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INTRODUCTION

The most frequently performed dental procedure
on primary molar teeth in the children under
age six is pulpotomy.1 Pulpotomy treatment

includes applying a medicament over the residual
radicular pulp tissue to promote healing and to allow
normal tooth physiology to continue.2

According to Ranly,3 pulpotomy therapy for primary
teeth has developed along three lines: devitalization,
which has been typified by formocresol and electro-
cautery, preservation, exemplified by glutaraldehyde
and ferri1c sulfate, and regeneration, associated with
calcium hydroxide, which is often not the recom-
mended dressing for pulpotomies in primary dentition,
because of a limited clinical success rate.4

The ideal pulpal dressing material is still not avail-
able. Formocresol is one of the most studied dental
agents since its introduction in 1904.5 In addition to
that, there is a disagreement on its use in dentistry.
Recently, the profession has been urged to reevaluate

the rationale underlying the use of formaldehyde in
dentistry in light of accusations of its deleterious side
effects.6 Still the most popular pulpotomy agent among
pediatric dentists and the standard by which all new
modalities are compared, has remained five-minute
formocresol protocol7,8 with explanation that the state
of current research on alternate medicaments are not
sufficient to convince the majority of pediatric dentists
that a satisfactory alternative has yet been developed.7

Ferric sulfate has been proposed as pulpotomy agent
on the basis of its action as a metal-protein clot at the
surface of the pulp stump, thus acting as a barrier to the
irritate components of the sub-base8 as non-toxic.9 This
assumption has been demonstrated on animal mod-
els10,11 as well as on human teeth.12-14

The present study has aimed to assess clinical and
radiographic effects of 15.5% ferric sulfate compared to
standard five-minute formocresol (full strength Buck-
ley’s formula) as pulpotomy agent on cariously exposed
human primary twenty months after treatment.

MATERIALS AND MEHTODS
Seventy children, divided into two equal groups of 24
male and 46 female, ranging in age from 3 to 6 with
mean age 4.3yr were included in this study. They were
regular patients for treatment of large carious lesions.
The criteria for selection of the teeth were as proposed
by Fuks:15 (1) large carious lesion in otherwise restor-
able tooth, (2) no spontaneous pain, (3) at least two-
thirds of the root length is still present, (4) no sign of
internal or other kind root resorption, and (5) hemor-
rhage from amputated sites easy to control.
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Patients were randomly assigned to group I, (ferric
sulfate treatment) and group II, (standard 5-minute
formocresol treatment).

PULPOTOMY TECHNIQUE
Adequate anesthesia has been administered and rubber
dam placed for every patient.All carious dentin has been
removed before opening pulp chamber. Opening pulp
chamber was done with fissure bur and amputation of the
pulp with sterile round bur N = 300 (TS-RA Messenger
Germany) in high-speed turbine. Amputated sites were
rinsed with saline and dried with sterile cotton pellet.

In group I (35 teeth) after homeostasis of the
amputated sites, 15.5% ferric sulfate (Fe2 (SO4)3 in an
aqueous vehicle, (Ultradent products) has been

applied for 15 second. The cavity was than washed
with saline with aim to avoid all pieces of blood cloth
formation. The cavity has been dried with sterile cot-
ton pellet and the pulp stump covered with zinc-
oxide-eugenol paste. Stainless still crowns (SSC) were
placed as permanent restoration, except for very
uncooperative children. In those cases, over the zinc
oxide eugenol paste, IRM was placed for five days and
then SSC was placed.

In-group II the pulpotomy agent was formocresol
(original Buckley’s formula for 5 minutes) with sub-
base of zinc-oxide-eugenol paste and permanent
restoration protocol was same.

Clinical follow-up was made every three months up
to twenty months.The teeth were judged to be clinically
successful, if they had no symptoms of pain or tender-
ness to percussion, swelling or fistulation.

Radiographic evaluation of treated teeth included
follow-up of periodontal ligament space, and root sta-
tus. Radiographs were taken immediately after the pro-
cedure, and six and twenty months later. Radiological
success required normal periodontal ligament space, no
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Figure 1 & 1a. Radiograph showing internal resorption in the mesial root in twenty months follow up time with ferric sulfate. 1a – radiograph
of same tooth on the beginning procedure, immediately after pulpotomy.

Figure 2a. Radiograph of same tooth at the day of pulpotomy.

Figure 2. Radiograph showing internal resorption of root in
formocresol group in twenty month follows up time.



Ferric sulfate as pulpotomy agent in primary teeth: twenty month clinical follow-up

The Journal of Clinical Pediatric Dentistry Volume 24, Number 4/2000 271

pathological internal or external root resorption and no
intraradicular or periapical radiolucency.

RESULTS
The treated teeth were examined clinically every three
months up to twenty months after the pulpotomy. They
have shown 100% clinical success rate in both groups.
Radiographs showed one tooth in the formocresol
group with internal root resorption (Figure 1) as well as
one tooth in the ferric sulfate group. (Figure 2) It was
2.8% failure rate in the ferric sulfate group and 2.8% in
formocresol group. Rest of the treated teeth had nor-
mal radiographic findings.

DISCUSSION
The use of ferric sulfate in this study was found to pro-
duce a similar effect as formocresol in primary teeth as
pulpotomy agents, measured by clinical and radi-
ographic standards. This is in accordance with previous
findings of Prabhy,11 and also corroborates the findings
of Lewis,6 that ferric sulfate is able to achieve the same
goal as formocresol which possess toxic side effects.

Ideal pulpotomy agents should leave the radicular
pulp vital, healthy and completely enclosed within an
odontoblast lined dentin chamber.8 Only in this way
could early root resorption be preserved and tooth enter
into exfoliative process at the appropriate time. For that
reason, the main objective of this treatment today is to
maintain vitality of the majority of the radicular pulp.15

The potential risk for internal resorption is
increased in the teeth where predentin is lacking.10

Formocresol as well as ferric sulfate do not have ability
to induce new dentin deposition.

The ideal pulpotomy agent is not available yet. Sys-
temic and local toxic side effects of formocresol as evi-
dent though much research proved, that replacement of
formocresol has become imperative.10 Ferric sulfate has
been used on assumption that it might prevent prob-
lems originating from clot formation, thereby reducing
chances for chronic inflammation and internal resorp-
tion without the toxic side effects of formocresol.10

In the present study, one tooth treated with ferric
sulfate has revealed internal root resorption after
twenty months, as well as one with formocresol. In
three years follow-up study by Fuks10 on 15.5% ferric
sulfate applied for 15 second, 7.2% of cases presented
internal resorption compared with 5.4% in the group
with diluted formocresol. Inter-radicular resorption
was observed in two teeth treated with ferric sulfate
and three of formocresol group.

Ferric sulfate, used as 1% feraculum solution gives a
100% clinical success rate as well as a histologically,
during nine months. Radicular pulp was seen normal,
however, not a single case of internal resorption, was
seen in Prabhy12 study.

In other histological studies on animal models
Fuks,10 on baboons’ teeth, the success rate was unfavor-

able clinical results. Only 60% of treated pulps were
shown normal after 8 weeks. Degree of inflammation in
the groups treated with ferric sulfate was not lower
than the group treated with formocresol in animal stud-
ies conducted by Olga.11

One explanation for this discrepancy in histological
and clinical findings was that chronic inflammation of
the pulp without periapical abscess formation maybe
clinically and radiographically normal.10

The high success rate in this study of 97.2% in both
groups, we suppose to be as a result of very carefully
assessment of status of remaining radicular pulp after
amputation, especially regarding bleeding. Despite the
high correlation demonstrated between the type of
bleeding and indication for pulpotomy, there is no
means of precisely determining clinically the status of
the pulp tissue in the radicular part. Existing opinion
though, states.10 that the inability of clinicians to deter-
mine the degree and extent of pulpal inflammations is
one of the major causes of unpredictability of pulp
capping,16 as well as pulpotomy. Most probably 2.8%
failure in both treated groups in this study was the
result of wrong determination of status of remaining
pulpal tissue.

As Bimstein2 mentioned, systemic toxic effects
caused by formocresol can happen in general anesthe-
sia cases in which several pulpotomies may be done
during the same appointment. The number of pulpo-
tomies done under general anesthesia under age five
was 3.5 in our previous study.17 The replacement of
formocresol with ferric sulfate as an advantage, in this
general anesthesia cases.

Another advantage of ferric sulfate over formocresol
regarding time of manipulation, 15 seconds, required
manipulation time for ferric sulfate compared to 5 min-
utes of formocresol required time with the same success
rate, is evidence massive enough for consideration in
replacement of formocresol with ferric sulfate.

The main source of assessment of pulpotomy agents
comes from clinical observations and experience.3 The
mechanism of action remains unclear. Lack of knowledge
of pulpal physiology of primary teeth is most probably
one of the main reasons why all dental procedures
regarding dental pulp have remained controversial.
Advances were made in the field of pulpal physiology
in last decades and promises to change our approach to
pulpal therapy.18

Understanding of the role of TGF-beta in dental tis-
sue repair through either reparative or reactionary
dentinogenesis will allow the exploitation for new
approaches in the treatment of dental diseases.19 The
family of bone morphogenic proteins with inductive
properties suggests a therapeutic applications in a
range of clinical demands.20 These substances are still
far from clinical practice at this time we must still deal
with chemicals and rely on clinical observations and
experience.
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CONCLUSION
Ferric sulfate as a pulpotomy agent was able to produce
the same effect as formocresol on primary human
molar teeth in this study. As nontoxic and easy to
manipulate, ferric sulfate can be recommended as a
pulpotomy agent for replacement of formocresol.
Additional studies are required to evaluate role of fer-
ric sulfate in pulpotomy procedure. Longer observation
periods are also recommended.
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