International Journal of Paediatric Dentistry 2006

UK National Clinical Guidelinesin Paediatric Dentistry

This revised Clinical Guideline in Paediatic Dentistry replacesthe previoudy publishedeighth Guideline entitled

‘The pulp treatment of the primary dentition’ [Llewelyn, 2000]. The processof guideline production beganin

1994, resuling in Prst publication in 1997.Each guideline has beencirculated to all Consultants in Paaliatric

Dentistry in the UK, to the Council of the British Sodety of Paaliatric Dentistry, and to people of related
specidties recognisedto have expertisein the subject. In the caseof the presentguideline, an internationally

recognsedexperton primary pulp therapy wasinvited to bea co-author (ABF) . The bnd version of the guideline
is producedfrom a combination of this input and thorough review of the publishedliterature. The intention isto

encouageimprovementin clinical practice and to stimulate reseach and clinical audit in areaswhere scientipc
evidenceis inadequate. Evidenceunderlying recommendationsis scoredaccording to the SIGN classbcation and
guidelinesshould bereadin this context. For thosewishing further detail, the processof guideline production in

the UK is describedin the International Journal of Padiatric Dentistry 1997;7: 267D268.
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Introduction additional revisionsto this guideline may be indicated
in futur e years[Goldberg, 2003].
Managementof the grossly carious primary molar is
a common but someimes challenging aspec¢ of
dental care for young children. Regrettably, the
caries experience of British 5-yearolds looks unlikely
to improve in the foreseeable future [Pitts er al.,
2005].1t is therefore essenial that cliniciansare both
conkdent and competentin seleting and undertaking
the most appropriate treatment for grossly carious
primary molars.

In view of new insights into primary pulp biology
[Rodd and Boissonade,2001, 2002, 2005], develop-
mentsin pulpal medicaments and worldwide changes
in clinical practice, it wasfelt necessey to update the

1. Treatmentplanning

The Pbrst treatment decision for the young patient
with one or more extengvely carious primary molars
is whether to retain or extract these teeth. Any
treatment plan should be based on a thorough
history, examination and appropriate investgations.
It should also take into accourt the patientOssocial,
medical and dental status.

1.1 Diagnosis

previous Clinical Guideline on pulp treatment for the
primary dentition [Llewelyn, 2000]. 1t is hoped that
this revised guideline will continue to facilitate good
decisimm-making and evidencebased practice for
young patients. However, with continued advance-
ment and availability of bioactive pulp medicaments
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It is important to try to provisionally diagnosethe
likely pulpal status of the tooth concerned asthis will
determine the most appropriate treatment.

1.1.1 Clinical signs and symptoms

The followi ng symptoms and clinical signsare likely
to be associatedwith signibcantpulpal inBammation
and pathology:

¥ Any history of spontaneous severepain, particu-
larly at night

¥ Reported pain on biting

¥ The necesdy for analgesics
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¥ The clinical extent of the caries, notably the
presenceof marginal ridge breakdown

¥ The presenceof any intra-oral swelling or sinus

¥ A history of intra-oral or facial swdling

1.1.2 Special investigations

¥ Gentle bPnger pressue may determine whether the
tooth is mobile or tender

¥ Pulpal sensbility testing is not appropriate for
primary molars

¥ Radiographs are usually mandatory as these
provide further important information about the
extent of the caries, the proximity of large
restorations to a pulp horn, presence of any
periradicular pathology, degreeof pathological or
physiological root resorption, and presenceof a
successr

1.2 Indications for tooth retention

1.2.1 Medical factors

¥ Patients ‘at risk’ from an extraction (e.g bleeding
disorders, hereditary angio-oedema)

¥ Patients‘at risk’ if a generalanaeshetic is required
for tooth removal (e.g some cardiac conditions,
cystic bbrosis muscular dystrophies)

1.2.2 Dental factors

¥ Minimal number of extensvely carious primary
molars likely to require pulp therapy (<3)

¥ Hypodontia of the permanentdentition

¥ Where preventon of mesal migration of Prst
permanentmolars is desiralde

1.2.3 Social factors
¥ A regular attender, with good compliance and
positive parenta attitudes

1.3 Indications for tooth removal

1.3.1 Medical factors

¥ Patients ‘at risk’ from residual infection (e.g.
immunocompromised, suscepibility to infective
endocardtis)

1.3.2 Dental factors

¥ Tooth unrestorable after pulp therapy

¥ Extensive internal root resorption

¥ Large number of carious teeth with likely pulpal
involvement (>3)

¥ Tooth closeto exfoliation (>2/3 root resorption)

¥ Contralateral tooth already lost (in the caseof a brst
primary molar, and if indicated orthodontically)

¥ Extensive pathology or acute facial swdling
necessitaing emergency admission

1.3.3 Social factors
¥ An irregular attender, with poor compliance and
unfavourable parenta attitudes.

2. Treatmentoptions
2.1 Indirect pulp treatment

This approach has gained increased worldwide
popularity in recentyears.

2.1.1 Rationale

¥ To arred the carious processand provide condi-
tions conducive to the formation of reactionary
dentine beneath the stained dentine and reminer-
alisation of remaining carious dentine

¥ To promote pulpal healing and preseve/maintain
the vitality of pulp tissue

2.1.2 Indications
¥ Tooth with a deep carious lesion
¥ No signsor symptomsindicative of pulpal pathosis

2.1.3 Procedure

¥ Local anaesttetic

¥ Good isolation with rubber dam

¥ Removal of all caries at the enamel-dentne
junction

¥ Judicious remova of soft deep carious dentine
(using hand excavabrs or a slowly rotating large
round steelbur) lying directly over the pulp region
with care to avoid a pulpal exposure

¥ Placemat of appropriate lining material suchasa
reinforced glass ionomer cement a hard-setting
calcium hydroxide or zinc oxide eugenol.

¥ Debnitive restoration to achieve optimum extemal
coronal seal (idedly an adhesiwe restoration or
preformed crown)

2.1.4 Clinical outcome
¥ >90% clinical success(absene of symptoms or
pathology) at 3 yearsfollow up

2.1.5 Level of evidence (Grade B)
Evidence has beenobtained from a number of well-
designel retrospective descriptive studies.

2.2 Direct pulp capping

This approach has limit ed application and is gener-
ally not recommendedfor primary molars.

2.2.1 Rationale

¥ To encouragethe formation of a dentine bridge at
the point of pulpal expaosure with preservation of
pulpal health and vitality
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2.2.2 Indications

¥ Asymptomatic tooth

¥ Small traumatic (non-carious) pulpal exposure

¥ An exposure in older child (1b2years prior to
normal exfoliation of the tooth). In these cases
treatment failure would not imply the need for a
spacemaintainer following extraction, asit would
in younger children

2.2.3 Procedure

¥ Local anaestletic

¥ Optimum isolation with rubber dam

¥ Gentle application of cotton pledget soaed in
water/salineto stemany pulpal haemorrhage

¥ Application of hard-setting calcium hydroxide
pasteor mineral trioxide aggregde (MTA)

¥ DebPnitive restoration to achieve optimum extemal
coronal seal (idedly an adhesiwe restoration or
preformed metal crown)

2.2.4 Clinical outcome
¥ Prognosisis reported to be generaly poor.

2.2.5 Level of evidence (Grade C)

No studies of good quality are available thus
recommendations are based on clinical experience
and expert opinion.

2.3 Pulpotomy

A pulpotomy entails the remova of the coronal pulp
and maintenance of the radicular pulp. There are
three main approachesto this technique: i) presewing
the radicular pulp in a healthy state;ii) rendering the
radicular pulp inert, or iii) encouraging tissue
regeneation and healing at the site of radicular
pulp amputation.

2.3.1 Rationale

¥ To remove the coronal pulp, which has been
clinically diagnosed as irreversibly inBamed, leav-
ing behind a possibly healthy or reversiblyinRamed
radicular pulp

2.3.2 Indications

¥ Asymptomatic tooth or only transient pain (see
explanabry notes1.1.1)

¥ A carious or mechantal exposure of vital coronal
pulp tissue

2.3.3 Procedure

¥ Local anaesttetic

¥ Good isolation with rubber dam
¥ Removal of caries
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¥ Complete removal of roof of pulp chamber
preferably with a non-end cutting bur

¥ Removal of coronal pulpal tissuewith sharp sterile
excavabr or large round bur in a slow handpiece

¥ Attain initial radicular pulpal haemostasis by
gentle application of sterle cotton pledget mois-
tened with saline (haenostads should be achievedl
within four minutes)

¥ Selection of medicament for direct application to
radicular pulp stumps to include any of the
followin g:

1) 15.5% ferric sulphate solution (Astringedent™,
Ultradent Products Inc., Salt Lake City, UT)
burnished on pulp stumps with microbrush for
15 secondsto achieve haemostsis, followed by
thorough rinsing and drying

2) 20% (1:5 dilution) BuckleyO$ormocresolsolution
applied to radicular pulp on a cotton pledgd for
Pveminutes to achievesuperpcal tissue bxation

3) MTA paste applied over radicular pulp with
proprietary carrier

4) Well-condensedlayer of pure calcium hydroxide
powder applied directly over radicular pulp

[N.B. In casef uncontrollable pulpal haemorrhage,

an alternative approach may needto be considered

suchasroot canal treatment or extraction]

¥ Applicati on of alining (if appropriate) suchasrein-
forced glassionomer or zinc oxide eugerol cemen

¥ Debpnitive restoration to achieve optimum extemal
coronal seal (idedly an adhesive restoration of
preformed meta crown)

2.3.4 Clinical outcome

The available eviderce suggess that the formocresol
pulpotomy, the ferric sulphate pulpotomy, electro-
cautety or pulpectomy are equally succeshul techni-
ques. More recert studies are also reporting good
succesgates with the use of MTA (grey and white
formulations) in pulpotomised primary molars.
Long-term successrates for the use of calcium
hydroxide in primary molar pulpotomy appear to
be lower than for other approaches.

2.3.5 Level of evidence (Grades A and B)

Evidenceis available from meta-analsis randomised
controlled trials and other well conducted clinical
studies.

2.4 Desensitisingpulp therapy

2.4.1 Rationale

¥ To reduce pulpal inBammation and/or symptoms
in order to facilitate subsequeh pulpotomy or
pulpectomy procedure
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2.4.2 Indications

¥ Carious pulpal expaosurebut no signs/synptoms of
loss of vitality

¥ Non-compliant child who may require inhalation
sedationfor further treatment

¥ Hyperalgesic pulp (adequate analgesa not
achievel)

2.4.3 Procedure

¥ Local anaestretic

¥ Good isolation with rubber dam

¥ Removal of caries

¥ Place a small pledget of cotton wool loaded with
steroidal antibioti c paste (Ledermix'™) directly
over exposure site (tooth is usually too sensiive to
remove entire roof of pulp chamber)

¥ Place a well-sealed temporary dressng (IRM -
without undue pressue) over the cotton pledget

¥ Recall after 7B14days and proceedwith a pulpot-
omy or pulpectomy technique (depending on
clinical Pndings)

2.4.4 Clinical outcome

¥ The effectivenesf Ledermix pasteasa desersitis-
ing medicament for carioudy exposed primary
molars has not been widely reported in the
literature. However, its anti-inBammatory and
analgesc properties have been well documented
in permanert teeth of adults

¥ The successate for the use of Ledermix™ as a
pulpotomy agert in primary teeth is not well
documerted

2.4.5 Level of evidence (Grade C)

No studies of good quality are available thus
recommendations are reservedfor caseswhere good
anaeshesia can not be achieval or there is initial
poor patient compliance.

2.5 Pulpectomy

It is acknowledged that primary molar radicular
morphology, inherent physiological root resorption
and the close proximity of the permanent successr
tooth are complicating factors in the pulpectomy
procedure. However, primary molar pulpectomy is
achievable with practice and appropriate patient
seletion.

2.5.1 Rationale

¥ To removeirreversibly infBamed or necrotic radicu-
lar pulp tissueand gently cleantheroot canal system

¥ To obturate the root canalswith a blling material
that will resorb at the samerate as the primary
tooth and be eliminated rapidly if accidenglly
extruded through the apex

2.5.2 Indications

¥ Tooth diagnosel as having irreversible pulpitis on
basis of reported symptoms and /or clinical
Pndings (e.g. profuse haemorrage following
pulpotomy procedure)

¥ Non-vital radicular pulp with/without assocated
infection

¥ Good patient compliance

2.5.3 Procedure

A one- or two-stagepulpectomy may be undertaken
deperding on whethertheradicular pulp isirreversibly
inBamed or non-vital (with/without an assocated
periradicular pathosis). If infection is present and the
presenceof an exudatesdoesnot allow drying of the
canal, considemtion should be givento the two-stage
pulpectomy technique, wherethe root canals may be
dresse with an antimicrobial agentfor 7D10daysand
subseqently obturated at the secondavisit.

¥ Pre-operdive radiograph showing all roots and
their apices

¥ Local anaesthetic (to enable use of rubber dam
clamp)

¥ Rubber dam mandatory

¥ Removal of caries

¥ Removal of roof of pulp chamber preferably with
non-end cutting bur

¥ Removal of any remains of coronal pulp tissue
with sharp sterile excavabr or large bur in slow
handpiece

¥ Note whether radicular pulp is bleeding (one-stage
procedure)or necrotic (usually requiring two-stage
procedure)

¥ |dentify root canals

¥ Irrigate with normal saline (0.9%), Chlorhexidine
solution (0.4%) or sodium hypochlorite solution
(0.1%)

¥ Estimate working lengths of root canals keeping
2 mm short of the radiographic apex

¥ Insert smal Ples (no greater than size 30) into
canalsand Ple canal walls lightly and gently

¥ Irrigate the root canals

¥ Dry canalswith pre-measured paper points, keep-
ing 2 mm from root apices

¥ If infection present(canalexudateand/or assocated
sinus) dressroot canals with non-seting calcium
hydroxide and temporise (two-stage procedure).
Consider presciibing a systemc antimicrobial

¥ If canalscan be dried with paper points, obturate
root canals by injecting or packing a resorbable
paste e.g. slow-stting pure zinc oxide eugend,
non-seting calcium hydroxide paste or calcium
hydroxide and iodoform paste (Vitapex™ or
EndoRas ™)
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¥ Debnitive restoration to achieve optimum extemal
coronal seal(ideally a preformed crown)

2.5.4 Clinical outcome
¥ 86% clinical successat 36 months follow up (lower
successates found at longer follow-up times)

2.5.5 Level of evidence (Grade B)
Evidence is available from randomised controlled
trials and other well conducted clinical studies.

2.6 Review

Regular clinical and radiographic review following
any primary molar pulp therapy is mandatory.

Explanatory notes

1. Treatmentplanning
1.1 Diagnosis

1.1.1 Clinical signs and symptoms

It isimportant to take a good history of the presentng
symptoms. This will aid assessmentf the likely pulpal
status of the tooth concernedand will therefore help
determine the most appropriate treatment [Fuks,
2000]. Although correlation between symptoms and
pulpal statusis known to be quite poor [Guthrie ez al.,
1965], Seltzer and Bendea [1984] found that a high
percentige of teeth with spontaneaus pain demon-
stratedirreversible pulpitis. A pulpotomy procedureis
therefore not indicated for any tooth with unprovoked
continuouspain. However, careshould betakennot to
misinterpret a throbbing pain, simulating an irrever-
sible pulp condition, with that assocated with an
inBamed dental papilla owing to food impaction.
These symptoms gererally disappear following
restorative treatment [Fuks, 2005]. Conversely, the
absenceof pain doesnot indicate a pulp free from
widespread inBammation or neaosis.

In teethwith carious breakdown of more than half
of the buccolingual intercuspal distance, there are
likely to be some infBammatory changeswithin the
pulp horn region [Duggal et al., 2002].In suchteeth,
some form of conservative pulpal therapy, possibly
indirect pulp treatment, is thus usually indicated.

1.2 Indications for tooth retention

1.2.3 Dental factors

Retertion of second primary molars is usudly
advisable to prevent or minimise mesial drift of brst
permanentmolars. This may be of benepbtin reducing
subseqeent premolar crowding and/or avoiding the
estabishment of undesirable buccal relationships.

Pulp therapy for primary molars

1.3 Indications for tooth removal

1.3.3 Dental factors

In casesvhere a brstprimary molar hasalready been
lost, extraction (rather than pulp treatment) of the
contralateral brst primary molar is usually recom-
mended(unless the dertition is very spaced to avoid
subseqent centre line shift [Rock, 2002].

2. Treatmentoptions

Oncethe decisionhas been madeto retain the tooth,
the clinician needsto sele¢ the most appropriate
treatment option. A fundamental considemtion is
whether the pulp is likely to be vital or non-vital.
A good history followedby a careful clinical examina-
tion and appropriate radiograph will frequenrtly help
in reaching a correct diagnosisand sele¢ing the most
appropriate treatment. However,on someoccasions,
once treatment has commenced, further empirical
clinical Pndings,suchasthe presencef uncontrollable
pulpal haemorrhage from the amputated radicular
pulp stumps, may also aid treatment selection.

2.1 Indirect pulp treatment

2.1.3 Procedure

Some authors have recommendedthat indir ect pulp
treatment be undertaken as a two-stage procedure
[Vij et al, 2004]. Initial caries remova is achievel
without the useof local anaestheticand a reinforced
zinc oxide eugend or glassionomer cementrestora-
tion is placedfor a 1B3month period, prior to further
caries remova under local anaeshetic [Falster et al.,
2002]. No precise method has been developed to
determine how much caries to remove it isreliant on
good clinical judgement. This approach may have
merit in young anxious patients but it is of para-
mount importance that the temporary restoration is
not subject to microleakage Conversely, other
investgators have reported a higher successrate
whenindir ect pulp treatment is performed asa single
visit procedure [Farooq et al, 2000].

There is insufpcientevidenceto support the use of
any one specibclining material for indirect pulp
treatment [Ehrenreich, 1968]. However, newer
reseach appeas to be directed towards the use of
glassionomer cemens [Massara et al., 2002].

2.1.4 Clinical outcome
Severalstudieshavereportedsuccessates(an absence
of symptoms or pathology) of over 90% at 3 years
follow- up [Farooq et al., 2000;Falster ez al., 2002;Al-
Zayeret al., 2003;Vij et al., 2004].1t would appearthat
successs greater in secondprimary molars than prst
primary molars [Al-Zayer et al., 2003].
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The succesof the technique appeas to be highly
deperdent on achieving a good extemal coronal seal,
which will effectively cut off the nutritional supply for
any remaining dentinal bacteria and will prevent
furth er bacterial microleakage It hasbeenshownthat
failure is 7.7timesmore likely in atooth restoredwith
an amalgamthan onerestoredwith a performed metal
crown [Al-Zayer et al., 2003]. Adhesive restorations
havealso been shownto provide optimum protection
from marginal leakage in pulpotomised primary
molars[Guelmannet al., 2004].1t isthereforestrongly
recommended that adhesive restorations or
preformed crowns are employed following any
primary molar pulp therapy procedure.

2.2 Direct pulp capping

2.2.4 Clinical outcome

Altho ugh some clinical successhas historically been
reported for direct pulp capping of primary teeth
[Hargreaves, 1969, the technique is not normally
advocated for carious primary molars [American
Acadeny of Pedidric Dentistry, 2004].No long-term
outcome data are available but prognosisis reported
to be generaly poor, with some studiesreporting a
high incidence of internal resorption [Starkey, 1963;
Kopel, 1992]. Interestingly, a recent case report
descrbed the useof MTA (ProRoot, Dentsply) in a
cariousdy exposed primary molar and reported
clinical successat 18 months follow up [Bodem
et al., 2004].However,further studieswill berequired
before such a technigue is universally recommended.

2.3 Pulpotomy
2.3.3 Procedure

¥ Formocresol

A key factor to prompt revision of the existing
Clinical Guidelines was the perceived need to re-
evaluate the use of formocresol The dental profes-
sion has always expresed some resewrations about
the use of formocresol or more specibcdly formal-
dehyde, in primary molar pulp treatment [Water-
house 1995]. In a recent survey of 184 British
paediatic dentistry specialiss, 54% expresed
concen about the safety of formocresol [Hunter
and Hunter, 2003. In June 2004, a pressreleasefrom
the International Agency of Resarch on Cance
(IARC) stated that there was now consideled to be
‘sufficient evidence that formaldehyde causes nasophar-
yngeal cancer in humans’ [IARC, 2004]. Studies
linking formocresol with nasopharyngeal cancer in
both humans and animals are based on chronic
exposue to formaldehydeat very high doses[Swen-

burg et al., 1980]. There is also strong, but as yet
inconclusve, eviderce of a causal relationship
between formaldehyde exposure and leukaema
[IARC , 2004; Collins and Lineker, 2004].

Occupational formaldehyde exposure occurs in
numerous industrial settings but strict regulations
are in placeto monitor and reduceworker exposure
[National Institute for Occupdional Safety and
Health, 1981]. The actual amount of formaldehyde
vapour exposure (ppm) to a child undergoing a
formocresol pulpotomy is unknown. More impor-
tantly, the degreeand potential effectof accumulative
formaldehydeexposureto dental professionakis also
unknown.

There appearsto be conf3icting opinion amongst
British paediatric dentists as to the justibcaton for
continued use of formocresol It is, howeve, antici-
patedthat the availability of formocresolwill become
increasingly problematic and may actually drive a
change in clinical practice. It is the intention of this
Guideline to highlight current concerns regarding
formaldehydeand to suggestthat routin e use of the
formocresol pulpotomy may be imprudent given the
availability of effective alternatives (ferric sulphate
and MTA) [Srinivasan et al., 2006].As in all areasof
clinical practice, careful considemtion should be
given to the perceived benebts of any intervention
versusthe potential risks.

¥ Ferric sulphate

Ferric sulphate promotespulpal haemastasisthrough
a chemical reacton with blood. It hasbeen proposed
as a pulpotomy agent on the basis that it controls
pulpal bleeding and forms a ‘protective’ meta-protein
clot over the underlying vital radicular pulp. A zinc
oxide eugenol baseis then usually applied over the
radicular pulpal tissue. However, a number of
authors have speculded that the eugenol may in
fact promote internal resorption when placed in
contact with vital tissue following a ferric sulphate
pulpotomy [Smith et al., 2000; Casas et al., 2003].
This possible complication warrants furth er invest-
gation.

¥ Mineral triox ide aggregde

Mineral tri oxide aggregatehasbeenusedsucceshully

in adult endodontic proceduressincethe early 1990s
[Leeetal., 1998]. The constituentsinclude: tricalcium

silicate, dicalcium silicate, tricalcium aluminate,
tetracalcium aluminoferrite, calcium sulphate and
bismuth oxide. The material has excelent bioactive
properties and essentidly stimulates cytokine release
from pulpal Pbroblags, which in turn stimulateshard

tissue formation. It is mixed with sterile water to a
sandy consistency,which is gently packed againg the
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radicular pulp stumps. The material is hydrophilic
and takes up to four hours to setcompletely.

¥ Other pulpotomy procedures

Altho ugh not commonly used by British paediatric
dentists, electrosurgey has beenwell descrited as a
non-pharmacological haemosttic pulpotomy
approach for carious primary molars. The procedure
carbonises and denatures superbcal pulp tissue
producing a layer of coagulative necrosis with
healthy radicular pulp benreath it. Sucessrates are
reported to be similar to those achieved with a
formocresol pulpotomy [Dean et al., 2002; Rivera et
al., 2003].However, the electrosurgical technique will
not eliminate inBammation within pulp tissue and
successs therefore reliant upon the initial inBamma-
tory status of the radicular pulp. To date there has
beenlimit ed researchon the use of lasersin human
primary molar pulpotomy.

2.3.4 Clinical outcome

A recent sysematic review of pulp therapy for
primary molars [Nadin et al., 2003] identibed three
randomisedcontrolled clinical trials where the follow
up period had been at least 12 months. From the
Pndings of these studies, it was concluded that the
formocresol pulpotomy, the ferric sulphate pulpot-
omy, elecrocautery or pulpectomy were equdly
succestul techniques [lbricevic et al., 2000; Dean
et al., 2002; Casaset al., 2003,2004].A recentmeta-
analyss of formocresolversusferric sulphate primary
molar pulpotomiesfound both approachesto havea
similar rate of clinical and radiographic succesgLoh
et al., 2004].

The clinical and radiographic successof ferric
sulphate pulpotomies is gererally reported as being
>90% at 2 years[Fukset al., 1997;Smith et al., 2000;
Casaset al., 2003].More recentstudiesare reporting
very good successrates with the use of MTA in
pulpotomised primary molars. The use of grey and
white formulation MTA has beenfound to be 100%
and 90% respectivey at a 12-month foll ow up period
[Agamy et al., 2004]. Holan and co-workers [2005]
achieval a 97% clinical and radiographic successate
for MTA pulpotomiesascomparedto an 83% success
rate for formocresolpulpotomies.

Long-term successrates for the use of calcium
hydroxide in vital primary molar pulpotomy appear
to be lower than for other approaches. The main
reported complication is internal root resorption,
which is attributed to the presenceof an extra-
vascuhbr blood clot [Schroder, 1971]. However some
studies have reported favourable outcomesin over
80% of cases[Heilig et al., 1984; Gruythuysenand
Weerhejm, 1997].
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It should be apprecited that, although studiesreport
high levels of clinical successfollowing pulpotomy
procedures,radiographic Pndingsoften indicate some
pathological changes,which most commonly include
calcilc  metamorphosis and internal resorption
[Smith er al., 2000]. Casas and colleagues [2003]
noted that 55% of their ferric sulphate-treated molars
showaed some radiographic evidence of internal
resorption and 71% demonstated pulp canal oblit-
eration. Papagiannoulis [2002] reported that the
internal resorption, present in some ferric sulphate
treated teeth, did not progressor evenremineralise.
Thus these changesare not considered potentially
damaging to the underlyin g successortooth, and as
such, are not an indication of treatment failure.

2.4 Desensitisingpulp therapy

2.4.3 Procedure

Histori cally, this two-stage technique used parafor-
maldehyde paste to bPx and devitalise hypersengive
coronal pulp tissue. However, in view of increasing
concens about the use of formaldehyde, an alter-
native approach, using Ledermix ™ paste, is recom-
mended[Waterhouse,2004].Ledermix™ is a readly
available paste containing triamcinalone acetonde
(steroid) and demeclocycline (antimicrobial). It is
usedwidely in adult endodontic proceduresand has
beenshown to reduce pulpal inBammation and pain
[Langeland et al., 1977;Sazaket al., 199; Ehrmann
et al., 2003].

2.4.4 Clinical outcome

There have been no histological or clinical studies
reporting the succesof Ledermix™ as a desersitis-
ing medicament in primary pulp therapy. Interest-
ingly, its useasa pulpotomy agert hasbeendescrbed
with a reported successate of 79% [Hansen 1971].

2.5 Pulpectomy

2.5.3 Clinical procedure

Slow setting pure zinc oxide eugenol paste has
traditi onally beenthe material of choice asa primary
molar root Plling material. However, concernshave
been expresed regarding the slow remova of zinc
oxide eugenol by the body (if extruded though the
root apex) and the differential rate of resorption
between this material and the tooth itself [Fuks,
2000]. Recently investigators have found that Vita-
pex™ (amixture of calcium hydroxide and iodofor m
paste)hasa superior successate to that of zinc oxide
eugerol (100% versus 78.5% at 16 months) and is
removed more readily if extruded through an apex
[Mort azavi and Mesbahi, 2004].
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Some clinicians have advocated the use of
chemotherapeuic agentsin infected primary molar
teeth as a simpler option to pulpectomy [Ballesio
et al., 2002; Takushige et al., 2004]. However, the
medicaments used in these studies are not yet
commercially available. Traditionally, British paeda-
tric dentists have employed beechwood creosoe to
‘disinfect non-vital primary molars in a two-stage
‘non-vital pulpotomy’ procedure, but this medica-
ment is highly toxic [Duggal et al., 2005], not easily
obtained and succesgates are poor [Hobson, 1970].
In the light of the knowledgetoday, it would not be
biologically accefable to leave necrotic tissue in a
root canal. Similarly, formocresol has also been in
primary molars with irreversibly infamed or necrotic
radicular pulp tissue.In view of increasingconcerns
about formocresol this approach is now also
outmoded.

2.5.4 Clinical outcome

In a recent study, Casas[2004] reported an 86%
successate for pulpectomised primary molars, pblled
with zinc oxide eugenol, at 36 months follow up. The
same study reported that pulpectomised primary
molars showed signibcantly greater survival rates
than those subjectto a pulpotomy. Excellent success
rates have also beenreported where KRI pasteor a
calcium hydroxide and iodoform preparation has
been employed [Nishino et al., 1980, Fuks et al.,
2002].1t should also be noted that higher failure rates
are gererally reported where canalsare overblled as
comparedto underblled [Holan and Fuks, 1993].

2.6 Review

Whilst the clinical successof many primary tooth
pulp treatments is reportedly high, studies often
demonstrate a much lower proporti on of teeth with
radiographic signsof completehealing. It should also
be noted that radicular cyst developnent is a well-
recognsed sequela [Savageer al., 1986; Takiguchi
et al., 2001].Hence, regular clinical and radiographic
review followin g any primary molar pulp therapy is
strongly recommended.
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