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SUMMARY
Mortal pulpotomy is the most commonly used

technique in Bulgaria for treatment of pulp chronic infections
in primary teeth. Data from the special literature reveal another
method for pulp treatment in primary teeth – vital pulpotomy
associated with good adaptive healing response. During the
past several years, special attention has been paid to Mineral
Trioxide Aggregate -MTA as probable alternative of
formocresol. According to the current trends in dental
medicine about cessation of arsenic usage and limitation on
formalin – containing medicaments usage, there will be a
revision of commonly used method of mortal amputation,
including application of arsenic, tricresolformalin, resorcine
or resorcine –formalin solutions.

The aims of this study are to aprobate and popularize
the technique of vital pulpotomy in primary teeth with MTA.

The study was carried out with children (the children’s
age was 4 – 8 years) with primary molars approximately
equally affected by a carious process which had reached the
dental pulp and had to be treated.  The total number of
studied primary teeth was 33.

The methodology is “one visit” and was performed
following equal clinical protocol for all teeth. The pulp stump
was covered with an MTA paste- Angelus (Solucoes
Odontologicas, Londrina, Brazil), prepared by mixing MTA
powder with sterile saline using 3:1 powder/saline ratio.
Restoration of the teeth was performed with GIC. All treated
teeth were follow-up clinically and radiographically during 6
months, at 6 and 12 month after vital pulpotomy.

Results: The success rate of all pulpotomized teeth
with MTA was 100 % after 6 months and shows statistically
insignificant decrease to 90, 9% after 12 months (p > 0, 05).
The number of teeth with unsuccessful treatment is 3 or 9, 1
%.

Conclusion: Vital amputation with MTA is a reliable
biological method for pulp treatment of primary teeth and
could be recommended for the clinical practice.

Despite the advance in knowledge about the onset,
nature, progression, prevention opportunities and non-
operative treatment of carious process, the disease and its
complication are still main clinical problem (23). Extensive
dental decay in the primary dentition, that reaches and
progresses to the dental pulp, remains a serious problem in
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pediatric dental practice (2, 28). Currently, there is not
generally accepted methodology for pulp therapy in primary
teeth. The traditional endodontic approach to manage pulp
infection in primary teeth is by surgical amputation of the
coronal pulp – pulpotomy (3, 23, 29).

Mortal pulpotomy is the most commonly used
technique in Bulgaria for treatment of pulp chronic infections
in primary teeth (1, 3, 5). Data from the special literature reveal
another method for pulp treatment in primary teeth – vital
pulpotomy (4, 15, 18, 26, 34, 66, 40). The aim of the vital
pulpotomy is, by removal of the inflamed coronal part of the
pulp and putting a pulp dressing, to preserve the root part
of the pulp which is not inflamed in order to fixate its coronal
parts and keep the vitality of the apical parts (4, 13, 44). There
are several techniques for pulp treatment in primary teeth with
different clinical protocols and medicaments used for the
various clinical situations (3, 4, 18, 26, 34, 40, 63, 66).

Primary teeth treatment with fomocresol pulpotomy is
commonly accepted method in many countries from the past
60 years (3, 4, 11, 22, 23, 27, 28, 48). More insistently, the
current studies present information and guidelines for
limitation on formocresol technique for vital amputation,
because of the evidence gained from animal testing the
mutagenic, carcinogenic, immunogenic and toxicity potential
of formaldehyde (32, 36, 48, 55, 65). The isolated formaldehyde
is the active component of medicaments used in Bulgaria for
pulp treatment.

In order to find an alternative medicament, that
guarantee the radicular pulp preservation in primary teeth
until the time of their physiological exfoliation, as well as to
avoid the side effects from formalin-containing medicaments
and cessation of  arsenic usage (a toxic medicament), various
medicaments acting as wound dressing in primary teeth
pulpotomy are presented. Different agents and methods -
electrosurgery, laser, glutaraldehyde, ferric sulphate, freeze-
dried bone, bone morphogenic protein and osteogenic
protein have been studied (12, 17, 21, 23, 25, 27, 37, 44, 50,
55).

It is generally accepted that less invasive technique
should be use, associated with good adaptive healing
response of the affected primary tooth (4, 15, 27, 40, 44, 63).

Recently, with improvement of medicaments, that are
not only biocompatible, but also bioinductive, the focus has
been directed from preservation and conservation to
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regeneration of the remaining pulp tissue (23, 29, 30, 53, 59).
During the past several years, special attention has

been paid to MTA usage in endodontic treatment of
permanent teeth (9, 20, 52, 54, 56, 67), as well as probable
alternative of formocresol in primary teeth vital pulpotomy
(6, 7, 19, 23, 29, 38, 39, 43, 56).

Mineral trioxide aggregate (MTA) was developed and
introduced in 1993 at the Loma Linda University, California,
USA, as a root-end filling material and was approved by The
US Food and Drug Administration for human teeth treatment
application in 1998 (7, 23, 53, 55, 59). MTA is biocompatible
material and its sealing ability is superior to amalgam or zinc
oxyde eugenol (ZOE) (7, 10, 24, 58, 59, 61). It was found that
MTA has the ability to stimulate the release of cytokines from
bone cells, which demonstrates the active assistance of MTA
in hard tissue formation (7, 29, 31, 35, 60).

The compound of MTA is a mixture of tricalcium
silicate, dicalcium silicate, tricalcium aluminate, calcium sulfate
dehydrate, gypsum and bismuth oxide (14, 29, 49, 55).

The commercial products with MTA are: ProRoot MTA
(Dentsply Tulsa Dental, Tulsa, OK, USA); White ProRoot
MTA (Dentsply Tulsa Dental); MTA-Angelus (Solucoes
Odontologicas, Londrina, Brazil); MTA-Angelus Blanco
(Solucoes Odontologicas); MTA Bio (Solucoes
Odontologicas). In the market there are two forms of MTA -
white and gray.

In Bulgaria complications from dental caries in primary
teeth have high prevalence. According to the current trends
in dental medicine about cessation of arsenic usage and
limitation on formalin - containing medicaments usage, there
will be a revision of commonly used method of mortal
amputation, including application of arsenic, tricresolformalin,
resorcine or resorcine - formalin solutions.

The aims of this study are to aprobate and popularize
the technique of vital pulpotomy in primary teeth with MTA.

To achieve the aims of this study, the following tasks
have been set:

1. To review the dental literature and to present the
newest studies and their results about the success and
disadvantages of vital pulp therapy with MTA in primary
teeth.

2. To perform vital pulpotomy with MTA on primary
teeth with carious complications.

3. To test the clinical results on 6 and 12 months after
MTA pulpotomy.

MATERIAL AND METHOD:
Realization of the first task requires electronic-

screening using key words of the special literature published
after 1993 for studies and articles in relation to characteristics
and clinical applications of MTA in pediatric dental practice.

The study was carried out with children with primary
molars approximately equally affected by a carious process
which had reached the dental pulp and had to be treated. The

total number of studied primary teeth was 33, but this number
did not correspond to the number of examined children,
because some of them had more than one tooth needing pulp
treatment. The children’s age was 4 – 8 years, they were
healthy, without signs of systematic diseases and with
positive attitude toward dental treatment. Treatment plan in
details, possible feeling of discomfort and treatment stages
were explained to the parents and to the children. The parents
gave their informed consent. Diagnostic and treatment
protocols, as well as re-call observations were performed by
two specialists in pediatric dentistry.

Selection criteria for the examined teeth were:
1. Primary teeth with deep carious lesion: no history

of spontaneous or night pain, swelling, presence of fistula
or tooth mobility

2. Primary teeth with vital pulp exposure as a result of
carious process, with hemorrhage at the site of exposure

3. No clinical signs or evidence for total pulp
inflammation (prolonged hemorrhage) or pulp degeneration
(percussion sensitivity).

4. Absence of radiographic evidence for internal or
external root resorption or radiolucency in furcation area.

5. No more than 1/3 physiological root resorption
6. Possibility for further tooth restoration

Fig. 1. ÌÒÀ - Angelus (Solucoes Odontologicas,
Londrina, Brazil)

CLINICAL PROTOCOL
The methodology is “one visit” and was performed

following this clinical protocol. Administration of local
anesthesia for effective pain control. After removal of the
carious tissues, the pulp chamber was accessed with bur
No 330, high speed handpiece and water spray. Following
removal of the coronal pulp with an excavator or round bur,
hemostasis was obtained using cotton pellets soaked in
saline solution. The pulp stump was covered with an MTA
paste- Angelus (Solucoes Odontologicas, Londrina, Brazil),
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prepared by mixing MTA powder with sterile saline using
3:1 powder/saline ratio (fig.1). The manufacturers
recommend mixing 0, 33 g water with 1 g MTA to achieve
optimal material mix. For optimal hardening of MTA
manufacturers recommend placement of wet cotton pellets
in cavum pulpae for a short period before application of
MTA. Restoration of the teeth was performed with GIC.

Treatment approach philosophy
Vital pulpotomy in primary teeth is necessary to

achieve adaptive biological response from the pulp-dentinal
complex of treated tooth, to stabilize the affected tooth and
to create favourable conditions until the time of its natural
exfoliation.

Treatment follow-up
All treated teeth were follow-up clinically and

radiographically during 6 months - at 6-th and 12-th month
after vital pulpotomy.

The clinicians made their independent evaluations of
the treated teeth using definite clinical criteria, and together

Table 1. Pulpotomy in primary teeth – studies of different authors

Clinical application                 Studies                      Evidence
Pulpotomyprimary Prospective studies comparing Studies in teeth with carious pulpal exposures
teeth MTA to formocresol

Clinical success outcomes
Eidelman et al. 200119 Grey: > 90% over 6–30 months
Agamy et al. 20047 Grey: 100% over 1 year.

White: 84.2% over 1 year
Holan et al. 200529 Grey: 97% over 4–72 months
Farsi et al. 200522 Grey: 100% over 2 years
Peng et al. 200646 MTA: 95% at laest 6 months follow-up period
Aeinehchi et al. 20076 Grey: 100% over 6 months
Noorollahian, 200843 White: 100% over 2 years
Subramaniam et al., 2009 57 MTA: 95% over 2years
Prospective longitudinal studies
Maroto et al. 200538 Grey: 100% over 6 months
Maroto et al. 200739 White: 100% over 42 months
Prospective study comparing MTA to Ca (OH)2
Percinoto et al. 200647 Grey: 95 % over 1 year
Prospective study comparing MTA to FC
and Ca (OH)2
Moretti et al. 200841 Grey: 100% over 2 years

they evaluated the radiographic images of the treated teeth
until reaching a consensus.

Clinical criteria for successful pulp therapy are:
1. No pain
2. No percussion sensitivity
3. No swelling and/or fistula
4. No pathologic tooth mobility
Radiographic criteria for successful pulp therapy are:
1. No translucency in furcation area
2. No internal or external root resorption
3. No widening of periodontal space
As unsuccessful was referred treatment with one of

the clinical or radiographic criteria described above. The
data were recorded in patients’ documentation and serve as
a basis for evaluation at re-call visits.

RESULTS
The literary review about studies and results for

success and disadvantages of vital pulp therapy with MTA
in primary teeth is presented in Table 1.

The literary data about clinical evaluation of MTA
demonstrate:

· High success rate (clinically and radiographically)

of MTA as pulp-capping agent in primary teeth pulpotomy.
· MTA could be a substitute for formocrelol as a pulp-

capping agent on primary teeth
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· MTA doesn’t lead to internal root resorption.

The literary data about histology evaluation of MTA
usage demonstrate:

· MTA shows no mutagenic or cytotoxic properties
· MTA is biocompatible and suitable material for

perforation healing, as it induces very slight inflammation,
even if overextended in the perforation area

· In vitro studies of human odontoblasts show that
MTA stimulates synthesis of cytokines and interleukin
products.

· MTA stimulates hard tissue formation – release
calcium in form of calcium hydroxide.

· MTA stimulates formation of “dentinal bridge” and
preserve the vitality of the remaining pulp tissue.

Available evidences suggest that formocresol,
calcium hydroxide and MTA have comparable effectiveness

The success rate of all pulpotomized teeth with MTA
was 100 % after 6 months and  shows statistically
insignificant decrease to 90, 9% after 12 months (p > 0,05).
(Diagr. 1). The number of teeth with unsuccessful treatment
is 3 or 9, 1 %. The authors associate the unsuccessful cases
with compromise made with the clinical protocol, as well as
including teeth with boundary criteria as indication to be
included in the experiment, frequently - prolonged bleeding
from root canal pulp tissues.

Diagram 1. →
Results from clinical and radiographic follow-up.

We represent a successful clinical case of pulpotomy
with MTA (fig. 2.).

in vital pulpotomy of primary teeth.
After 6 months 33 teeth were follow-up -100% of

treated teeth. All of these teeth were assessed clinically and
radiographically as successful – with no fistula, swelling or
inflammation of the surrounding gingival tissue, pathologic
mobility, tenderness in percussion, as well as external and
internal root resorption or widening of periodontal ligament
space (Table 2).

After 12 months clinical and radiographic evaluation
were performed on 30 teeth. The other 3 teeth were assumed
as teeth with unsuccessful treatment and postoperative
healing period, because of: 1 tooth with pain, 2 teeth with
high degree of mobility and presence of inflammation in
gingival tissues (Table 2). One of these teeth was extracted
and the others were treated with resorcin –formalin method.
Clinical and radiographic evaluation for the other 30 teeth
shows successful healing process in pulp tissue (table 3).

Table 2. Results from the clinical evaluation

·  After 6 months · After 12 months
- 33 asymptomatic teeth - 90,9 % success
- all teeth are assessed clinically and - 30 asymptomatic teeth
radiographically as successful - 1 tooth present with pain
- 100 % success - 2 teeth with high degree of mobility and marginal

gingiva inflammation
- 90,9 % success

Table 3. Clinical and radiographic results

Radiographic sign Clinical sign
number of teeth internal root radiolucency  in radiolucency in root canal pain swelling fistula
examined   resoption  furcation zone   periapical zone  obliteration
6 month - 33 - - - - - - -
12 month - 30 - 1 - - 1 1 -
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DISCUSSION
The study represents clinical and radiographic

success rate of pulpotomy with MTA in primary teeth. MTA
is a material with proven therapeutic properties in different
endodontic procedures of primary teeth already (6, 7, 19, 23,
29, 38, 39, 41, 43, 47, 56).

We have chosen a pulpotomy with MTA, because
MTA has not toxic side effects – systematic or local, this
pulpotomy has shorter clinical protocol and excellent
therapeutic effect (according to literary review) (33, 45, 51,
56).

The commercial price of 1 gr. MTA-Angelus (Brazil)
is 99 leva, this amount MTA is enough to perform 15
pulpotomies and this means that the mean price is 6 leva
per tooth.

To achieve an optimal solidity and compressive
strength, some authors suggest waiting for 24 hours before
definitive restoration of the tooth (16, 59, 64). We preferred
for the definitive restoration the conventional GIC, because
it could be placed on partially hardened MTA in one-visit

procedure (according to literary data) and this way allows
undisturbed hardening of MTA below (8, 42, 56, 62).

Data from special literature review about the results
from pulpotomy with MTA in primary teeth, report high
success rate 94-97 % for the observation period 24 -32
months (6, 7, 19, 23, 29, 38, 39, 41, 43, 47, 56).

The results of this study show success rate of 90, 9
% for one year follow-up period.

CONCLUSION
· The current study shows high success rate of pulp

amputation with MTA for the period of observation.
· Definite conclusions could not be done, because of

the small number examined teeth, as well as relatively short
follow -up period.

· Vital amputation with MTA requires close stick to
the clinical protocol.

· Vital amputation with MTA is a reliable biological
method for pulp treatment of primary teeth and could be
recommended for the clinical practice.

Fig. 2. A clinical case of child (B. C.) at: (a.) Preoperative Rö.gr - deep carious lesion on tooth 54; (b.) Postoperative
Rö.gr on tooth 54 after 6 months; (c.) Postoperative Rö.gr on tooth 54 after 12 months;

(a.) 5 years of age (b.) 5,5 years of age (c.) 6 years of age
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