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Management of the open (immature) apex. 1. Vital teeth

J. L. GUTMANN, DDS & J. F. HEATON, DMD Department of Endodontics, Baltimore
College of Dental Surgery, University of Maryland at Baltimore, Baltimore, Maryland, USA

Introduction

As dental practitioners, we are frequently
faced with managing the young, immature
pulp which has been compromised by trauma
or caries. Under no circumstances should
root canal therapy be the immediate treat-
ment of choice where a vital pulp is present
and the apex of the tooth in question has
not developed sufficiently to permit the un-
complicated mechanics of endodontic instru-
mentation and obturation. Our primary
objective in the management of these cases
is to create an environment conducive to
continued root formation and closure, ie.
apexogenesis.

Treatments of choice would be indirect
pulp capping (Law & Lewis 1961, Held-
Wydler 1964, Starkey 1968, Canby &
Burnett 1963), direct pulp capping {Winter
1977, Corpron & Dowson 1970), partial
pulpotomy (Cvek 1978), also referred to as
pulpal curettage by Berk et ol (1975), or
total coronal pulpotomy (Krakow ef al
1977, Naidorf 1970). Although these pro-
cedures are performed to promote pulpal
healing and to stimulate new dentine forma-
tion, their primary purpose in this instance
is to maintain the vitality and the integrity
of the radicular pulp tissue so root lengthen-
ing and apical closure can ensue.

Indirect pulp capping

In cases of deep caries where further excava-
tion would most probably result in a pulp
exposure and an immature apex is present,
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indirect pulp capping is the recommended
procedure. Based on clinical findings of an
asymptomatic tooth and no abnormal radio-
graphic changes, the mnature of the carious
lesion may be such that the deeper layers
are relatively free of micro-organisms
(Dorfman ez ai. 1943, Parikh er af 1963,
Massler 1967, Shovelton 1968, Langeland &
Langeland 1968) and have been demineral-
ized by bacterial products. Ideaily, all teeth
considered for indirect therapy should
demonstrate radiographically attempts at
reparative dentine between the deep caries
and the dental pulp (Reed 1977). Therefore,
the removal of the highly contaminated layer
of dentine and the placement of an appro-
priate dressing will not only allow the pos-
sible remineralization of the affected dentine
(Massler 1967), but also, due to the large
apical blood supply and pulpal reparative
capabilities, will allow an increased layer
of reparative dentine to form. Although
DiMaggio & Hawes (1963) have reporied
a high histological success rate for indirect
therapy, clinically, continued root formation
to completion visible on the radiograph is a
strong indication of successful treatment.

The clinical technique for performing
the indirect pulp capping procedure is as
follows. Under proper isolation, ie. rubber
dam, prepare an outline form and remove
the clinically soft carious dentine (infected
dentine; Massler 1967). When approximating
the pulp, removal of the final portion of the
soft dentine with hand instruments, i.e. sharp
spoon curettes, allows for a better tactile
appraisal of the texture of the involved
dentine. However, stop prior to removal
of the last layer of carious dentine which
might possibly cause an exposure, and place
a layer of calcium hydroxide or zinc oxide-
eugenol over the dentine and remaining
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carious material (King er al. 1965). Subse-
quently, the tooth should receive a tempor-
ary restoration which provides a good, long-
lasting seal against contamination from oral
fluids, or a final restoration, ie. amalgam
may be placed. Ideally, re-excavation should
occur in 6—8 weeks to determine the status
of the carious material which isleft, although
this course of treatment may depend greatly
on patient availability.

Where trauma has resulted in a class 11
fracture and there is an immature apex,
treatment should be initiated to protect the
exposed dentine. The use of cavity varnish
or the placement of a base of calcium
hydroxide followed by a good sealing tem-
porary restoration is indicated (Case No. 1,
Figs. 1—4).

Direct pulp capping

There is a general agreement that direct pulp
capping may be the treatment of choice
following traumatic exposure in teeth with
immature apices where the coronal tooth
loss is minimal, the exposure is small, and
the time interval since injury is short, e.g.
1—2 hours (Massler ef al. 1957, Kopel 1976,
Winter 1977). However, in the case of a
carious exposure, Seltzer & Bender (1973)
discourage direct pulp capping since micro-
organisms and inflammation are invariably
associated with the pulp beneath the ex-
posure. The presence of bacterial contamina-
tion superimposed on an already chronically
inflamed pulp will most likely lead to de-
generative pulpal changes which may prevent
the continued development of the root.
Therefore, where a carious exposure exists,
a more extensive procedure such as a partial
pulpectomy is indicated (Dannenberg 1974).

In the case of a traumatic exposure, the
tooth should be properly isolated with a
rubber dam and the exposed area gently
cleaned with hydrogen peroxide, sterile
saline, or a dry sterile cotton pellet. The
exposure is covered with calcium hydroxide
(Frankl 1972, Seltzer & Bender 1975} and
sealed with a quick-setting zinc oxide—
eugenol cement followed by a permanent

restoration to prevent leakage of oral fluids
which will cause failure of the procedure.

Direct pulp capping should not be con-
sidered for the tooth with immature apical
development if spontaneous pain exists,
there is radiographic evidence of pulpal or
periapical pathosis, excessive haemorrhage at
the exposure site, or exposure exhibiting
purulent or serous exudates.

As with indirect pulp capping, patient
observation is essential to determine whether
or not normal apical lengthening and closure
ensues or additional intervention is necessary
due to patient symptomatology or adverse
radiographic or clinical findings.

Partial pulpectomy (partial pulpotomy)

A partial pulpectomy has been advocated in
larger pulp exposure resulting from im-
mediate trauma or even when treatment is
initiated long after the initial traumatic
exposure (7—10 days or longer) (Cvek 1978).
The healthy pulp’s response to fracture and
contamination appears to be a hyperplastic
pulpitis restricted to the superficial layers of
the coronal pulp. This response may serve as
a barrier to the further ingress of micro-
organisms and their toxic products.

Removal of the superficial portion of
the coronal pulp and surrounding dentine,
proportional to the area of the exposed pulp,
is accomplished with a cylindrical or cone-
shaped sterile bur in a high-speed handpiece,
accompanied by a generous amount of flush-
ing with sterfle saline (Cvek 1978). Folowing
the control of haemorrhage with saline, the
pulp wound is covered with calcium hydrox-
ide and sealed with a zinc oxide — sugenol
cement. Re-excavation is recommended in
46 months along with radiographic evalua-
tion to determine the extent of the repara-
tive dentine response and continued root
development.

Total coronal pulpectomy {pulpotomy)

A total coronal pulpectomy is indicated
when the coronal pulp has been severely
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compromised, yet the radicular pulp is still
sound (Shiere er gl 1961, Law 1961,
Hartsook 1966, Corpron & Dowson 1970).
Clinically, this is determined by 1 a normal
radiographic appearance; 2 no percussion
sensitivity; 3 slight, if any, response to
thermal stimulation; 4 little, if any, purulent
exndate; 5 absence of odour; and 6 normal
haemorrhage is observed when amputation
occurs and can be easily controlled (Britton
1976).

Under conditions of profound anaes-
thesia and good isolation, all caries is removed
and toilet of the cavity is accomplished prior
to removal of the pulp chamber roof. Careful
removal of the dentine roof is accomplished
by circumscribing the hard tissue to be
removed with a round bur, followed by lift-
ing the roof off the tissue with a spoon
excavator. This procedure should reveal the
odontobiastic membrane, If this membrane
is no longer firm and resilient, the radicular
pulp may have undergone degenerative
changes (Krakow er el 1977}, and treatment
as a necrotic pulp with an open apex may be
indicated.

The healthy odontoblastic membrane
appears as a shiny, glossy tissue, purplish-
grey in colour. This is amputated with a
sterile, sharp, spoon excavator in order to
prevent the pushing of dentinal debris into
the pulp stump wound (Kalnins & Frisbie
1960, Berk & Krakow 1972, Holland ez al.
1979), Haemorrhage is controlled by insertion
of sterile cotton pellets slightly moistened
with sterile saline. A dressing of calcium
hydroxide is placed over the radicular pulp
tissue. A creamy mix of zinc oxide—eugenol
cement is used to seal the dressing in place,
followed by a sound restoration designed to
protect the cement base and prevent con-
tamination (Case No. 2, Figs. 5-8).

It is obvious that not all cases indicated
for partial pulpectomy will display an intact
odontoblastic membrane. Circumstances sur-
rounding each individual case must be taken
into account by the practitioner, ie. large
class 1II coronal fracture, exposure upon
removal of caries, etc., and appropriate
clinical judgment exercised in determining
the proper course of treatment. In all cases,
though, every effort must be made to
preserve the integrity of the apical radicular
pulp, even to the point of performing a
partial pulpectomy (deep pulpotomy) in
which the coronal to mid-portion of the
radicular pulp is removed in an attempt to
eliminate contaminated andfor diseased
tissues,

Discussion

Once the integrity of the pulp has been
seriously compromised and vital pulp treat-
ment has been necessary, it may be impos-
sible to know the capability of the pulp to
respond to treatment, especially if the tooth
has a history of previous or chronic insult.
Therefore, close patient follow-up is neces-
sary in all cases of vital pulp treatment.

Any signs of pulpal necrosis as might
be evidenced by clinical symptoms of swell-
ing, coronal discoloration, tenderness to
percussion, or sensitivity to thermal changes
may indicate that apexogenesis will not
occur. Radiographic comparison of the
treated tooth with surrounding teeth serves
as a biological clock used to determine if
apical closure is occurring. If closure does
not occur relative to the surrounding denti-
tion, or if symptoms of pulpal degeneration
or necrosis appear, then apexification pro-

Case No. 1

Fig. 1. A class Il coronal fracture evident in the upper central incisor of a 6-year-old male patient. Note the
open-wide apex and immature development of the root length. Calcium hydroxide —saline paste was placed
over the exposed dentine, followed by a composite restoration.

Fig. 2. Six-month recall evaluation demonstrates continued root length development and initial attempts

at apical closure.

Fig.3. A 12-month recall demonstrates continued root length development and almost complete apical

closure.

Fig.4. A 27-month recall demonstrates complete root length and apical formation. All pulp tests indicate

the presence of a normal, intact, uninflamed pulp.
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cedures are initiated (Gutmann & Heaton
1981).

During the course of patient observation,
reparative dentine may form adjacent to the
area where pulp capping or pulpotomy was
performed. Although this is indicative of
pulpal repair, the prime focus of attention
must be placed on the closure of the root
apex.

As opposed to apexification procedures
which attempt to induce apical closure,
apexogenesis procedures are designed to
allow for increased root growth in addition
to normal apical formation. It is possible in
cases where the radicular pulp appears
clinically vital, yet may be compromised by
tissue or microbial degradation products,
that the root end may close rapidly without
any appreciable root lengthening. In either
case, any anticipated endodontic procedure
can be successfully completed.

Once apexogenesis has been achieved,
a controversy exists as to the need for
further pulpal treatment. Bodenham (1967)
and Krakow et al (1977} are of the opinion
that complete root canal treatment, sub-
sequent to a partial pulpectomy which has
resulted in completion of root formation,
is indicated only when a post and core is
reguired for adequate restoration of the
crown of the tooth (both anterior and
posterior).

Dannenberg (1974), Kopel (1976),
Goldman (1974) and Langeland er al. {1971,
1977} strongly advocate that following
closure of the apex, a complete pulpectomy
be performed to forestall root canal caleifi-
cation, pulpal degeneration, or internal
resorption. In either case, a sound restora-
tion must be placed to prevent occlusal
leakage, to protect the tooth from possible
fracture, and to maintain an intact arch,
especially in the mixed dentition.
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