whole package of
collecting and storing dental stem cells for a lower cost as
compared to cord blood stem cells. To maintain cell viability,
collection kits are prepared to keep cells alive and shelter
freshly extracted teeth from temperature changes. Even with
these precautions, the time passed from gathering to arrival
at the processing laboratory must be shorter than 40 h [43].
Although the complete substitution of deciduous to perma-
nent teeth lasts 7 years, providing a good window of oppor-
tunity to obtain SHED, only incisors and canines with at least
one third of root left are known to contain a sufficient
number of stem cells that allow separation and multiplica-
tion [43]. DPSC are obtained from permanent teeth and the
possibilities to gather them are restricted to teeth assigned to

be extracted, such as third molars and pre-molars due to
orthodontics reasons. Conversely, SCAP collected from just
one tooth are capable of providing a large number of stem
cells probably because they have high proliferative potential,
reflected in high telomerase activity [44].

Cell signaling is part of a complex system of communica-
tion that rules cell activities and organizes their interactions
[24]. Extracellular signal molecules can act over both short
or long distances and different cell types may have
various reactions to a given extracellular signal molecule.
Even the level of response greatly depends on the concentra-
tion and exposure time of the cell to the stimuli [45].
One example of how complex these interactions can be
illustrated when analyzing the role of bone morphogenetic
proteins (BMP). BMP-2 and -7 were reported to the play a role
in the differentiation of PDLSC and dental follicle stem cells
and in the regeneration of the periodontal attachment appa-
ratus [46,47]. Furthermore, these BMPs are strongly involved
in the odontoblastic differentiation processes [48,49].
Both BMP-2 and 7 are known to present inductive effects in
reparative dentinogenesis [50,51] however it has been shown
that SHED responded potently to BMP-2 and more modestly
to BMP-7 while undergoing through odontoblastic differentia-
tion. Furthermore, using neutralizing antibodies for BMP's,
it was possible to show that BMP-2 signaling and not BMP-7
was actually required for odontoblastic differentiation [49]. By
observing the different effects of only two members of the
BMP family used for distinct purposes, it is possible to visu-
alize that many interactions among the plethora of naturally
occurring molecules in different stages of cell differentiation
make the signalling system extremely complex to be fully
simulated in the laboratory.

Conclusion

The development of stem cells technologies and biomaterials
can change the archetype where lost or damaged tissues will
not be treated using only materials tolerated by the body but
congregating biomaterials and biological principles to deliver
to the body its original construction. However, stem cell-
based therapies are still far from leaving laboratory benches
for the chairside [52]. Identifying specific growth factors and
their mechanisms in the natural processes will definitely
help improve our understanding of molecular triggering and
regulating processes among stem cells, scaffold, bioactive
molecules and host tissues is necessary to achieve proper
tissue regeneration. The investments in basic research and
education, allied to the rise of commercial services to isolate
and to provide stem cells and development of new materials
to support their growth and differentiation shed a light in the
promise for using stem cells as a clinical practice in the
future.
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a b s t r a c t

The rules governing the use of metallic mercury, a toxic and hazardous chemical, is in most

jurisdictions identical to widely accepted standards and practices for handling the same

chemical in industry for the protection of humans and their work environment. There cannot

be exceptions solely for the practitioner dentists and their patients. Any workplace must be

safe for both workers and visitors. The latter being dental patients waiting in the dentist's

work environment. We reviewed the literature for toxic health effects of elemental mercury

upon humans and present information about the Minimata Convention convened by the

United Nations Environment Programme. A study conducted among dentists in Singapore and

their personal work environment almost 30 years ago contributed to the workplace standard

for elemental mercury, which was reduced, and is still currently enforced as a global standard.

We recommend that dentists, with a large alternative battery of restorative materials today,

make selection of a restorative material a more seriously considered choice, and not to make

use of amalgam without the proper use of personal protective equipment for themselves

(members of the dental operating team) and their patients, (amalgam traps and judicious

monitoring of their workplace air quality). Mercury is ubiquitous in our presence due to

human activities; any reduction in the dentists' workplace contributes to a global reduction.

& 2013 Published by Elsevier B.V.
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1. Introduction

Mercury is ubiquitous. Mercury occurs naturally in the envir-
onment and exists in several forms [1]. Elemental mercury is
used in many industrial processes and manufactured pro-
ducts, including but not limited to, manufacture of soaps,
detergents, and fluorescent bulbs, in production of sulphuric
acid, in gold mining, in batteries and so on. All forms of
mercury, namely, metallic or elemental forms as used in
dentistry for the manufacture of dental silver amalgam
during restorative dentistry; organic forms as existing in fish,
pesticides and other bonded-chemicals and inorganic mer-
cury, at times mercuric oxide used as the red coating for
traditional herbal remedies, are present in our human envir-
onment through usage. Consequently mercury is present in
our human environment from manufacturing to waste dis-
posal and finally as waste in our midst. This mercury could be
in the air we breathe, in the food we consume, also in
antiseptics or antifungals we come in contact with daily as
hand wash, or in vaccinations as the preservative Thiormer-
sals [2] found in vaccines.

In the 1980s, the first author conducted a study of the
neurobehavioral effects of mercury of 98 actively-practising
Singapore dentist volunteers, dentists who were occupation-
ally exposed to elemental mercury [3]. As the range of dental
materials was then limited, some of these dentists used
mercury and amalgam almost exclusively as the only restora-
tive material for all posterior teeth in their practices, where
aesthetics was not a prominent patient consideration. Note
also that patients in those days were not as demanding with
regards to anaesthetics as they might be today. Although the
“controls” were also investigated, their mercury data remain
unpublished as part of a doctoral thesis within the National
University of Singapore Medical Library archive.

2. Human exposure to different forms of
mercury

This hygiene fact from the US Department of Health and
Human Services, Public Health Service, Agency for Toxic
Substances and Disease Registry is well acknowledged

“A person can be exposed to mercury from breathing in contami-
nated air, from swallowing or eating contaminated water or food,
or from having skin contact with mercury. Not all forms of mercury
enter your body easily, even if they come in contact with it; so it is
important to know which form of mercury you have been exposed to,
and by which route (air, food, or skin). When you swallow small
amounts of metallic mercury, virtually none (less than 0.01%) of the
mercury will enter your body through the stomach or intestines,
unless they are diseased. …When you breathe in mercury vapours,
(from elemental mercury), however, most (about 80%) of the
mercury enters your bloodstream directly from your lungs, and then

rapidly goes to other parts of your body, including the brain and
kidneys. Once in your body, metallic mercury can stay for weeks or
months. When metallic mercury enters the brain, it is readily
converted to an inorganic form and is “trapped” in the brain for a
long time. Metallic mercury in the blood of a pregnant woman can
enter her developing child [1]”.

Mercury crosses the placental barrier easily to affect the
developing foetus. What effects this may have is however
only reflected in the case study reports. However research
conducted by the author showed neurobehavioral changes in
test subjects even when they were exposed to very low levels
of mercury, levels below that established for applications in
industry and dentistry. In that study we examined 96 24–49
year-old dentists and compared them to 56 control subjects.
The results however, apply only to adults [4].

In a case report of an accident involving four adults in
1983, including a pregnant woman and her new-born infant,
Lien et al. reported that although the baby was born without
reportable abnormalities within 26 days of the accidental
exposure to mercury vapour, the baby had blood levels of
mercury that were comparable to the mother indicating
direct and free transfer of the metal across the placental
barrier [5]. This study adds to the evidence that breathing in
mercury vapour crosses the placental barrier and mercury
crosses into the foetus when mother is exposed to mercury
vapour. Likewise, mercury crosses the blood brain barrier
easily to affect the developing foetus. What effects this may
have, have not been fully elucidated. However, since in the
research conducted on adults, even very low levels of expo-
sure, levels below that established as safe by authorities, led
to neurobehavioral changes in adults, the question of how
much mercury is acceptable in air in the operatory as we use
amalgam is raised.

Hygiene considerations for mercury used in dentistry for
the manufacturing of dental amalgam, comprising 50%
metallic mercury, must have no exceptions from similar
industrial applications in terms of health and safety regula-
tions. Mercury used is identical for both dentistry and chlor-
alkaline industry, or in the industry manufacturing fluores-
cent tubes or mercury-fumed street lighting bulbs, commonly
seen along roads and highways. It is certain that mercury has
extensive applications for products that result in human
benefits. Along with this, humans are also exposed to the
well documented toxic effects, similar as the mercury leach-
ing from the dental amalgam fillings in our oral cavities and
also a constant source of dentist's work environmental
pollution wherever mercury is stored and used.

Dufault et al. [6] reported that many food products are now
made using such mercury-cell chlor-alkaline industry appli-
cations. They concluded that with respect to total mercury
exposure in children and sensitive population, consumption
of high fructose corn syrup also had insidious mercury
ranging from 0.005 to 0.670 μg mercury/g of sweetener.
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They reported that average daily consumption was approxi-
mately 50 g/person in the US in 2009.

3. What are the toxic effects of elemental
mercury that require attention?

The US's Centre for Disease Control, published this review in
1999 and updated that in 2006, stating

“The nervous system is very sensitive to mercury … Permanent
damage to the brain has also been shown to occur from exposure
to sufficiently high levels of metallic mercury. … Metallic
mercury vapours or organic mercury may affect many different
areas of the brain and their associated functions, resulting in a
variety of symptoms. These include personality changes irrit-
ability, shyness, nervousness), tremors, changes in vision (constric-
tion (or narrowing) of the visual field), deafness, muscle
incoordination, loss of sensation, and difficulties with memory [1]”.

Similarly, in the same review [1] based upon occupational
exposure of elemental mercury at higher concentrations,
as in the chlor-alkali industry, where chlorine and alkali are
products from the electrolysis of seawater using pans of
elemental mercury as the electrode, the toxic effects were
stated as

“Short-term exposure (hours) to high levels of metallic mercury
vapour in the air can damage the lining of the mouth and irritate
the lungs and airways, causing tightness of the breath,
a burning sensation in the lungs, and coughing. Other effects from
exposure to mercury vapour include nausea, vomiting, diarrhoea,
increases in blood pressure or heart rate, skin rashes, and eye
irritation. Damage to the lining of the mouth and lungs can also
occur from exposure to lower levels of mercury vapour over longer
periods (for example, in some occupations where workers were
exposed to mercury for many years). Levels of metallic mercury in
workplace air are generally much greater than the levels normally
encountered by the general population. Current levels of mercury in
workplace air are low, due to increased awareness of mercury's
toxic effects. Because of the reduction in the allowable amount of
mercury in workplace air, fewer workers are expected to have
symptoms of mercury toxicity”.

The confirmation of toxic effects relies upon animal
studies, and not solely upon observations in humans,

“To protect the public from the harmful effects of toxic
chemicals and to find ways to treat people who have been
harmed, scientists use many tests. One way to see if a
chemical will hurt people is to learn how the chemical is
absorbed, used, and released by the body; for some
chemicals, animal testing may be necessary” [7].

There is now sufficient data in global occupational safety
databases to support this fact: mercury is highly toxic to
humans, yet a controversy exists.

The US FDA webpage at the time of writing this article
(2013) offered consumers the following hygiene advice:

“FDA has reviewed the best available scientific evidence to
determine whether the low levels of mercury vapour associated

with dental amalgam fillings are a cause for concern. Based on
this evidence, FDA considers dental amalgam fillings safe for
adults and children ages 6 and above. The amount of mercury
measured in the bodies of people with dental amalgam fillings is
well below levels associated with adverse health effects. Even in
adults and children ages 6 and above who have fifteen or more
amalgam surfaces, mercury exposure due to dental amalgam
fillings has been found to be far below the lowest levels
associated with harm. Clinical studies in adults and children
ages 6 and above have also found no link between dental
amalgam fillings and health problems [8]”.

From the above, we see that amalgam restorations are
deemed to be safe, by the FDA, in children 6 years old and
above. However, there have been reports that eating and
chewing releases mercury from fillings [9,10].

It seems contradictory therefore that there should be
regulations enacted for chronic inhalation exposure of mer-
cury as enforced by the US Environmental Protection Agency
(EPA) [11], when another US government agency the FDA
deems it safe for amalgam to be used in fillings. While this
political debate rages on globally, the authors here are of the
view that mercury, whether used in dentistry or industry,
is still mercury. Safe hygienic principles are required whenever
the dentist's personal choice is to use dental amalgam as his
restorative material. There cannot be any exceptions from
industrial practice for the practising dentist for safe handling
of mercury. A comprehensive review of the effect of mercury
on humans and animals has been published in the Journal
of the Federation of American Societies for Experimental
Biology (FASEB) 1995 and the article is available free online
at http://www.ncbi.nlm.nih.gov/pubmed/7737458. The effects
of mercury on the immune system, kidney glomerular physiol
ogy, intestinal bacteria of both humans and animals, amongst
others, are discussed.

4. Global conventions, regulations and the
dental operatory environment

A vast and substantial data had been presented to any
interested reader for the safe handling of this toxic chemical:
elemental mercury, because use of mercury is as old as
antiquity. In the following section, we elaborate the rationale
for the growing database of pharmacokinetics and pharma-
codynamics attributes linked to mercury's safety and along
with this the regulations to ensure the safety, health, rights
and well-being of all workers, including the practitioner-
dentist, and their patients. The patients may be told to be
exposed to a lesser degree in the toxic environment of the
dentist's operatory, but the rationale of public health admin-
istration based upon the scientific principles from hygiene,
is that patient has a right to know of their environment, be
this work environment or just for the visit to their dentist.
In addition, the patients are duly required to be fully
informed under clinical practice ethics as under clinical
research situations, of what may happen to mercury that
was implanted as dental amalgam restorations in their
dentition – permanent or deciduous.
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The waiting room of the dental practitioner is required to
be environmentally assayed for presence of safe levels of
elemental mercury vapour on a daily or periodic basis when-
ever mercury is present in the clinic. We, as humans, have a
right to know and to be duly informed of our environment –
work or recreational or homes and places we visit from time
to time, including a shopping centre. In a Singapore law, this
is within the scope and ambit of our Workplace Safety and
Health Act 2006, revised Chapter 354A in 2009. However, the
safety of placement of mercury within the dental amalgam
(device) for restorative purposes is not in this legislation,
but is regulated separately as detailed above by the US FDA,
as a Class II medical device.

The environment of the dental clinic in the US is governed
by the Occupational Safety and Health Administration
(OSHA), which published a pamphlet about standards for
dealing with mercury in the work environment [12]. The
Singapore legislations, as revised Chapter 354A, were enacted
after much consultation with the OSHA regulations. In this
aspect, one will note the emphasis on air quality and methods
of mopping up mercury spills. The current OSHA permissible
exposure limit (PEL) for mercury vapour is 0.1 mg/m3 of air as a
ceiling limit. A worker's exposure to mercury vapour shall at no
time exceed this ceiling level. From the perspective of hygiene,
another index for assessing human exposure based upon perso-
nal dosimetry is preferred and more realistic, namely that of
inhaled mercury toxicity. This is because the ceiling PEL may not
be at all reflective of the practising dentist's real-time exposure.
The preferred standard for safety is the EPA's “Reference
concentration for Chronic inhalation exposure” [10] index com-
puted by personal dosimetry breathing zone studies.

Similar in design to the first author's dosimetry study of
1992, a more recent dosimetry study of 180 dentists, Ritchie
et al. [13], reported that dentists were found to have on
average urinary mercury levels four times that of control
subjects, dentists were significantly more likely to have
suffered from kidney disorders and that dentists were
advised to put greater emphasis on the safe handling of
dental amalgam within their practice environment by peri-
odic hygiene surveillance using personal dosimetry monitor-
ing. He further commented, 122 (67.8%) of the 180 surgeries
visited had environmental mercury measurements in one or
more areas above the Occupational Exposure Standard (OES)
set by the Health and Safety Executive of UK. In the majority
of these surgeries the high levels of mercury were found at
the skirting and around the base of the dental chair. In 45
surgeries (25%) the personal dosimeter measurement (i.e. in
the breathing zone of dental staff) was above the OES. Note
the UK's OES is the same concentration as the EPA's Refer-
ence Concentration for Chronic Inhalation Exposure (RfC),
at 25 μg/m3 air for 8 h a day, 40 h per week; this occupational
hygiene standard for “lowest-observed-adverse-effect level”
(LOAEL: 0.025 mg/m3 air) was derived from several studies,
one of which was by the first author [3]. Note that the EPA's
IRIS for the RfC stated “no-observed-adverse-effect level”
(NOAEL) as “None” [8]. This means that mercury is very toxic
at any concentration, even at the minimum lowest as yet
undetermined because of limitation of our diagnostic tools.

Mercury hygiene practice in dentistry should be similar to
that in industry and should have the same regulations as

they are about prevention of the same thing – mercury
poisoning and long term health effects of mercury exposure
amongst workers. To this end we should all realise that the
United Nations Environment programme has a Global Mer-
cury Partnership, the aims of which include promoting the
development of national inventories of mercury uses and
releases; developing strategies for enhanced outreach and
risk communication activities to reach at-risk populations,
including sensitive populations; increasing public awareness
and promotion of mercury-free products, technologies and
processes, using and/or with environmentally friendly alter-
natives; promoting application and sharing of information on
best available techniques and measures to reduce mercury
emissions from point sources, among others [14]. In another
United Nations convention, namely the Minamata Conven-
tion of 2013, it was specifically agreed that

“Certain kinds of non-electronic medical devices such as
thermometers and blood pressure devices are also
included for phase-out by 2020. Governments approved
exceptions for some large measuring devices where
currently there are no mercury-free alternatives. Vaccines
where mercury is used as a preservative have been
excluded from the treaty as have products used in reli-
gious or traditional activities. Delegates agreed to a phase-
down of the use of dental fillings using mercury amalgam”.

Independently, the European Union, the US and Japan have
all declared bans on export of mercury since about 2008 [15].

What do all these activities mean to practising dentists in
Singapore? It is quite obvious that over next decades it would
be more difficult to obtain mercury and hence as a profession
we need to work at being good at using alternative restorative
products and remain as successful as before in restoring
teeth. The United Nations Environment Programme (UNEP)
has published a pamphlet on “Mercury Use in Healthcare
Settings and Dentistry” and is available online as a down-
loadable portable document file [16].

In that document, dentists, including their clinic operatory
support staff, will learn how to store mercury and how to
mop up spills of mercury. It also advises removal of amalgam
fillings in chunks rather than grinding it down completely,
use of finer mesh to trap amalgam waste (100 rather than 40
units for sieve traps) which were endorsed for ISO 14011
Environmental Management audit procedures, namely, use
amalgam traps that are certified ISO 11143. For a detailed
description and management of dental amalgam wastes,
some countries have legislations that waste water emitted
from any dental clinic be subjected to audits for compliance,
and cannot exceed 100–2000 ppm of mercury in waste water
[17].

The UNEP also stated – not to place or remove amalgam
fillings in pregnant ladies. It further stressed,

“Treat extracted teeth with amalgam fillings as amalgam waste.
Waste amalgam should be kept sealed in plastic containers.
Waste amalgam may be disposed by licenced waste disposal
companies who will recycle mercury and other metals”.

Similarly, the American Dental Association has published a
2007 pamphlet on the “Best Management Practices for Amalgam
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Waste” and this is available online as a downloadable por-
table document file [18].

5. Safe removal of dental amalgam
restorations

The measurable level of mercury in blood and plasma is
correlated with the number of surfaces of fillings that are of
amalgam in the oral cavity. Higher number of fillings of
amalgam is correlated with a higher blood and plasma levels
of mercury. Upon removal, within 3–48 h, there was a rise in
the level of mercury in blood and plasma. Thereafter, there
was a decline [19]. It is therefore important to follow a strict
protocol to reduce patient exposure to mercury during
removal. It had been recommended that hair covers, body
drape, eye protection and rubber dam together with a high
vacuum suction be used during amalgam removal [20]. Water
coolant is important during removal as more mercury vapour
is released from amalgams when the temperature increases.

It may be important for signage be displayed so that
everyone, workers and visitors are cautioned about the
presence, from storing, using and disposing, of elemental
mercury in the workplace, namely the dental clinic.

6. Dentist's choice in use of dental amalgam
and informed consent documentation from
patients as a good practice procedure

Despite the advantages that bonding seems to provide,
various studies comparing longevity of fillings of amalgam
and composites have shown that amalgam is the more
tolerant material and despite poor technique, such as poor
moisture control during placement, is as lasting as composite
restorations. Roulet [21] reported that amalgam shows excel-
lent longevity data with studies up to 20 years; the average
annual failure rate was 0.3–6.9%. Posterior composites were
in the same range (0.5–6.6%); however, the study times were
much shorter (max. 10 years). However, it was pointed out
that composite restorations took longer to place. A more
recent study comparing amalgams versus composites in
posterior teeth showed that amalgam restorations lasted
statistically significantly longer [22]. When composites failed,
they deteriorated rapidly. It is no wonder therefore that
dental schools continue to teach and practitioners continue
to choose the use of amalgam restorations.

Despite its advantages, informed consent is required in
some jurisdictions (by regulations) during placement of
dental amalgams, much similar to the clinical research
environment. In Europe, the federal governments of Norway,
Finland, Denmark, and Sweden have enacted legislation requir-
ing that dental patients receive due process of documentation
with regards to adequate informed consent information pro-
vided prior to their decision for receiving the type of dental
restorative material that will be used and implanted. This is prior
to the actual amalgam placement by the dentist. In the US, a few
state governments have enacted similar informed consent
legislation for dental patients receiving dental restorations.
These state legislations were enacted by Maine, California,

Connecticut, and Vermont. There is a similar need for informed
consent procedure for dentists who use mercury amalgam
restorative material as well as technical considerations in such
information during removal of dental amalgam restorations [23].

While such regulations does not apply in Singapore and we
have not yet enacted these regulations, it is in the prudent
opinion of the author that we take and document full informed
consent for using any restorative material. Informed consent
here means giving a patient adequate information concerning
the materials, providing adequate opportunity for the subject to
consider all options, responding to the subject's questions,
ensuring that the subject has comprehended this information,
obtaining the subject's voluntary agreement to choose a mate-
rial and continuing to provide information as the subject or
situation requires. Patients should also be informed that
bleaching teeth with amalgam restorations risks increasing
the release of mercury vapour from amalgams [24]. Note that
composites are not free of hazards. Composites leach oestro-
genic monomers into the environment in concentrations at
which biologic effects have been demonstrated in in vivo
experimental models [25].

The US's Centres for Disease Control and Prevention
published a free booklet “NIOSH Pocket Guide to Chemical
hazards” from the US' National Institute for Occupational
Safety and Health (NIOSH) which is applicable to the constant
surveillance of the workplace for any air-borne mercury
levels for alerting the inhabitants of the clinic to dangerous
levels and what preventive steps to be taken to control and
avoid such hazardous situations. Note that the dental clinic
could be located within a shopping centre or in the hospital
with lots of humans potentially being exposed. The CDC has
evidence to label elemental mercury inhalation as “Lung
Damaging Agent”.

In this booklet and the Emergency Response Card [26,27]
data, the dental practitioner using dental amalgam is advised
to read about measurement and monitoring methods, as in
personal dosimeter for the operator and the dental chairside
assistants. There are now rapid reading assays to gather such
data. Next, the type of personal protective equipment, ran-
ging from respirators and facemasks with filters, some
reusable and others single use types, are also listed. This
Emergency Response Card contains the different types of PPE
to be used for the various alert levels. It is advisable for all
practising dentists using mercury as restorative material,
to read and train their staff for workplace hygiene main-
tenance on a weekly basis.

The FDA has provided guidance that amalgams should be
used in adults and children 6 years of age and above. Mercury
is highly toxic. Its immediate effect from inhalation is as
appropriately named “Lung Damaging Agent”. When mercury
is allowed to enter the dental clinic, the chances of such
exposure is ever present. The only way to prevent such
occurrence is to eliminate the use of such materials for
restorative dentistry applications. Amalgam has been used
as fillings for about 150 years and has served dentistry well.
As mercury is ubiquitous in the environment it will always be
measurable in blood and urine. Though a number of patients
have reported hypersensitivity to amalgams, the large majority
of patients with amalgam fillings have not, albeit neurobeha-
vioral deficits may affect those chronically exposed to mercury,
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such as dentists. When choosing to use amalgams, dentists
should have the safety of their team members and patients in
mind and should conduct audits with respect to amalgam
hygiene and make the choice to be safe.
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J. Ekstrand, Mercury in biological fluids after amalgam
removal, J. Dent Res. 77 (4) (1998) 615–624 〈http://www.ncbi.
nlm.nih.gov/pubmed/9539465〉.

[20] D.G. Colson, A safe protocol for amalgam removal, J. Environ.
Public Health 2012 (2012) 517391 〈http://www.hindawi.com/
journals/jeph/2012/517391/〉.

[21] J.F. Roulet, Benefits and disadvantages of tooth-coloured
alternatives to amalgam, J. Dent. 25 (6) (1997) 459–473.

[22] Y.J. Rho, C. Namgung, B.H. Jin, B.S. Lim, B.H. Cho, Longevity of
direct restorations in stress-bearing posterior cavities:
a retrospective study, Oper. Dent. (2013) (Epub ahead of
print).

[23] R.F. Edlich, J.A. Greene, A.A. Cochran, A.R. Kelley, K.D. Gubler,
B.M. Olson, M.A. Hudson, D.R. Woode, W.B. Long 3rd.,
W. McGregor, C. Yoder, D.B. Hopkins, J.P. Saepoff, Need for
informed consent for dentists who use mercury amalgam
restorative material as well as technical considerations in
removal of dental amalgam restorations, J. Environ. Pathol.
Toxicol. Oncol. 26 (4) (2007) 305–322 〈http://www.ncbi.nlm.
nih.gov/pubmed/18197828〉.

[24] A. Certosimo, F. Robertello, M. Dishman, R. Bogacki,
M. Wexel, The effect of bleaching agents on mercury release
from spherical dental amalgam, Gen. Dent. 51 (4) (2003)
356–359 (quiz 360) 〈http://www.ncbi.nlm.nih.gov/pubmed/
15055616〉.

[25] R. Pulgar, M.F. Olea-Serrano, A. Novillo-Fertrell, A. Rivas,
P. Pazos, V. Pedraza, J.M. Navajas, N. Olea, Determination of
bisphenol A and related aromatic compounds released from
bis-GMA-based composites and sealants by high
performance liquid chromatography, Environ. Health
Perspect. 108 (1) (2000) 21–27.

[26] 〈http://www.cdc.gov/niosh/ershdb/
EmergencyResponseCard_29750021.html〉.

[27] R. Dufault, B. LeBlanc, R. Schnoll, C. Cornett, L. Schweitzer,
D. Wallinga, J. Hightower, L. Patrick, W.J. Lukiw, Mercury from
chlor-alkali plants: measured concentrations in food product
sugar, Environ. Health 8 (2009) 2.

S i n g a p o r e D e n t a l J o u r n a l 3 4 ( 2 0 1 3 ) 1 9 – 2 424

http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=115&tid=24
http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=115&tid=24
http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=115&tid=24
http://www.fda.gov/ohrms/dockets/ac/06/briefing/2006-4218b1-19-white-paper-draft-Appendix-G1-08.pdf
http://www.fda.gov/ohrms/dockets/ac/06/briefing/2006-4218b1-19-white-paper-draft-Appendix-G1-08.pdf
http://en.wikipedia.org/wiki/Thiomersal
http://en.wikipedia.org/wiki/Thiomersal
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1039326/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1039326/
http://www.ncbi.nlm.nih.gov/pubmed/6883261
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref3
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref3
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref3
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref3
http://www.atsdr.cdc.gov/phs/phs.asp?id=112&tid=24
http://www.atsdr.cdc.gov/phs/phs.asp?id=112&tid=24
http://www.atsdr.cdc.gov/phs/phs.asp?id=112&tid=24
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DentalProducts/DentalAmalgam/ucm171094.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DentalProducts/DentalAmalgam/ucm171094.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DentalProducts/DentalAmalgam/ucm171094.htm
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref4
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref4
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref4
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref4
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref5
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref5
http://www.epa.gov/iris/subst/0370.htm
http://www.epa.gov/iris/subst/0370.htm
http://www.osha.gov/SLTC/etools/hospital/hazards/mercury/mercury.html
http://www.osha.gov/SLTC/etools/hospital/hazards/mercury/mercury.html
http://www.nature.com/bdj/journal/v197/n10/abs/4811831a.html
http://www.nature.com/bdj/journal/v197/n10/abs/4811831a.html
http://www.globalmercuryproject.org/front_page.htm
http://www.globalmercuryproject.org/front_page.htm
http://www.unep.org/newscentre/default.aspx?DocumentID=2702&ArticleID=9373
http://www.unep.org/newscentre/default.aspx?DocumentID=2702&ArticleID=9373
http://www.unep.org/newscentre/default.aspx?DocumentID=2702&ArticleID=9373
http://www.unep.org/hazardoussubstances/Portals/9/Mercury/AwarenessPack/English/UNEP_Mod4_UK_Web.pdf
http://www.unep.org/hazardoussubstances/Portals/9/Mercury/AwarenessPack/English/UNEP_Mod4_UK_Web.pdf
http://www.unep.org/hazardoussubstances/Portals/9/Mercury/AwarenessPack/English/UNEP_Mod4_UK_Web.pdf
http://www.ecy.wa.gov/mercury/mercury_dental_amalgam.html
http://www.ecy.wa.gov/mercury/mercury_dental_amalgam.html
http://www.ada.org/sections/publicResources/pdfs/topics_amalgamwaste.pdf
http://www.ada.org/sections/publicResources/pdfs/topics_amalgamwaste.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9539465
http://www.ncbi.nlm.nih.gov/pubmed/9539465
http://www.hindawi.com/journals/jeph/2012/517391/
http://www.hindawi.com/journals/jeph/2012/517391/
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref10
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref10
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref11
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref11
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref11
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref11
http://www.ncbi.nlm.nih.gov/pubmed/18197828
http://www.ncbi.nlm.nih.gov/pubmed/18197828
http://www.ncbi.nlm.nih.gov/pubmed/15055616
http://www.ncbi.nlm.nih.gov/pubmed/15055616
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref14
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref14
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref14
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref14
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref14
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref14
http://www.cdc.gov/niosh/ershdb/EmergencyResponseCard_29750021.html
http://www.cdc.gov/niosh/ershdb/EmergencyResponseCard_29750021.html
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref15
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref15
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref15
http://refhub.elsevier.com/S0377-5291(13)00005-9/sbref15


journal homepage: www.elsevier.com/locate/sdj 

Available online at www.sciencedirect.com

Case report

Double papilla repositioned flap for the treatment
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a b s t r a c t

Root coverage is achieved by many procedures like free gingival autografts, connective

tissue grafts and pedicle grafts. Several studies state that root coverage using connective

tissue grafts have high success rates but have disadvantages like creation of second

surgical site and post-operative color harmony is less. Although Cohen and Ross reported

more than 85% success in covering denuded roots, the degree of success varies among

other clinicians. The double papilla pedicle graft has limited usefulness. The double

papillae pedicle graft is most appropriate in those cases where esthetics demand a close

tissue color match and where the papillae are large and have shallow gingival grooves.

& 2013 Published by Elsevier B.V.

Introduction

Gingival recession is defined as the apical displacement of the
gingival margin in relation to the cementoenamel junction
(CEJ) [1], resulting in patient complaints such as poor esthetics,
dentin hypersensitivity, and inability to perform proper oral
hygiene procedures [2]. The understanding and knowledge of
different conditions of denuded root surfaces is paramount for
predictable root coverage [3]. Several classifications of gingival
recessions were proposed, but two classifications are helpful
for predictability of root coverage procedures. In 1960, Sullivan
and Atkins gave a classification which was not useful to
predict outcome of root coverage procedures [4]. In 1985, Miller
gave a classification, taking into consideration the anticipated
root coverage [5]. Various surgical procedures are indicated for
treatment of gingival recessions [6].

Cohen and Ross [7] introduced the method in which bilateral
interdental papillae are used as donor tissue for localized root
coverage. In this technique, there is less chance of flap necrosis
and suturing is easy because interdental papillae are thicker
and wider than labial gingiva on single root surface.

Single surgical site, excellent post-operative color har-
mony, requirement of small amount of donor tissue, less
damage to interdental bone is the advantages of the double
papillae technique.

Although Cohen and Ross reported more than 85% success
in covering denuded roots, the degree of successes varies
among other clinicians [8]. The double papillae pedicle graft is
most appropriate in those cases where esthetics demand a
close tissue color match and where the papillae are large and
have shallow gingival grooves.

Case report

A female patient aged 42 years reported to the Department of
Periodontics, Manipal College of Dental Sciences, Mangalore
with a chief complaint of recession of gum and mild hyper-
sensitivity in relation to the right maxillary canine.

On extra oral examination there were no palpable lymph-
nodes, face was bilaterally symmetrical and lips were com-
petent. On intraoral examination, the tooth showed gingival
marginal recession with a 4 mm loss of attachment (Fig.1)
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on the facial aspect without loss of interdental papilla.
Patient had developed mild sensitivity 3 months ago because
of the gingival recession. According to Miller’s classification,
the defect was classified as Class-I gingival recession.

Surgical procedure

A curette was used to root plane the exposed root surface. A
no. 15 blade was used to make a V-shaped incision on the
recipient site.

A horizontal incision was made on the mesial and distal
interdental papilla coronally (Fig. 2). Two vertical incisions
reaching the alveolar mucosa were made on the line angle
area of the adjacent teeth. A partial-thickness pedicle flap
that included sufficient interdental papilla bilaterally was
prepared.

A partial-thickness flap (about 3mm) was reflected from the
crest of the osseous dehiscence area till the alveolar mucosa in
the apical for easy flap migration. After removal of the marginal
tissue, tetracycline was applied to the exposed root surface for
about 5min for root biomodification (Fig. 3). Interrupted and
sling sutures were used to stabilize the mesial and distal
papillae using a 5-0 silk suture (Fig. 4). Hemostasis was achieved
by applying pressure for 5 min. A periodontal dressing was
placed. Post-surgical instructions were given to the patient. The
patient told to refrain from brushing the operated area and was
advised to use chlorhexidine gluconate mouth wash of 0.2%
twice daily for two weeks.

Results

10 days post-surgery, the sutures were removed and the area
was examined. The surgical site showed complete root cover-
age (Fig. 5). Oral hygiene instructions were reinforced and the
patient was recalled after three months and nine months
(Fig. 6). The surgical site showed complete coverage and also
the donor site healed completely. The pedicle graft healed
uneventfully with excellent color matching with the adjacent
tissue. It showed no-signs of inflammation and was firm and
attached to the root surface. The patient was admitted in the
hospital for knee surgery, hence could not come for oral

Fig. 1 – Pre-op photo showing 3mm recession depth.

Fig. 2 – Picture showing incisions.

Fig. 3 – Root biomodification.

Fig. 4 – Sutures placed.

Fig. 5 – 3 months post-op.
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prophylaxis for the removal of stain associated with long
term use of chlorhexidine mouthrinse.

Discussion

This case report presents double papillae pedicle graft surgi-
cal technique for the treatment of isolated or single tooth
marginal tissue recession. Double papillae pedicle graft has
shown excellent root coverage if the indications of this
technique are followed.

This technique has been used as a replacement to free
gingival autografts where second surgical site is not necessary.
Sometimes with free gingival autografts, blood supply and
graft stability may be jeopardized unlike pedicle grafts [9].

The double papillae graft involved a V-shaped incision
outlining the area of recession. This incision allows the
removal of a wedge of marginal tissue. It also provides a
fresh wound surface for tissue approximation. Vertical inci-
sions were given from line angles to extend beyond the
mucogingival junction. Sharp dissection was then done to
reflect partial thickness flaps and was then sutured together.

Rubelman modified this technique in 1977. He advocated
making the initial V incision so that one side had an external
bevel and the other an internal one. The flap edges then
overlap when sutured together. Rubelman began suturing at
the apical aspect of the graft as did Cohen, but used a
continuous locking suture rather than the interrupted ties
recommended by Cohen. As a part of the continuous locking

suture, he included a sling suture, a connective tissue suture,
and an oblique suture.

Although Cohen and Ross reported more than 85% success
in covering denuded roots, the degree of successes varies
among other clinicians.

Partial thickness double papillae pedicle graft along with
connective tissue surgical technique is proposed as an alter-
native for better functional and aesthetic outcome [10]. How-
ever, disadvantage of this technique is again two surgical sites.

In this case, the root coverage using double papillae
pedicle graft is predictable and the second surgical interven-
tion is avoided.

Conclusion

In cases of single tooth or isolated Millers class I and II
gingival recession, predictable root coverage and color match-
ing with adjacent tissues can be obtained with the double
papillae pedicle graft technique.
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Fig. 6 – 9 months post-op.

S i n g a p o r e D e n t a l J o u r n a l 3 4 ( 2 0 1 3 ) 2 5 – 2 7 27

http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref1
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref1
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref2
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref2
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref3
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref3
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref3
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref4
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref4
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref5
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref5
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref6
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref6
http://refhub.elsevier.com/S0377-5291(13)00006-0/sbref6


Singapore Dental Journal (SDJ) aims to advance the practice of 
dentistry and care of patients among members of the Singapore 
Dental Association and dentists in the region through the 
dissemination of information and research findings in the field of 
dental science and technology. The SDJ invites original 
contributions in the form of research articles, reviews, case 
reports and other materials relating to all aspects of dentistry. 
Related disciplines, including dental education and the social, 
political and economic aspects of dental practice, that are of 
interest to professionals in dentistry are also welcome. The SDJ is 
a peer-reviewed journal and all manuscripts will be reviewed by at 
least two reviewers. All published opinions and statements of 
supposed facts belong to the author(s), and are not necessarily 
the views of the Editorial Staff, Board Members, the Singapore 
Dental Association or the Publisher.

Manuscript Submission Procedure
Authors are requested to submit their original manuscript and 
figures via the online submission and editorial system for SDJ. 
Using this online system, authors may submit manuscripts and 
track their progress through the system to publication. Reviewers 
can download manuscripts and submit their opinions to the 
editor. Editors can manage the whole submission/review/revise/
publish process. Please register at: http://ees.elsevier.com/sdj. 
Submission should be accompanied by a cover letter and the 
“Manuscript Submission Form” (available from http://ees.elsevier.
com/sdj) that has been signed by all the authors and attached as a 
PDF or JPEG file.

Important Information for Online Submission 
• Please put text, references, tables, figures, and legends in one 

file, with each table and figure on a new page.
• Figures that are line drawings or photographs must also be 

submitted separately as high resolution picture files, in 
*.JPEG, *.EPS or *.TIFF format. Please ensure that files are 
supplied at the correct resolution: line artwork = minimum of 
1000 dpi; halftone artwork = minimum of 300 dpi; combination 
artwork (line + tone) = minimum of 500 dpi.

• Figures will be published as received from authors. 

Previous Publication/Duplicate Submission and Ethical Approval
Submitted manuscripts are considered with the understanding 
that they have not been published previously in print or electronic 
format (except in abstract or poster form) and are not under 
consideration by another publication or electronic medium. All 
experiments using animals and human subjects or human tissues 
must have been approved by an appropriate ethics committee/
board. Any patient who can be clearly identified in the article 
(either in text or in photographs) must sign a consent form 
indicating consent to his or her being thus depicted in the article. 
This consent form(s) (PDF) must be submitted with the manuscript. 

Categories of Articles Accepted
Reviews
These should aim to provide the reader with a balanced overview 
of an important and topical subject in dentistry, and should be 
systematic critical assessments of literature and data sources, 
emphasizing factors such as cause, diagnosis, prognosis, therapy, 
or prevention. All articles and data sources reviewed should 
include information about the specific type of study or analysis, 
population, intervention, exposure, and tests or outcomes. All 
articles or data sources should be selected systematically for 

inclusion in the review and critically evaluated. Figures, tables, 
algorithms and other forms of illustration should be included as 
appropriate. Typical length: 2000–3000 words. 

Scientific/Clinical Articles
These may be randomized trials, intervention studies, studies of 
screening and diagnostic tests, cohort studies, cost-effectiveness 
analyses, case-control studies, surveys with high response rates, 
and laboratory tests that represent new and significant 
contributions to dentistry.
Each manuscript should state the objective/hypothesis, design 
and methods (including the study setting and dates, patients/
participants with inclusion and exclusion criteria, or data sources 
and how these were selected for the study), the essential features 
of any interventions, the main outcome measures, the main 
results, discussion placing the results in context with the published 
literature, and conclusions. Typical length: 2000–3000 words.

Case Reports/Techniques
These are short discussions of a case or case series with unique 
features not previously described. Typical length: 800–1200 
words. 

Posters
Posters are brief reports/communications of scientifiic studies and 
normally presented during scientific meetings. Selected posters 
presented at Singapore Dental Association meetings and 
conferences may be invited for publication in the SDJ. These are 
normally limited to 500 words.

Manuscript Preparation 
1. Format and Style. Text should be typed double-spaced on one 
side of A4 (297 × 210 mm) paper, with outer margins of 3 cm. Each 
section of the manuscript should begin on a new page. Authors 
should refer to a style guide and the preferred format should 
follow that of the Oxford Style Guide which is available online in 
pdf (see http://www.ox.ac.uk/public_affairs/services_and_
resources/style_guide/index.html )

2. Language. Articles should be written in English (British English 
spelling) and meet the following basic criteria: the material is 
original, the information is important, the writing is clear (clinical 
or laboratory jargon is to be avoided), the study methods are 
appropriate, the data are valid, and the conclusions are reasonable 
and supported by the data. 

3. Structure
Title Page
The title page should contain the following information: 
• manuscript title
• category of paper
• short running title not exceeding 50 characters
•  the names (spelled out in full) of all the authors and their 

institutions (only 1 affiliation per author is permitted)
•  corresponding author’s details (e-mail address, mailing address, 

telephone and fax numbers)

Abstract

The first page following the title page should contain a concise 
English abstract of no more than 500 words and up to four relevant 
key words/index terms. The abstract should contain information 
on the background, methods, results, conclusions and clinical 
implications.

Instructions to Authors



Introduction

Manuscripts should include a clear introductory statement or 
purpose, and an inclusive concise review of the relevant literature 
leading to the main question/hypothesis posed. The introduction 
should close with the objective of the study.

Materials and Methods

The type of study (cohort, case-controlled, cross-sectional, etc.) 
should be stated. The technique and scope of the experiments or 
observations should be described. Statements of Inclusion/
exclusion and eligibility criteria used in sample selection, sample 
size, power of statistic, dropout rate, withdrawals, methods of 
randomization, collection, quality control, and blinding techniques 
(if any) should provide sufficient details for the study to be 
repeated. 

Results

Results must be clearly presented. Data analysis should be briefly 
described. Statistical analysis information should include: level of 
significance chosen, and type of test (parametric, non-parametric) 
and statistical test (t test, ANOVA, Wilcoxon-Mann-Whitney U) 
used. The power of statistical tests, confidence intervals, and p 
values should be included where relevant. If a software 
programme was used, please state the particular software used, 
version number, and the manufacturers name, city, state, and 
country.

If a survey was carried out, submit a copy of the questionnaire. 
This will not be published if the manuscript is accepted for 
publication, but will be used by the peer reviewers in the 
assessment of the manuscript.

Discussion

Comment on the significance of the findings and any correlation 
with those of other studies and elaborate why it may be so. 
Indicate recommendations or implications if the study suggests 
changes from the current practice of dentistry or understanding of 
the science. State limitations of the study, why and how it hampers 
appropriate interpretation of the outcome.

Conclusion

This should be concise and include your main findings, implications 
of the results, and any recommendations.

Acknowledgements

Please include a statement identifying grants, pharmaceutical 
sponsorship, and other acknowledgements as appropriate.

References 

• References must be numbered consecutively in order of 
appearance in the text, and listed in number order in the 
reference list: do not alphabetize.

• Each reference citation should be a superscript at the end of 
the referenced statement.

• References cited in tables or legends should be included in 
sequence at the point where the table or figure is first 
mentioned in the text.

• Abstracts should not be cited unless the abstract is the only 
available reference to an important concept.

• Do not cite uncompleted work or work that has not yet been 
accepted for publication as references.

• Abbreviations for journals should conform to those used in 
Index Medicus.

• References should include the complete title of the article and 
the last names and initials of all the authors up to 6. If there 

are more than 6 authors, include the last names and initials of 
the first 6 authors followed by “et al”.

• Always give the last page number as well. If there is only one 
page, state if the article is an abstract or letter.

• If you must cite information from a website, please provide 
the author information, article title, the website address and 
the date you accessed the information.

• Authors are responsible for the accuracy and completeness of 
their references and for correct text citation.

Examples are given below. 

Journal articles: 
1. Chew MT, Sandham A. An assessment of orthodontic 

treatment using occlusal indices. Singapore Dent J 2001;24:
9–16. 

2. Smith RN, Rawlinson A, Lath D, Elcock C, Walsh TF, Brook AH. 
Quantification of dental plaque on lingual tooth surfaces using 
image analysis: reliability and validation. J Clin Periodontol 
2004;31:569–73. 

3. Olszewski R, Reychler H. Limitations of orthognathic models 
surgery: theoretical and practical implications. Rev Stomatol 
Chir Maxillofac 2004;105:165–9. [In French]

Books: 
1. Stevens J. Applied Multivariate Statistics for the Social 

Sciences, 3rd edition. New Jersey: Lawrence Erlbaum 
Associates, 1996. 

2. Sapp JP, Eversole LR, Wysocki GP. Infections of Teeth and Bone. 
In: Sapp JP, Eversole LR, Wysocki GP. Contemporary Oral and 
Maxillofacial Pathology, 2nd edition. St Louis: Mosby, 
2004:70–93. 

Report: 
1. Committee on Mercury Hazards in Dentistry. Code of Practice 

for Dental Mercury Hygiene. London: Department of Health 
and Social Security, 1979, publication no. DHSS 79-F-372. 

Tables

Tables should be labelled in Arabic numerals and titled concisely. 
Number all tables in the order of their citation in the text. Tables 
should be typed double-spaced in as simple a form as possible. 
Abbreviations used in the table and not defined in the text should 
be defined in footnotes using these symbols (in order of 
appearance): *, †, ‡, §, ¶.

Figures

The number of figures should be restricted to the minimum 
necessary to support the textual material. Patient identification 
should be obscured unless the patient has consented to being so 
depicted in the article. Include internal scale markers in 
photomicrographs and electron micrographs.

Illustrations, graphs, charts, etc. should be drawn with black ink 
on white paper and should preferably be done by a professional 
illustrator. Arrows and other symbols must be of professional 
quality and of a size permitting some reduction in the final 
copy.

All figures must be accompanied by legends and indicate the 
anatomic area and/or pathologic condition shown. For 
photomicrographs, include the type of specimen, original 
magnification, and stain. All symbols and abbreviations not 
defined in the text should be defined in the legend.



Units

Please use Système International (SI) units, with the exception of 
blood pressure values which are to be reported in mmHg. Please 
use the metric system for the expression of length, area, mass, 
and volume. Temperatures are to be given in degrees Celsius. 

Drug Names

Use the Recommended International Non-proprietary Name for 
medicinal substances, unless the specific trade name of a drug is 
directly relevant to the discussion.

Abbreviations

Where a term/definition will be continually referred to, it must be 
written in full, followed by the subsequent abbreviation in 
brackets, when it first appears in the text. Thereafter, the 
abbreviation may be used.

Editorial and Peer Review
Submitted manuscripts are reviewed initially by the Editorial Staff/
Board, whose members will determine which articles will be 
published based on their scientific merit, readability and interest. 

Manuscripts with insufficient priority for publication are rejected 
promptly. All other manuscripts are sent to two or more expert 
consultants for peer review.

Preparation for Publication
Accepted manuscripts are copyedited according to our house 
style and the galley proofs are returned to the corresponding 
author for final approval. Authors are responsible for all 
statements made in their work, including changes made by the 
copy editor and authorized by the corresponding author. 

All authors must sign a statement of authorship responsibility and 
copyright transfer prior to publication of their paper. This form will 
be provided by the Publisher, together with the galley proofs.

Reprints
Corresponding authors will be e-mailed the PDF file of their article 
after publication for personal and classroom use only. Professional 
reprints may be ordered from the Publisher at terms based on the 
cost of production. A reprint order form is provided by the 
Publisher, together with the galley proofs.






