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Abstract

Pulpotomies were performed on 83 primary molars in 62 patients. Ferric sulfate or formocresol was
placed on the pulpal stumps, and teeth were followed for 3-, 6-, and 12-month periods. After the one-year
follow-up, 28 of 29 teeth treated with ferric sulfate (FS group) were considered successful and 21 of 
teeth treated with formocresol (FC group) were judged to be successful. The FS group demonstrated
greater combined clinical and radiographic success than the FC group at the one-year recall (P < 0.05).
Although the results of this study are promising, further study with longer observation periods is
warranted before this technique can be recommended. (Pediatr Dent 13:327-32, 1991)

Introduction

The pulpotomy preserves the remaining vital por-
tion of cariously exposed pulpal tissue. Formocresol
was introduced in the United States by Buckley in 1904
and is the most widely used pulpotomy material in
North America (Avram and Pulver 1989). Studies have
shown formocresol therapy to have a success rate be-
tween 70 and 90% (Wright and Widmer 1979). Histo-
logic results have been variable in contrast to the high
clinical success rate. Instead of preserving vital pulpal
tissue, chronic inflammation and necrotic tissue were
found (Rolling and Lambjerg-Hansen 1978). Another
problem with formocresol is its systemic distribution
from the pulpotomy site (Myers et al. 1978). Pruhs et al.
(1977) found a relationship between primary teeth
treated with formocresol and enamel defects in the
permanent successors. This relationship was not found
by Rolling and Poulsen (1978). The allergenic and muta-
genic properties of formaldehyde have been demon-
strated in animal models, but not in humans (Judd and
Kenny 1987). An alternative to the use of this medica-
ment which does not elicit the same systemic and local
problems would be desirable.

Glutaraldehyde and calcium hydroxide have been
tested in pulpotomies in primary teeth. Electrosurgery
and CO2 laser also have been used. Clinical studies
using a 2% glutaraldehyde solution generally have
yielded favorable results. Prakash et al. (1989) and
Garda-Godoy (1986) reported 100% success after 
months and 98% success after 19-42 months, respec-
tively. Fuks et al. (1986; 1990) reported an initial clinical
and radiographic success of 94% after six months which
subsequently decreased to 90% at one year and 82%
after two years.

Studies investigating the use of electrosurgical
pulpotomies have yielded variable findings. Ruemping
et al. (1983) and Shaw et al. (1987) demonstrated favor-

able histologic results in primates, while Shulman et al.
(1987) noted pathologic root resorption and periapical/
furcal pathology. Interpreting the results of these stud-
ies is difficult because of differences in techniques and
electrical currents used. Lasers also have been tested in
pulp therapy. A carbon dioxide laser caused no imme-
diate pulpal damage following pulpotomies in mongrel
dogs (Shoji et al. 1985). Much more research is needed 
determine effectiveness, as well as the type of laser best
suited and most cost-effective for this technique.

When calcium hydroxide was used as a pulpal dress-
ing, the success rate, as estimated from radiographs,
seldom exceeded 60% (Magnusson 1970; Schr6der 1978)
with extensive internal resorption below the amputa-
tion level as the most frequent complication (Schr6der
1978). According to Schr6der (1978) the lack of 
equate hemostasis before placement of the medicament
adversely affected the treatment outcome. A blood clot
on the wound surface lowered the frequency of histo-
logically complete healing.

The success of a pulpotomy may be increased by
promoting hemostasis of the remaining pulpal tissue.
Heilig et al. (1984) studied the use of aluminum chlo~’ide
on pulpal tissues before calcium hydroxide placement.
A more rapid reduction in pulpal hemorrhage and
attainment of hemostasis was observed when alumi-
num chloride, rather than sterile water control, was
used. After 9 months, the aluminum chloride-calcium
hydroxide group presented a more favorable result
radiographically than the control, but samples were
small.

Ferric sulfate (Fe2[SO413) is used for gingival retrac-
tion before impression taking and in endodontic sur-
gery for hemorrhage control (Christensen and
Christensen 1979). In contact with blood, a ferric ion-
protein complex is formed and the membrane of this
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complex seals the cut blood vessels mechanically, pro-
ducing hemostasis (Fischer 1981; 1987). Another form
of this agent, ferric subsulfate (Monsel’s solution,
Fe4[OH]2[SO415), has been used widely in skin and
mucosal biopsies as a hemostatic agent (Epstein and
Maibach 1964). Ferric subsulfate is successful in con-
trolling hemorrhage, but has pigmentary, degenera-
tive, and reactive changes following its use during skin
biopsies (Amazon et al. 1980; Olmstead et al. 1980).
Shaw et al. (1983) also found reversible damage to the
connective tissue adjacent to the sulcular gingiva after
application of ferric sulfate.

Landau and Johnsen (1988) used ferric sulfate 
control pulpal hemorrhage before applying calcium
hydroxide to pulpotomized monkey teeth. After seven
days, both groups had slight inflammatory changes,
and after 60 days a better pulpal response was found in
teeth treated with ferric sulfate than in the control. No
mummification was seen in any of the pulpotomized
tissues because ferric sulfate is not a fixative agent as is
formocresol. The hemostatic properties of ferric sulfate
and the favorable pulpal response make it a promising
medicament for pulpotomy.

Controlling pulpal hemorrhage with ferric sulfate
may prevent the problems previously encountered due
to clot formation, thereby minimizing the chances for
inflammation and internal resorption of the remaining
pulpal tissue. The purpose of this study was to compare
the clinical and radiographic success of ferric sulfate
and formocresol as pulpotomy medicaments.

Materials and Methods

Subjects were selected from the patient population of
the Pediatric Dental Clinic at the University of Southern
California School of Dentistry. Parents were informed
of the study and appropriate consent was obtained.
Teeth were selected according to the following clinical
criteria: 1) absence of excessive tooth mobility; 2) ab-
sence of tenderness to percussion; 3) absence of
fistulation; and 4) absence of gross caries or coronal
destruction that would preclude restorability. Teeth
also met the following radiographic criteria: 1) carious
exposure of the pulp; 2) no internal or external resorp-
tion; 3) no calcific pulpal degeneration; and 4) 
intraradicular or periapical radiolucency. Sixty-two
patients ranged in age from 3 years 2 months to 10 years
1 month (mean age: 6 years 7 months). Thirty-seven
males and 25 females contributed 83 primary molars (31
maxillary teeth and 52 mandibular teeth) requiring
pulpotomy. Teeth were assigned according to a table of
random numbers to one of two groups: formocresol (FC
group) or ferric sulfate (FS group). A subject with more
than one tooth requiring pulpotomy had each tooth
randomly assigned to one of the two groups. Fifty-six

teeth from 48 patients (FC group: 27 teeth; FS group: 29
teeth) were available for evaluation after one year.

The pulpotomy procedure used administration of
local anesthetic and isolation of the tooth with a rubber
dam. Dental caries was excavated and if a carious pul-
pal exposure was evident, a sterile #330 high-speed bur
(under continuous water irrigation) was used to unroof
the pulpal chamber. Coronal pulpal tissue then was
removed using a sterile slow speed round bur (#6 or 8)
or sterile sharp spoon excavator. After pulpal hemor-
rhage was assessed, gross hemorrhage control was
achieved using dry sterile cotton pellets. In the experi-
mental group, 15.5% ferric sulfate (AstringedentTM,

Ultradent Products, Inc. Salt Lake City, UT) was ap-
plied to the pulpal stumps by gently touching the stumps
with the applicator ("Dento-infusor") supplied by the
manufacturer. Hemorrhage control was assessed and
reapplication of the ferric sulfate was accomplished if
bleeding did not cease. Following the second applica-
tion, if hemorrhage persisted, a pulpectomy was com-
pleted and the tooth was eliminated from the study. For
the formocresol pulpotomy technique, a sterile cotton
pellet moistened with 1:5 diluted Buckley’s formocresol
(Sultan Chemists Inc, Englewood, NJ) was placed against
the pulpal stumps for 5 min. If hemorrhage was not
controlled, the pulpal stumps were checked and the
pulp chamber was cleansed and rinsed followed by a
second application of formocresol. If hemorrhage per-
sisted, a pulpectomy was completed and the tooth was
eliminated from the study. A zinc oxide and eugenol
(ZOE) base was placed over the pulpal stumps of teeth
assigned to both groups followed by IRM (Intermediate
Restorative Material: LD Caulk Division, Milford, DE)
to provide a harder surface. The tooth then was restored
with a stainless steel crown.

Clinical and radiographic evaluations of the teeth
were conducted at 3-, 6- and 12-month intervals by two
independent examiners who had no knowledge of the
group to which the particular tooth was assigned. Be-
fore grading the X-ray films, the examiners were asked
to evaluate 14 posterior periapical radiographs not in-
cluded in the study to establish a consensus. Teeth were
judged clinical successes if they had no symptoms of
pain or tenderness to percussion, swelling or fistulation,
or pathologic tooth mobility. Radiographic success re-
quired a normal periodontal ligament, absence of
pathologic internal or external root resorption, and no
intraradicular or periapical radiolucency. At the time of
evaluation, examiners determined whether external re-
sorption was pathologic or physiologic. If the examin-
ers disagreed, the poorest outcome was chosen. The
overall success of the treatment was assessed according
to both clinical and radiographic findings. If either was
determined to be a failure, treatment was judged to
have failed.
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Fig 1. Radiographic failure of first
primary molartreated with formocresol
due to internal resorption. Preoperative
radiograph (1a, left). Radiograph at 3-
month postoperative period with
internal resorption within the mesial
root canal db).

Statistical Analysis
The Kappa statistic was used to test the reproducibil-

ity of the scoring by examiners. Clinical and radio-
graphic success of the two treatment regimens at each
recall visit was analyzed separately by Fisher's exact
test.

The number of teeth judged to have treatment fail-
ures at the three recall visits was compared by using the
matched multisample comparison test. Only the sub-
jects who completed all three recall visits were included
in the test so that the significance of the differences of
failures among the three recall visits could be evalu-
ated.

Calcification of root canals in both FS and FC groups
were analyzed by Chi-square test to determine whether
any differences existed.

Results
The Kappa statistic indicated highly significant re-

producibility between the two examiners (P < 0.001).

Clinical Results (Table 1)
All teeth in the FS group were judged to be successful

(success rate 100%) and one tooth out of 27 teeth in the
FC group was judged to have failed after one year
(success rate 96.3%). No significant difference was found
between these two groups (P > 0.1) at the 12-month
recall, nor between the two groups at the 3- and 6-
month recall visits (P =1.0).

Radiographic Results (Table 2)
There was no significant difference between the FC

and FS group at any of the recall visits (P > 0.05). One
tooth judged to be a failure at the 3- and 6-month recall
periods was not available at the 12-month recall, and
was still considered a failure. Radiographic failure fol-
lowing treatment with formocresol is shown in Fig 1.

Overall Results (Table 3)
Combining the clinical and radiographic results in

the 3- and 6-month recall periods, there were no signifi-
cant differences between the two treatment groups (P >
0.1). At the one-year recall, 28 of 29 teeth in the FS group

were considered clinic and radiographic successes, but
in the FC group, 21 of 27 teeth were considered success-
fully treated. A significant difference between the com-
bined clinical-radiographic results of these two groups

Table 1. Clinical evaluation of FS & FC pulpotomies at recall

3 months
Success Fail

FS

FC

26

23

P = 1.0

0

0

6 months
Success Fail

27

24

P = 11.0

0

0

12 months
Success Fail

28

26

P

0
1

= 0.491

Test was performed at 5% significance level.

Table 2. Radiographic evaluation of FS & FC
pulpotomies at recall

FS

FC

3 months
Success Fail

25 1

20 3

P = 0.259

6 months
Success Fail

26 1

20 4

P = 0.140

12 months
Success Fail

28* 1

22 5

P = 0.081

Test was performed at 5% significance level.

* One tooth was not available for evaluation at 1 2 months but was
still considered a failure since it had already failed at 3 and 6
months.

Table 3. Overall evaluation of FS & FC pulpotomies at recall

FS

FC

3 months
Success Fail

25 1

20 3

P = 0.259

6 months
Success Fail

26 1

20 4

P = 0.140

12 months
Success Fail

28 1

21 6*

P = 0.041*

Test was performed at 5% significance level.

* Significant difference with P< 0.05.

+ One tooth was judged to fail clinically but not radiographically.
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Fig 2. Root canal calcification follow-
ing treatment with ferric sulfate.
Radiograph exposed of first primary
molar at 3-month postoperative period
(2a, left). Radiograph at 12-month
postoperative period with calcification
of the mesiobuccal root canal (2b).

was noted after one year (P < 0.05). The combined
overall success rate of the FS group was 96.6% and the
FC group was 77.8%.

Incidence of Failure at Recall
By using the comparison of the three matched

samples, there were no significant differences in the
time in which treatment was considered to have failed
in both the FC group (P = 1.0) and FS group (P > 0.1). In
the FS group, one tooth failed at the 3- and 6-month
recall periods but was not available for the 12-month
recall. It was still considered to be a failure. In the FC
group, two teeth were not available at the 3-month
recall but were examined at the 6- and 12-month recall
visits, when they were judged to be failures. These two
cases were excluded since there was no information
regarding the time of failure.

Canal Calcification
In the FS group, internal calcification of the root

canals was found in 14 of 29 teeth, while in the FC group
there were 12 of 27 teeth with this finding (Fig 2). A Chi-
square test did not indicate a significant difference
between these two groups (0.05 < P < 0.1).

Discussion
An effective pulpotomy medicament must result in

clinical and radiographic success and physiologic com-
patibility between pulp and surrounding tissues. The
current study demonstrated that ferric sulfate was clini-
cally and radiographically* successful as a pulpotomy
medicament in primary teeth. At the one-year recall,
the success rate of the FS group was actually greater
than that of the traditional FC pulpotomy group (P <
0.05), when both clinical and radiographic success were
combined. It was interesting to note that the success rate
of the FC group was 77.8%, somewhat lower than re-
ported previously (Morawa et al. 1975; Fuks and
Bimstein 1981). An explanation for this finding could be
related to the small sample size or to operator error,
although pulpotomies in both groups were performed
by the same operator under rigorous conditions.

The question of histologic response following treat-
ment with ferric sulfate was addressed in an animal
study by Landau and Johnsen (1988) in which ferric
sulfate was used to control hemorrhage before calcium
hydroxide placement. Vital pulpal tissue was found at
the apical third of all teeth treated with ferric sulfate
after 60 days, compared to four of seven teeth in the
sterile water-calcium hydroxide control group. How-
ever, the sample sizes were small and the recall period
was short. Although the ferric sulfate technique ap-
peared successful histologically, the long-term effect of
this drug on the teeth and the rest of the body was not
addressed.

Ferric sulfate, unlike formocresol, does not mum-
mify pulpal tissue (Landau and Johnsen 1988). In the
current study, ZOE was chosen as the base material to
place over the treated pulp stumps so that the experi-
mental technique could be compared more directly
with the traditional formocresol pulpotomy technique
which also uses ZOE. The use of the zinc oxide and
eugenol base may not be an ideal choice, since eugenol
irritates pulpal tissue (Garcia-Godoy 1982). Since
formocresol is said to "mummify" or fix the coronal
tissue in root canals, pulp tissue under this agent may
not be affected by the ZOE. Garcia-Godoy found less
severe inflammation when ZOE was placed on
formocresol-treated pulps than on pulps not treated
with a fixative agent (1982). Since ferric sulfate is not a
fixative agent, the base in direct contact with the pulpal
surface may play an important role in the healing pro-
cess. Bases which are inert may stimulate pulp cell
attachment and provide more rapid and less inflamma-
tory wound healing (Schroder 1985). The possible com-
bination of ferric sulfate with different base materials is
certainly worthy of further investigation.

Schroder (1977) reported an 81 % agreement between
the clinical and histologic diagnoses of chronic coronal
pulpitis in carious primary teeth. A tooth may appear to
be a good candidate for a pulpotomy clinically, but
pulpal inflammation may not be confined to the coronal
portion of the pulp, making the tooth a questionable
candidate. Because of the fixative properties of
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formocresol and the possibility of mummifying a broad
zone of the remaining pulpal tissue, a tooth treated with
this medicament could still remain clinically successful.
Ferric sulfate is a nonfixative, but has bacteriostatic
properties and may not act on the underlying inflam-
matory tissue; thus, it may not be beneficial in a similar
situation. In the current study, the most frequent evi-
dence for a particular technique to fail in either group
was intraradicular radiolucency. Taking into account
the type of failure and the time period in which the
failure occurred, improper selection of the teeth ini-
tially may have led to these failures.

One tooth in the FC group was considered to have
failed clinically due to pain on percussion. The same
tooth, however, did not present any radiographic
changes throughout the year. Similarly, the teeth which
were considered radiographic failures did not present
any clinical symptoms and signs through the one year
follow-up. Due to the small sample in this study, a
difference of one tooth could be significant. Some teeth
showed radiographic but not clinical failure. However,
if the recall period was continued longer, more cases
might start to show clinical failure.

Willard (1976) reported postoperative calcification
of root canals as a frequently observed radiographic
change (occurring in 24 of 30 teeth in a 3-year period)
following formocresol pulpotomies in primary molars.
He explained that this calcification may result from
odontoblastic activity following treatment, suggesting
that the pulp retains some degree of vitality and func-
tion. Root canal calcification also had been described by
Rolling and Lambjerg-Hansen (1978) as a typical histo-
logic response following formocresol pulpotomy. Fuks
and Bimstein (1981) reported this finding in 20 of 
treated teeth in children. In the present study, the rate of
canal calcification was less than 50%, with no significant
difference in the rate between the FS and FC groups
(0o05 < P < 0ol)o The etiology for canal calcification is still
a matter of speculation.

Despite the promising findings regarding the use of
ferric sulfate, there is a need for further study, for
example, longer follow-up period and greater numbers
of teeth treated with ferric sulfate to determine the long
term effects on primary teeth. Different base materials
should be tested following pulpotomy with ferric sul-
fate to determine the corresponding pulpal reaction.
Additional histologic studies are needed to determine
pulpal response to this material. Studies should deter-
mine the potential effects on underlying permanent
teeth and the nature of any absorption and systemic
distribution of ferric sulfate from pulpal tissues.
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analysis.
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