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Preserving the vitality of traumatically injured 
and mechanically exposed immature teeth is one 
of the major treatment aims in endodontics. Par-
tial pulpotomy (Cvek pulpotomy) and deep (cervi-
cal) pulpotomy techniques are the choices of treat-

ment for immature permanent teeth with exposed 
pulps.1,2 These techniques can maintain pulp vital-
ity and provide continuation of tooth root develop-
ment in association with the formation of a hard 
tissue bridge across the exposed pulp surface.3 

Calcium hydroxide (CH) materials have long 
been used as the agents of choice for treating ex-
posed pulp, due to the short-term antimicrobial 
effect and the stimulation of hard-tissue bridge 
formation.4 Coagulation necrosis produced by re-
leasing hydroxyl ions from CH materials has been 
believed to induce bridge formation at the exposed 
area.4,5 Higher calcium levels and alkalinity pro-
vided by CH were also shown to lead to increased 
bone morphogenetic protein-2 expression and 
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solubilization of bioactive molecule tissue growth 
factor-β1 from dentin tissue.6,7 TGF-β1 and BMP-2 
may play roles in dentin bridge formation.8 More-
over, calcium ions in association with necrotic cell 
debris may contribute to the formation of dystro-
phic calcification, to which fibronectin can bind and 
thereby initiate differentiation of odontoblast-like 
cells.9 

Mineral trioxide aggregate (MTA) has been 
used as an alternative agent to CH materials in 
direct pulp capping and pulpotomy treatments. 
CH is one of the major hydration products during 
setting reactions of MTA, and CH is soluble from 
MTA in decreasing rates over time.10 Calcium and 
OH ion release from MTA may be essential for 
pulp tissue healing with bridge formation, which 
is similar to CH materials.8 MTA generally showed 
better sealing ability as a root-end filling material 
than conventional zinc-oxide eugenol cements, 
and it induced the formation of more and thicker 
dentin bridges than CH.11-14 Clinical reports also 
demonstrated very successful results such as the 
maintenance of pulp vitality over longer periods of 
time and the continuation of root formation with 
MTA as a pulpotomy agent.15-17 In recent years, 
the use of MTA has been popular in pulpotomy of 
permanent teeth showing symptoms of reversible 
and irreversible pulpitis and in complicated crown 
fractures of immature teeth and mature teeth.18,19 
Contrarily, the high solubility, high price and dis-
coloring effect of both gray and white forms are 
among the disadvantages of MTA, when used as a 
pulpotomy agent.15,20 

The present case report demonstrates long-
term clinical performance of MTA pulpotomies in 
six immature permanent teeth. 

cAsE rEPort
Diagnosis and treatment procedures
Four patients with complicated crown fractures 

of 5 maxillary immature central incisor teeth were 

referred to the Department of Endodontics, Istan-
bul University, between 2005 and 2006. The pa-
tients were between 8 and 10 years old. All 5 teeth 
were treated with deep pulpotomy using gray MTA 
(ProRoot MTA; Dentsply Tulsa Dental, Tulsa, OK, 
USA). Another immature mandibular first molar 
that was sensitive to cold stimulation and exposed 
mechanically during cavity preparation was also 
included in this report. Medical history was non-
contributory for all patients.  

Vital pulp tissue appeared at the exposure sites 
in all cases. All teeth responded positively to the 
electrical pulp testing. Treatment time after the 
injuries was between days 1 and 22. Table 1 sum-
marizes individual patient data.  

After completion of dental history records, all 
teeth were locally anesthetized and a rubber dam 
was positioned. Exposed pulp tissue was removed 
to the pulp canal orifice with a sterile diamond 
round bur in high-speed handpiece with copious 
saline irrigation. Hemorrhage was controlled first 
with 2 mL of saline irrigation and then by putting 
cotton pellets soaked with 5% NaOCl on pulp tis-
sue for 1-minute. MTA was first placed with a spat-
ula-shaped hand instrument and then wet cotton 
pellets were used to adapt it onto the exposed pulp 
area. Hemorrhage restarted during first place-
ment of MTA in all cases. Wet cotton pellets were 
put on MTA; the dentist waited for at least 1-min-
ute to stop hemorrhage and then another piece of 
new mixed MTA was inserted into the cavity. At lay-
er of MTA at least 3 mm thick was placed over the 
exposed pulp tissue. The cavity was sealed with a 
wet cotton pellet and zinc-oxide eugenol cement 
(Kalzinol, De Trey, Dentsply, Konstanz, Germany). 
Three days later, the temporary fillings were re-
moved and restored with a composite filling (Su-
preme, 3M ESPE, Dental Products, MN, USA).

Clinical observations at follow-up
One patient came to our clinic at the year 2006 

Case No Patient No. and Gender Age. Tooth No. Days after injury Pulpotomy Outcome

1 1-Girl 9 19 Mechanical exp. Successful

2 2-Boy 8 8 22 Successful

3 3-Boy 10 9 1 Unsuccessful

4 4-Boy 10 8 14 Successful

5* 5-Boy 8 8 4 Unsuccessful

6* 5-Boy 8 9 4 Successful

Table 1. Cases and individual data.

*Same patient
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(10 months after pulpotomy) with signs of acute 
apical periodontitis, and root canal treatment was 
performed (Tab. 1). There was severe discoloration 
in the crown. The remaining 5 patients were re-
called at the years 2010 and 2011. Vitality tests and 
clinical diagnostic tests were applied, and periapi-
cal radiographs were also taken at the follow-ups. 
A periapical lesion around the right central incisor 
of patient #5 (the patient with 2 fractured incisors, 
Figures. 1, 2) was diagnosed at the 2010 follow-
up radiographs. Root formation of this tooth was 
incomplete (Case 5, Table 1). No dentin bridge 
formation could be detected at the radiographs 
(Figure 2). The tooth exhibited no clinical signs of 
periapical inflammation. There was severe discol-
oration in the crowns of both incisors (Figure 3). 
An apexification procedure was followed using CH 
for 9 months by renewing it at 1 week, 1 month, 3 
months and then every 3 months. At the 9-month 
visit, the tooth was filled with laterally condensed 
gutta-percha and a sealer (AH Plus; Dentsply De-
Trey, Konstanz, Germany). The radiographic heal-
ing was assessed as uncertain at the 2012 follow-
up (Figure 4). The tooth was showing no clinical 
signs or symptoms. All composite restorations on 
maxillary incisors of this patient were renewed at 
the 2012 follow-up (Figure 5).

The remaining 4 teeth (including exposed mo-
lar and left central incisor of patient #5) were 
assessed as vital cases at the 2010 and 2011 fol-

low-ups (mean time of follow-up was 55 months 
at 2011). There was no pulpal or periapical pain 
reported by the patients. Teeth did not respond 
consistently to pulp tests. No signs of periapi-
cal inflammatory changes were present clinically 
or radiographically in any of these cases. There 
were radiographic signs of apical root comple-
tion in these cases. Dentin bridge formations were 
detected clearly adjacent to MTA in 3 fractured 
maxillary incisors radiographically (Figures 6-8). 
There were no radiographic signs of pulp tissue 
obliteration and internal resorption in all 4 cases. 
Clinically, severe discoloration on crown segments 
was observed in all teeth. All composite restora-
tions showed insufficient marginal adaptation and 
color changes on marginal enamel walls at the 
follow-ups.  

dIscussIon
Four immature teeth (including the molar case) 

treated with MTA were healthy after a mean time 
recall 55 months at the year 2011. In the control 
radiographs of these 4 cases, there was complete 
formation of root apices and visible dentin bridge 
formation in three incisor cases. These success-
ful cases may indicate that MTA could induce pulp 
healing with dentin bridge formation and maintain 
root development. 

There are several MTA pulpotomy case re-
ports involving immature root formation in the lit-

Figure 1. Preoperative radiograph of Case 5 (right central 

incisor) and Case 6 (left central incisor).

Figure 2. 2010 follow-up radiograph of Case 5 and 

Case 6. Note presence of periapical lesion develop-

ment around incomplete root formation and absence of 

dentin bridge formation beneath MTA of Case 5. Also, 

note complete root formation and evident dentin bridge 

formation beneath MTA (arrow) in Case 6.

Figure 3. 2012 Control radiograph of Case 5 after 

apexification and root canal treatment. Note the un-

certain healing around Case 5.
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erature.15-18 Karabucak et al15 observed that MTA 
pulpotomy was successful in two immature cen-
tral incisors after 12 and 18 months of a clinical 
trial. El Meligy and Avery16 compared CH and MTA 
pulpotomies in 30 immature permanent teeth for 
one year. They found that all 15 MTA cases were 
successful, while 2 CH cases displayed periapical 
inflammation. Whitherspoon et al17 reported that 5 
of 6 immature central maxillary incisors that were 
treated with MTA pulpotomy due to complicated 
crown fractures were diagnosed as healed after 
13 to 15 months. Barrieshi-Nusair and Qudeimat18 
reported that all 7 immature permanent cases 
treated with MTA pulpotomy were successful after 
2 years. According to these clinical reports, MTA 
pulpotomy has a superior success rate in develop-
ing teeth with open apices.  

In the present case report, 2 MTA pulpotomy 
cases were unsuccessful. The primary cause of 
pulp inflammation after vital pulp treatment is 

known as bacterial infection.21 Early contamina-
tion associated with treatment delay and later 
contamination with microleakage are the ways 
for bacteria to cause inflammation and necrosis 
in complicated crown fractures. There is no time 
limit for the pulpotomy of fractured immature 
cases when healthy pulp is clinically present.22 
For unsuccessful Cases 3 and 6, the level of pulp-
otomy may not have been deep enough to reach 
healthy tissue for recovery. Materials used during 
pulpotomy, such as NaOCl and MTA, may have put 
additional pressure on pulp tissue in these cases. 
Pulpal hemorrhage may cause increased solubil-
ity in MTA before setting. The distribution of MTA 
particles during hemorrhage may also exceed the 
clean-up capacity of pulp tissue. 

In all six cases, gray MTA caused severe dis-
coloration in the tooth crowns. Such a complica-
tion following pulpotomy specifically in the ante-
rior teeth should be accounted as a clinical failure 

Figure 4. 2012 Control radiograph of Case 5 after apexification and root canal treat-

ment. Note the uncertain periapical healing around Case 5.

Figure 6. Preoperative radiograph of Case 2 (right central incisor). Note that the left 

central incisor had also crown fracture

Figure 7. 2011 follow-up radiograph of Case 2. Note complete root formation and 

evident dentin bridge formation beneath MTA (arrow).

Figure 5. Intraoral photograph after renewal of composite restorations of Cases 5 

and 6 at 2012.
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of treatment. Discoloration effect of gray MTA as 
a pulpotomy agent in the crowns was shown and 
white MTA was developed because of this clinical 
complication. However, significant tooth discol-
oration was also reported after the use of white 
MTA.23 Belobrov and Parashos23 observed that 
most of the discoloration was inside white MTA 
and did not penetrate into dentin. They questioned 
and did not encourage the use of white MTA for 
vital therapy in the esthetic zone. Lenherr et al24 
asserted that the infiltration of blood components 
into the porosities within MTA may be the prime 
cause of discoloration. The other possible rea-
sons for tooth discoloration may be bismuth oxide, 
magnesium oxide and ferric oxide ingredients in 
MTA powder.25,26

Composite fillings also showed poor marginal 
adaptation, which may indicate the presence of 
coronal leakage around the fillings during service. 
Restorations should be replaced when a possible 
microleakage is diagnosed clinically, in order to 
maintain the vitality of pulpotomized cases.

concLusIon
MTA may be used as an alternative pulpotomy 

agent in immature teeth with pulp exposure to 
stimulate pulp healing with dentin bridge forma-
tion and complete root formation. But, discolor-
ation following MTA pulpotomy appears as a major 
clinical complication.  
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