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Abstract

The purpose of this study was to evaluate the relative
amount of root resorption in nonvital primary teeth after
treatment with a 1-appointment formocresol pulpectomy.

Thirty-seven children ranging in age from 2 years, 10
months to 8 years, 10 months received 41 pulpectomies in
nonvital primary molars. At an initial follow-up
examination, 6-36 months posttreatment (mean = 21
months), 80.5% (33/41) of the pulpectomies were rated 
success based on clinical and radiographic criteria. The
age of the patient, the time interval the treated tooth was
in place, and the type of tooth, had no significant effect
on the success of the pulpecto~ny. Teeth with successful
pulpectomies had root resorption similar to their
antimeres. Pulpectomies tended to have root resorption
similar to contralateral pulpotomies.

A second follow-up evaluation 5 years to 6 years, 10
months postoperatively (mean 70 months), involved 29 
the 41 pulpectomies; 86.1% (25/29) were rated a success.
The pulpectomized molars were not overretained and
succedaneous premolars had a low incidence of hypoplasia
(2/17). In almost one-half of the cases, the root canal filler
(zinc-oxide eugenol) was retained in the gingival sulcus
after the pulpectomized tooth exfoliated.

Various authors have expressed the view that

endodontic treatment of nonvital primary teeth is
contraindicated. CohenI stated that primary teeth were
not suitable for proper biomechanical endodontic
procedures. Massler2 felt that only the most dedi-
cated of pediatric dentists should attempt endodontic
procedures on primary teeth. Brauer3 claimed that
endodontic procedures were impractical in children.

Several reports have c/aimed clinical success treat-
ing primary teeth with infected or necrotic pulps uti-
lizing techniques essentially limited to the pulp

chamber.47 These reports have discussed 1- or 2-visit
procedures wherein the infected primary tooth had
a medicament placed in the pulp chamber, but With
no attempt to treat the pulp tissue within the root
canals. Claims of success have been based on the
patient’s being free of pain and having no clinical
signs of apical abscess formation. Little information
was given about radiographic changes nor was men-
tion made as to whether the treated teeth were ov-
erretained or exfoliated early as compared to
contralateral teeth.

A variety of pulpectomy techniques for primary teeth
also have been reported involving mechanical de-
bridement of the pulp chamber and root canals, fol-
lowed by irrigation, drying of canals, and placement
of a resorbable filling material. Rabinowitch pub-
lished an extensively documented study of 1363 root
canals on nonvital primary molars.~ He reported that
an average of 5.5 visits were required for nonperiap-
ically involved teeth and 7.7 visits were required for
teeth with periapical involvement.

Starkey~ utilized 3 appointments to instrument,
medicate, and, if asymptomatic, fill the canals with
"Oxpara" paste as far apically as possible. He has
advocated passing root canal files beyond the apex
of molars~ and other authors have advocated similar
pulpectomy techniques,u13 Starkey also noted that a
primary tooth with a successful pulpectomy usually
will be overretained. ~4

A 1-appointment complete pulpectomy technique
on 35 primary molars has been reported wherein the
canals were filled with zinc oxide and eugenol (ZOE). is

The investigation judged 29 of the 35 teeth successful
from clinical and radiographic interpretations after an
average time of almost 16 months. Unfortunately, no
specific criteria for success were stated.
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Rifkin reported treating 45 abscessed primary mo-
lars and incisors in 2 visits with an iodoform cam-
phorated paste. ~6 Preoperatively, some teeth had
pathologic or physiologic root resorption, while oth-
ers had perforations of the pulpal floor. In a 2-1/2 to
4-1/2 year follow-up report on 38 of these cases he
found no enamel o:: morphologic .defects in succe-
daneous teeth, but 3 cases had 1 mm enamel white
spots. 17 In 20 of the 38 cases the teeth exfoliated nat-
urally, but no comparison of exfoliation time was made
to that of the contralateral tooth.

The purpose of the present study was to examine
the success of a 1-appointment pulpectomy technique
on primary molars and follow the treated molars to
determine if they exfoliated normally or were overre-
tained; to evaluate their root resorption compared to
their contralateral molars; to determine if the ZOE
root canal filler was resorbed; and to tabulate the
prevalence of enamel defects in succedaneous pre-
molars.

Methods and Materials

Forty-one nonvital primary molar teeth in 37 chil-
dren (2 years, 10 months to 8 years, 10 months) were
treated in 1976 and 1977 using a 1-appointment for-
mocresol pulpectomy technique similar to that de-
scribed by O’Riordan and Coll. ~s All teeth were slightly
mobile or had a sinus tract. On entrance into the pulp
chamber, these teeth demonstrated a purulent exu-
date throughout the pulp chamber or evidence of se-
vere pulpal degeneration such as purulent exudate
extending into one or more canals. Radiographically,
approximately 80% of the teeth had evidence of fur-
cation or periapical bone destruction.

Pulpectomies were determined to be contraindi-
cated when:

1. Primary molars were mobile vertically or dis-
played extensive furcation radiolucencies in-
volving more than one-half of the root

2. Internal resorption or other radiographic signs
of pathologic :oot resorption were present in-
volving any more than the apical tip of the root

3. A firm apical stop resistance point could not be
obtained with a size 40 file or smaller

4. The patient had a congenital heart defect or other
severe systemic disease.

The pulpectomy procedure involved filing the
canals short of the apex to a resistance point with
progressive file sizes up to a size 40 or smaller. Prior
experience had shown that excessive root canal filler
will be extruded beyond the apex when no resistance
point is established. After using each size file, sodium
hypochlorite was u~ed for canal irrigation. After the
final irrigation, paper points were used to dry the

canals. Paper points slightly moistened with Buck-
ley’s formocresol then were placed in each canal for
5 rain. A thick mix of ZOE was condensed into the
canals with root canal pluggers as described by Go-
erig and Camp. ~9 Total treatment time was approxi-
mately 30-45 min. All treatments were performed by
the same investigator (JAC).

Various clinical and radiographic criteria were used
to evaluate the success of the pulpectomies. Clini-
cally, a successful pulpectomy showed no mobility
and resolution of a draining sinus tract within a month.
In addition, the history was negative for pain, swell-
ing, or redness of the mucosa. Pulpectomies were
considered a radiographic success if they exhibited
no pathologic bone or root resorption (Fig 1). If there
had been a furcation or apical radiolucency, a suc-
cessful pulpectomy had to show evidence of bone
formation (Fig 2).

The clinical success of each pulpectomy was judged
by one of the investigators (JAC) during routine recall
appointments. Pulpectomies were evaluated radio-
graphically by 2 of the investigators (JAC, JSC) view-
ing the preoperative and postoperative films
independently. There was a 92% interrater agree-
ment. In cases of disagreement, the radiographs were
reevaluated. If disagreement still existed, the lower
of the two ratings was used.

Pulpectomies judged to be radiographic failures
showed pathologic bone or root resorption (Fig 3).
The presence of a small amount of extruded filling
material in a clinically successful tooth, without
pathologic bone or root resorption, was not consid-
ered a failure.

From the first posttreatment examination, an eval-
uation was made to determine if pulpectomized mo-
lar roots resorbed faster, slower, or at the same rate
as contralateral molars without pulpectomies. In 15
children, the contralateral molar had a carious pulp
exposure, but no clinical or radiographic signs of pul-
pal necrosis, and a 1-step, 5-min formocresol pulpo-
tomy was completed.

The pulpectomy root resorption was evaluated in-
dependently by the 2 investigators (JAC, JSC) as hav-
ing equal, more, or less root resorption than its
contralateral molar. In cases of disagreement, the root
resorption was rated the lower of the 2 rankings. Var-
ious factors including the patient’s age and sex, time
interval the treated tooth was in place, and type of
molar treated were tested using a chi square analysis
to determine if they affected the success of pulpec-
tomies. Results were judged significant at p = .05.

The second posttreatment examination, which oc-
curred 5 years or more following the initial therapy,
assessed the exfoliation of the pulpectomized tooth
and the success of the procedure. The same criteria
for pulpectomy success were used. In addition, fac-
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FIG 1. An example of a successful pulpectomy in a mandibular second molar showing no pathologic root resorption: A.
(left) preoperative film, patient age 5 years; B. (center left) 16 months postoperative film; C. (center right) 5 years, 5 months
postoperative film showing exfoliation of pulpectomy; D. (right) 6 years postoperative film of erupted premolar. It had no
signs of hypoplasia and erupted within a few months of the contralateral premolar.

FIG 2. An example of typical bone fill in a successful pulpectomy. The tooth previously had a pulpotomy which had failed.
A. (left) Preoperative film, patient age 5 years; B. (center) Immediate postoperative film; C.(right) 8 months postoperative
film showing bone fill. ____

TABLE 1. Patient Age of at Time of Pulpectomy Procedure

Age
Rating at Initial Exam

Failure
Success

0-4 yr

1
8

4-5 yr

5
15

6-7 yr

2
8

8+ yr

0
2

Total

8
33

Total 20 10 41

Chi square 1.27 at 3 df. not significant.

tors such as the root resorption of the pulpectomy
and its contralateral molar, the incidence of retained

root canal filler, and the incidence of enamel defects
in succedaneous premolars were investigated.

Results

Using the criteria for pulpectomy success, 80.5% of
the pulpectomized molars (33/41) were considered to
be treated successfully at the first posttreatment eval-
uation. On reevaluation 5 years or more postopera-
tively, 86.1% (25/29) were considered successful. The
first posttreatment examination was performed 6-36
months after treatment (mean = 21 months).

TABLE 2. Root Resorption in Pulpectomy vs Contralateral Molar at Initial Posttreatment Examination

State of Contralateral Molar
Status of Root Resorption
in Pulpectomy Initial Exam Extracted

No data available

Pulpectomy resorbing
more than contralateral molar

Pulpectomy resorbing
equally to contralateral molar

Pulpectomy resorbing
less than contralateral molar

Total

6

0

0

0

6

Pulpotomy

0

4

8

3

15

No Pulp
Treatment

1*

11

8

0

20

Total

7

15

16

3

41

Chi square 41.22 at 6 df., significant at .01 level.
* Note that in one case, data were not available due to inadequate radiograph of the contralateral molar.

PEDIATRIC DENTISTRY: June 1985/Vol. 7 No. 2 125



The second posttr~.atment examination was per-
formed 60-82 months after treatment (mean = 70
months), in which 9 ::naxillary and 20 mandibular mo-
lars were reevaluated.

The age at the time of treatment had no significant
effect on the success of therapy at the initial post-
operative examination (Table 1). A chi square analysis
comparing the success of pulpectomies in place 6
months and those in place 24-36 months was not sig-
nificant. A chi square analysis was used to evaluate
if maxillary, mandibular, first, or second primary mo-
lars tended to have :more success than the other mo-
lars when treated with a pulpectomy. No significant
difference was found between the different primary
molar pulpectomy success rates.

At the first postoperative evaluation, 34 of 41 teeth
with pulpectomies and their contralateral molars were
available for comparison; in the 7 remaining patients,
the pulpectomy’s contralateral molar was extracted
or the radiograph was inadequate. A chi square anal-
ysis (Table 2) comparing the root resorption in pul-
pectomized teeth with their contralateral molar was
significant and demonstrated that the pulpectomized
molars tended to have equal or more root resorption
if their contralateral teeth had no pulp treatment.
However, inspection of the results in Table 2 shows
pulpectomies and contralateral pulpotomies have
similar amounts of root resorption.

At the initial posttreatment examination, the 34
pulpectomies also were assessed to see if failed pul-
pectomies showed more resorption than those rated
successful (Table 3). The chi square test was signifi-
cant indicating that pulpectomies rated as failures
tended to have increased root resorption compared
to their contralateral molars, but similar resorption if
rated successes.

The second examination 60 or more months post-
operatively (mean := 70 months), evaluated 29 of the
41 pulpectomies in 26 patients. The remaining pul-
pectomy patients were unavailable. At the second ex-
amination,. 17 of the 29 molar pulpectomies in 16
patients had been replaced by a premolar. Of these
17 teeth, 13 pulpectomies had been rated successes

at the initial examination, and remained successes at
subsequent recall exams until eruption of the pre-
molar; 4 were rated failures. Two of the teeth with
failed pulpectomies were extracted while the other 2
exfoliated within 1 year of treatment.

Of the 17 premolars which erupted, 2 teeth had
small enamel defects, 1 of which required a restora-
tion. There was no statistical difference in the prev-
alence of enamel defects between the failed and
successful pulpectomies.

The frequency of retained ZOE cement also was
investigated. In 8 of the 17 patients, small pieces (ap-
proximately lmm x lmm) of ZOE root canal filler
were discovered radiographically in the gingival sul-
cus at time of premolar eruption (Fig 3). No statisti-
cally significant difference in the rate of ZOE retention
was found when comparing the successful vs failed
pulpectomies.

The 12 of 29 pulpectomies that were reexamined 5
years or more postoperatively but which had not ex-
foliated were rated successful initially, and continued
to be rated successes for the subsequent recall ap-
pointments. These 12 pulpectomies were in 10 pa-
tients.

The teeth also were evaluated to determine if root
resorption and exfoliation occurred earlier or later than
the contralateral teeth (Table 4). Inspection of the re-
sults showed that teeth with pulpectomies and pulp-
otomies had similar types of root resorption, but
pulpectomized teeth tended to resorb faster and ex-
foliate earlier than contralateral teeth that had no pulp
therapy.

Discussion

The results of this study show that a 1-appointment
pulpectomy was successful in more than 80% of the
teeth treated as verified by clinical and radiographic
examinations. Successful pulpectomies were clini-
cally asymptomatic and showed no radiographic signs
of pathologic bone or root resorption at the time of
exfoliation or on follow-up examination 5 years or
more postoperatively. The results suggest that this

TABLE 3. Pulpectomy Rating vs Root Resorption at Initial Posttreatment Examination

Contralateral
Molar Pulpectomy Pulpectomy and Pulpectomy

Pulpectomy Extracted or Resorbing Contralateral Resorbing
Rating Initial Inadequate More Than Molar Resorbing Less Than
Exam Radiograph Contralateral Equally Antimere Total
Failure 0 7 1 0 8
Success 7 8 15 3 3

Total 7 15 16 3 41

Chi square 11.26 at 3 df., significant at .01 level.
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FIG 3. A mandibular first primary molar treated with a pulpectomy that failed: A. (left) Preoperative film - note distal root
resorption, patient age 5 years; B. (center) 8 months postoperative film; C. (right) 10 months postoperative film showing
large radiolucency. Tooth was not painful but had a draining fistula and was extracted.

TABLE 4. Status of Pulpectomy Root Resorption vs the Contralateral Tooth 70 Months Postoperatively*

70 months post-
operative//; pulpectomy
resorbing or exfoliated Extracted

State of Contralateral Molar

Pulpotomy____No Pulp Tx Total

Earlier than
Contralateral
tooth

Same as
Contralateral
tooth

Later than
Contralateral
tooth

Total

3

0

2

5

1

8

1

10

6

7

1

14

10

15

4

29

x2 = 10.15; prob. = .04; df = 4; sig. = .01.
* Mean postoperative time, 70 months.

Fie 4. An example of a case wherein the ZOE root canal filler was retained in the gingival sulcus: A. (left) Preoperative
film, patient age 5 years; B. (center) 8 months postoperative film, pulpectomy judged successful; C. (right) 5 years, 4
months postoperative film immediately after exfoliation. Note two pieces of ZOE. Premolar erupted without hypoplastic
enamel defects.

technique is a viable alternative to extraction and space
maintenance. The finding contradicts arguments pre-
viously noted that pulpectomies were time consum-
ing, difficult to accomplish, or had questionable
success.1"3 If a pulpectomy failed, it usually showed
clinical or radiographic signs of failure in 6 months
or less.

More failures were expected in the older patients,
than in children under the age of 4 or 5 years because
of greater secondary dentin deposition in the older
child's root canals. It was felt the older patient's root
canals would be harder to debride, and possibly would
have less chance of success. However, the success of
the pulpectomies was not significantly lower in the
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older patient than in the younger patient. Also, the
type of tooth treated had no significant effect on the
pulpectomy’s success. Pulpectomies in first primary
molars tended to succeed as well as those in second
primary molars, whether it was a maxillary or man-
dibular tooth.

In evaluating the relative root resorption of pul-
pectomized molar teeth, it was found that the roots
tended to resorb faster when compared to contralat-
eral molars which had no pulp therapy (Tables 2, 4).
In those patients with a pulpectomy and a contralat-
eral molar containin.g a pulpotomy, there tended to
be no difference in the relative root resorption be-
tween the two. Previous investigators have shown
that pulpotomies have increased root resorption. 2° The
increased resorption following the pulpectomy may
be a result of many’ factors, one of which could be
due to the formocresol medicament. The increased
root resorption and, earlier exfoliation of pulpecto-
mies shown in Table 4 contradicts the argument that
successful pulpectomies tend to be overretained.14

Pruhs et al. 21 found a definite relationship between
formocresol pulpotomies in primary teeth and enamel
defects in the succedaneous premolars. Pulpectomies
in the present study did not cause extensive hypo-
plasia to the permanent successors. Of 17 cases where
the premolar had erupted, 2 had small areas of hy-
poplasia and only 1 of these required a restoration.

In almost half the patients that were followed until
premolar eruption (8/17), ZOE was retained in the
gingival sulcus area, This retention did not cause any
apparent clinical problem and was curetted out of the
sulcus in 2 of the 8 cases at the time of tooth exfol-
iation. Since ZOE is considered resorbable, 22 it is not

believed that the retained ZOE will constitute a long-
term problem. Since Erausquin and Muruzabal 23 have
reported bone destruction and encapsulation of ex-
truded ZOE in rat molars with a resulting resistance
to resorption, further long-term investigation is needed
regarding ZOE resorption.

Conclusions

More than 80% of the molar pulpectomies in the
present study were successful. The age of the patient

at the time of treatment, the time interval the treated
tooth was in place, and whether the tooth was a first
or second molar in either jaw had no significant effect
on the success rate of the pulpectomy.

It was found that successful molar pulpectomies
tended to resorb at rates similar to the contralateral
molars. Failed pulpectomies tended to have a faster
rate of root resorption than contralateral molars. Suc-
cessful pulpectomies and contralateral pulpotomies
tended to resorb at equal rates. The pulpectomies that
were followed until exfoliation were not overretained

and showed a low frequency of hypocalcified defects
in the succedaneous premolar. In almost one-half the
cases, ZOE root canal filler was retained in the gin-
giva once the bicuspid erupted.

In light of today’s concerns about the use of for-
mocresol, more studies should be performed com-
paring the success rates of various pulpotomy and
pulpectomy procedures on nonvital primary teeth to
determine the best method of treatment. Further re-
search is needed to determine the best medicament
to fill primary tooth root canals, and the effect, if any,
that retained ZOE has on the patient’s gingiva and
alveolar bone. The success of pulpectomies found in
the present study justifies th6 continued use of a 1-
appointment pulpectomy procedure for the treat-
ment of nonvital primary molars.
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Quotable quote: man in need of help

l.iving systems have a remarkable capacity to rearrange themselves in the face of any disturbance which threatens
their continued existence, but if the destructive forces are severe and unremitting, they begin to deteriorate irrevers-
ibly; the various acts of adjustment interfere with one another, and the system becomes incoherent and self-destructive.

The ability to recognize and anticipate this point of no return sets man apart from other animals. A sick creature
can lie low, lick its wounds and take the weight off an injured paw, but since it is not fully self-conscious, it is unable
to appreciate its status as a threatened individual. Man, on the other hand, is endowed with the capacity to reclassify
himself as something in need of help. Knowing that something has gone wrong, he seeks a remedy, either by using
recipes which are the common property of the society in which he lives, or by consulting someone who is credited
with special mastery of the healing art. Several factors determine how this credit is established. Tradition and prece-
dent are the most obvious, though not necessarily the most important. If a healer already is known to have a large
clientele, that in itself may be enough to attract new customers, and since many illnesses get better of their own accord,
and the uninformed client is incapable of distinguishing between spontaneous remissions and deliberate cures, even
,~ quack will be able to advertise a list Cq satisfied sufferers.

Miller. I. The Body in Question. New York; Vintage Books. 1978,
p 56.
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