Mineral Trioxide Aggregate Versus Calcium Hydroxide
for Pulpotomy in Primary Molars
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Objective: 7o compare the effects of mineral trioxide aggregate (MTA) and calcium hydroxide
(CH) for pulpotomy in primary molars.

Methods: 4 randomised, bilateral self-controlled clinical trial was designed to compare the
clinical effect of MTA and CH in pulpotomies in primary molars in 4- to 9-year-old children.
Children with two similar-sized cavities on bilateral primary molar counterparts requiring
pulpotomies were included. The two contralateral molars in each patient were randomly
assigned to MTA or CH treatment. Clinical and radiographic examinations were performed
to evaluate the treatment results at post-treatment recall.

Results: Seventeen pairs of self-controlled contralateral teeth were available for follow-up
evaluations. The success rate of MTA was 94.1% (16/17), while the success rate of CH was
64.7% (11/17). Internal root resorption was the most frequent reason for failure in the CH
group. Crown discolouration was common in the MTA-treated group.

Conclusion: MTA was more successful than CH for pulpotomies in primary molar teeth, and
may be a suitable replacement for CH in primary molar pulpotomies.
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Pulpotomy is one of the options for pulp treatment in
primary teeth. It is based on the rationale that after
surgical amputation of the infected coronal pulp, the
radicular pulp tissue is kept in a healthy state, and that a
more natural environment is maintained for the develop-
ment of the underlying successor. Literature has reported
that the eruption time and orientation of permanent teeth
may change when their corresponding primary teeth
have undergone pulpectomy’.

Calcium hydroxide (CH) has been used as a pulp
dressing material in pulpotomy for years. The alkaline
pH induced by CH activates alkaline phosphatase,
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which plays an important role in dentine formation?3.
Calcium hydroxide pulpotomy has been successfully
used in permanent teeth. However, when applied on
primary teeth, the success rates drop because of the
possibility of internal resorption*s.

Mineral trioxide aggregate (MTA), which has excel-
lent physical and chemical properties, has been pro-
posed as a potential medicament for use in pulpotomies.
It is composed mainly of tricalcium silicate, dicalcium
silicate, tricalcium aluminate, calcium sulphate dehy-
drate and bismuth oxide. It is biocompatible®, provides
a better seal than amalgam!® and promotes hard tis-
sue regeneration when placed in contact with dental
pulp!!. In animal studies, a relatively complete dentine
bridge formed under MTA dressing and the underneath
pulp tissue remained in a more normal physiological
state!?"14. However, few clinical studies, especially
long-term studies, have been conducted.

The purpose of this study was to compare the effects
of MTA and CH pulpotomies on primary teeth, with an
observing period of 10 to 56 months.
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Fig 1 MTA (left column) and CH (right column) pulpotomies
were performed on contralateral first primary molars. Both
teeth showed success after 54 months. Radiographs taken:
a) before operation; b) immediately after pulpotomy; c) 11
months after pulpotomy; and d) 54 months after pulpotomy. At
54 months the roots of the primary first molars were resorbed
completely and the successor permanent teeth were erupting.

Materials and methods

This study was conducted at the Department of Pediat-
ric Dentistry, Peking University School and Hospital of
Stomatology. Eighteen children aged 4 to 9 years were
included in the study, with the consent of their parents.
Each child had at least two similar-sized cavities on
bilateral primary molar counterparts requiring pulp-
otomies based on clinical and radiographic examina-
tions. The inclusion criteria were: (1) 4 to 9 years old;
(2) no systemic diseases; (3) no spontaneous pain; (4)
no discomfort at percussion, no pathological mobil-
ity and no swelling or fistula; (5) no periapical or
furcal radiolucency at radiographic examination, no
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pathological root resorption of the primary teeth and
an intact surrounding of the permanent successor; (6)
pulp exposure after complete removal of decay; (7) no
excessive bleeding from the root canal after coronal
pulp amputation.

A randomised, bilateral self-controlled clinical trial
was designed to compare the clinical effect of MTA and
CH pulpotomies in primary molars in these children. The
two contralateral molars in each patient were randomly
assigned to MTA (ProRoot® MTA, Dentsply, York, PA,
USA) or CH (50% calcium hydroxide mixed with 50%
iodoform; with 2 g tetracaine and 0.5 g sodium benzoate
in 100 ml distilled water) treatment. The selected teeth
were treated by a conventional pulpotomy technique
under local anaesthesia. After caries removal and pulp
chamber exposure, the coronal pulp was amputated with
a round bur. Haemorrhage was controlled by placing
sterile, saline-wetted cotton pellets on the radicular pulp
stumps under slight pressure. MTA or CH agent was
conventionally mixed and placed on the pulp stumps.
Vitrebond™ (3M ESPE, St. Paul, MN, USA) GIC
cement was placed over the pulp capping agent and
conventional resin composite restoration was performed.

Children were recalled for clinical and radiographic
examinations at 6-month intervals. The treatment was
judged as successful if the teeth met with the following
criteria: (1) at clinical examination, the teeth showed no
symptoms of pain, no swelling or fistula, no tenderness
to percussion and no pathological mobility, and (2) at
radiographic examination, the teeth showed no periapi-
cal or interradicular radiolucency or pathological root
resorption.

Results

In total, 18 children with 40 primary teeth (20 pairs of
contralateral self-controlled teeth) were included in the
present study. Among them, 15 children (with 17 pairs
of contralateral self-controlled teeth) were available for
follow-up evaluations. The follow-up period was 10 to
56 months, with six children followed up for 43, 46, 50,
54, 54 and 56 months, respectively.

Among the 17 pairs of controlled teeth, 11 pairs were
clinically and radiographically successful for both MTA
and CH pulpotomy during the follow-up appointments
(Fig 1 and Fig 2). One pair showed failure for both
MTA and CH pulpotomy, and five pairs showed success
for the MTA treatment but failure of the CH treatment.
Therefore, the success rate of MTA was 94.1% (16/17),
while the success rate of CH was 64.7% (11/17).

In the CH pulpotomy group, the six failure cases
all showed internal root resorption (Fig 3), which was
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Fig 2 MTA (left column) and CH (right column) pulpotomies
were performed on contralateral first primary molars. Both
teeth showed success after 56 months. Radiographs taken:
a) before operation; b) immediately after pulpotomy; c) 13
months after pulpotomy; and d) 56 months after pulpotomy. At
13 months the successor permanent teeth had developed nor-
mally and the roots of the primary first molars were physiologi-
cally resorbed. At 56 months the successor permanent teeth
were already erupted and were in good alignment clinically.

observed at 5, 6, 9, 11, 17 and 22 months after the
pulpotomy, respectively. For the one failure case of
MTA pulpotomy, periapical radiolucency appeared at 8
months postoperatively.

In the MTA group, crown discolouration occurred
in 11 out of the 17 cases. The crowns turned dark grey

(Fig 4).

Discussion

This study evaluated the clinical and radiographic suc-
cess and failure rates of pulpotomies using CH or MTA
in primary molar teeth. The results showed that MTA
was more successful than CH for pulpotomies in primary
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Fig 3 CH pulpotomy (left column) was performed on the right
mandibular first molar and MTA pulpotomy (right column) on the
left mandibular first molar. The MTA treatment showed success
after 19 months, while the CH treatment failed. Radiographs
taken: a) before operation; b) 5 months after pulpotomy; c) 15
months after pulpotomy; and d) 19 months after pulpotomy. At
5 months the CH-treated tooth showed internal root resorp-
tion while the MTA-treated tooth was normal. The internal root
resorption in the CH-treated tooth enlarged with no periapical
radiolucency, while the MTA-treated tooth remained normal.

Fig 4 Discolouration of MTA-treated tooth.
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molar teeth. Only one MTA-treated tooth failed, while
six of the CH-treated teeth failed. Internal resorption was
a common radiographic finding in the CH-treated teeth
that failed during the observation period.

Studies on gnotobiotic rats have shown that when
traumatically exposed teeth in germ-free animals were
dressed, healing occurred irrespective of the cap-
ping material used!. This implies that under normal
conditions the healing influence of CH is due to its
antibacterial activity, rather than any effect it may
exert on mineralisation. The antibacterial and antifun-
gal properties of CH and MTA have been extensively
evaluated'>24. Nakajo et al®® found that most bacteria
could not tolerate pH higher than 10. Both MTA and
CH have a very high pH value. The pH value of MTA
is 10.2 after mixing and rises to 12.5 at 3 h?°. The bac-
tericidal properties are thought to be directly related to
pH, and are directly proportional to the ability of CH
and MTA to diffuse from the set material. Compared
with amalgam, super-EBA and ZOE, MTA has a supe-
rior bactericidal effect on five out of nine facultative
anaerobes frequently detected in contaminated root
canals without cytotoxicity, which might be related to
its high pH value!8-23,

Clinical success rates ranging from 31% to 100%
have been reported for CH as a pulpotomy dressing*8.
In the present study, 6 out of 17 (35.5%) CH-treated
teeth failed because of internal root resorption. Failure
has been reported frequently in pulpotomy of primary
teeth using CH as pulp-capping medicament, which
mostly manifested as extensive pulp inflammation or
internal root resorption. In Moretti’s 24-month study,
64% of the teeth presented clinical and radiographic
failures detected throughout the follow-up period in the
CH group and internal resorption was a frequent radio-
graphic finding. Meanwhile 100% of the available teeth
in the MTA group were clinically and radiographically
successful at all follow-up appointments?’. The aetiol-
ogy of the internal resorption is thought to be chronic
pulpitis?$-2%. In the present study, although internal
resorption was categorised as a radiographic failure, the
teeth presenting this pathology were not treated imme-
diately, but were left for follow-up observation. This
approach was adopted if the teeth were asymptomatic
and did not show any sign of clinical failure.

Healing of the dental pulp is not exclusively depend-
ent on the supposed stimulatory effect of a particular
type of medicament, but is directly related to the
capacity of both the dressing and definitive restorative
material to provide a biological seal against immediate
and long-term microleakage along the entire restoration
interface®3%31, In this study, resin composite was used
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to restore the teeth, which has good sealing properties,
good wear resistance and is easy to handle, and at the
same time allows the observation of the crown discol-
ouration. Therefore, the restorative material ‘was not
a discriminating factor between the two groups. The
results corroborate the findings of other reports, which
demonstrated the superiority of MTA in comparison
with CH3!32,

In present study, the dentine bridge was not recorded
or considered as a sign of success for pulpotomy because
the concept of dentine bridging is controversial. The
presence of a bridge can be viewed as a healing response
or as a pulp reaction to irritation!!3!, Waterhouse et al®
suggested that reactionary dentine formation is a sign or
consequence of attempted repair processes within the
pulp tissue. Nevertheless, after an initial healing of the
insult by the pulp tissue, the reactive process may fail,
leading to clinical failure. Furthermore, the formation of
a bridge does not mean that the pulp will be sealed com-
pletely from the environment: an animal study observed
that 89% of dentine bridges formed following capping
procedures with CH had tunnel defects, and that 41% of
the dentine bridges were associated with recurring pulp
inflammation3!-33-34,

Despite its many advantages — biocompatibility,
sealing ability and immense potential for regenera-
tion — MTA has some drawbacks, such as a tendency
for discolouration?6-27, In the present study, the crown
discolouration occurred in 11 out of 17 cases in the
MTA group, which affected tooth aesthetics to some
extent. Other than that, the better results for MTA than
CH in this study indicate that MTA shows promise for
use as a pulp capping medicament for pulpotomies in
primary molars.

Conclusion

MTA was more successful than CH for pulpotomies in
primary molar teeth as only one of the MTA-treated
teeth showed radiographic pathology, whereas six of the
CH-treated teeth showed radiographic failure through
internal resorption. Despite its tendency to discolour,
MTA is a suitable replacement for CH in primary molar
pulpotomies.
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