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Abstract
Background: Carious primary molars, symptomless, or with reversible pulpitis are most frequently treated
with pulpotomy to maintain arch integrity, otherwise they would be extracted. The present study was
conducted to assess clinically and radiographically the success rate of three capping materials:
Nanohydroxyapatite (NHA), Mineral Trioxide Aggregate (MTA) and Formocresol (FC) in pulpotomy of
primary molars.

Methods: A clinical trial was carried out on healthy, four to eight years old children, with 72 second
primary molars indicated for pulpotomy. Molars were divided into 3 equal groups (24 teeth each)
designated to NHA (group 1), MTA (group 2) and FC (group 3) as pulp medicaments. Treated teeth were
�nally restored with stainless steel crowns. Subjects were monitored clinically and radiographically at
three, six- and twelve-months time intervals. The difference in success rate between groups at the same
time point was evaluated using Chi square test. Signi�cant level was set at p <0.05. Statistical analysis
was performed using a commercially available software program SPSS version 21.

Results: The highest overall success was recorded in MTA group (90.5%), followed by FC group (76.2%).
The least overall success was found in NHA group (72.2%). Statistical analysis of data revealed that the
difference between the three groups was not statistically signi�cant.

Conclusions: MTA is still the material of choice for pulpotomy in primary molars. Further studies are
recommended to evaluate the use of NHA as a potential alternative to MTA.

Trial registration: This trial was registered on Clincal.Trial.gov (https://clinicaltrials.gov.), on February 8,
2019 (Retrospectively registered). The protocol ID is 181053. The Identi�er is NCT03833557.

Background
Pulpotomy is a procedure that is most frequently used in treatment of primary teeth. It involves complete
removal of coronal pulp tissue in primary teeth with extensive caries adjacent to the pulp leaving the
radicular pulp vital 1.

The radicular pulp tissue is then, covered with a capping material such as, Formocresol (FC), that �xes
and mummi�es the radicular pulp to become non vital and nonfunctional (Devitalization), Ferric Sulfate,
(Preservation) where it causes minimal reversible changes in the ori�ce pulp tissue while preserving the
vitality and normal histologic appearance of the entire radicular pulp, Mineral trioxide aggregate (MTA)
and Nanohydroxyapatite (NHA), that induce Dentin Bridge formation (Regeneration).2−4

In the past years, FC was the most commonly used pulp medicament for primary teeth as it is
bactericidal, easy to use and has �xative properties.3−5 However, alternative techniques and new
biocompatible and bio-inductive pulp capping agents have been developed to overcome the toxicity,



Page 3/18

mutagenicity, and potential carcinogenicity of FC in humans4; shifting the procedure from preservation to
regeneration.3

Mineral trioxide aggregate is a �ne hydrophilic powder formed of tricalcium silicate, tricalicum aluminate,
tricalcium oxide, silicate oxide and bismuth oxide.6 It is a biocompatible material promoting hard tissue
formation, without any cytotoxic effect.6,7

It is currently used in pulpotomy of primary molars, pulp capping, apexi�cation, sealing of root
perforations with a high rate of success; however, MTA has long setting time, poor handling properties
and unfavorable rate of resorption.5,8

Hydroxyapatite is a remineralizing material that is used in restorations, regeneration and reconstruction
of bony defects as it is biocompatible, resemble mineral tissues, antibacterial and has low solubility.8

The nanotechnology has improved the properties of HA giving rise to a material that gained great
attention due to its higher mechanical properties, higher biocompatibility and greater contact area. This
material is the NHA.9

Therefore, prospective clinical studies are necessary to qualify NHA versus MTA as alternative materials
to FC in pulpotomy of primary teeth. The purpose of this clinical trial was to assess clinically and
radiographically the success rate of NHA and MTA used as pulpotomy agents in primary molars and
compare them to that of FC.

Methods
Ethics approval:

Ethical approval for the research protocol was obtained from the Research Ethics Committee, Faculty of
Dentistry, Cairo University with the reference code (18 10 53).

Study design:

The present study was a parallel, randomized clinical trial (RCT) with 1:1:1 allocation ratio; conducted in
Pediatric Dentistry and Dental Public Health Department, Faculty of Dentistry, Cairo University. In this
study, patients, their guardians and statistician were blinded.

Sample size:

According to Godhi et al 3 and Olatosi et al 10, a sample size of 72 second primary molars (including drop-
outs) was determined using G*power Program (University of Düsseldorf, Düsseldorf, Germany).

Subjects:
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The study population included four to eight years old, apparently healthy and cooperative patients who
presented at the Pediatric Dental Clinic, Faculty of Dentistry, Cairo University and had deep carious
mandibular second primary molars indicated for pulpotomy. Written consent was obtained from the
parent/guardian after a comprehensive explanation of the study protocol. Personal, medical, dental
history and clinical evaluation were obtained from all patients participating in this study.

The criteria for inclusion in this study were:

Pulp exposure due to caries removal or after a traumatic pulp exposure.11

No history of spontaneous pain, tenderness to percussion, tooth mobility.

No clinical evidence of pulpal in�ammation or degeneration, such as history of swelling or presence
of sinus tract.

Restorable teeth.

Absence of radiographic evidence of internal or external root resorption, pulpal calci�cation, or
osseous disease (periapical or furcation infection).

On the other hand, teeth were excluded if:

Evidence of necrosis after access cavity preparation.

Hemostasis could not be achieved within three min after direct contact with a wet cotton pellet, after
removal of coronal pulp tissue.

Randomization & allocation concealment:

Simple randomization was done, to allocate the molars, using computer sequence generation
(www.random.org) by the second investigator with 1:1:1 allocation ratio into three groups (n=24) based
on the pulp capping materials. Group 1:  NHA (Straumann Bone Ceramic, Switzerland), Group 2: MTA
(Angelus- Londrina, Brazil), and Group 3: FC (Formacresol, Prevest DenPro Limited, India) as pulp
medicaments. Allocation concealment was done using opaque envelopes.

Sequence generation:

Sequence generation was done for the molars number (1 to 72) using computer sequence generation
(www.random.org). The sequence generator icon was selected from the home page, the sample size was
speci�ed, and the format in two columns was ordered. The result was then copied to group 1, group 2 and
group 3, with randomized molars’ numbers (24 numbers in each group).

Allocation Concealment Mechanism:

Each of the 72 papers numbered from 1 to 72, was individually packed by the second investigator in an
opaque envelope after folding each paper eight folds. Each patient was asked to pick an envelope, after

http://www.random.org/
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their enrollment in the study and before the beginning of treatment. Numbers in the envelopes determined
the group assigned for each molar.

The study was registered with clinicaltrials.gov under the title: Success Rate of Three Capping Materials:
A randomized Clinical Trial, with an identi�er: NCT03833557.

 Procedures:

Preoperative periapical radiograph using periapical �lm size two (Speed D Film, Kodak, US) was taken for
the molars considered for treatment; for proper radiographic diagnosis.

The �rst investigator performed the pulpotomy procedure. Under local anesthesia and rubber dam
isolation, caries was removed and deroo�ng of the pulp chamber was performed using a #330 high-
speed carbide bur mounted in a water-cooled high-speed turbine. The coronal pulp tissue was amputated
using a sterile sharp spoon excavator. The pulp chamber was irrigated with normal saline. Pulp
hemostasis was achieved using a sterile wet cotton pellet applied for two to three minutes.

In Group 1: NHA was used according to the manufacturer’s instructions; it was mixed with saline and was
placed over the pulp stumps using amalgam carrier and condenser.

In Group 2: MTA powder was mixed with sterile water in a 3:1 powder/water ratio, according to the
manufacturer’s instructions to obtain a thick creamy paste, placed using a messing gun and compacted
against the pulp ori�ces with a condenser over a moist cotton pellet.

In Group 3: After blood clot formation, a sterile cotton pellet moistened with FC (squeezed twice) was
placed over the radicular pulp for 5 minutes and then removed. A thick mix of Zinc Oxide Eugenol (ZOE)
paste was placed over the FC �xed tissue using a cement spatula and condensed as previously
mentioned.

All molars were �nally restored with stainless steel crowns (3M, ESPE, Unitek, US) cemented with GI
cement. An immediate postoperative radiograph using periapical �lm size two was taken. Oral hygiene
measures were given to the patients.

Clinical & radiographic evaluation:

All treated patients were followed up by the other investigator at three, six and twelve months after the
pulpotomy for clinical and radiographic evaluation. Blinding was not feasible as NHA appears
radiolucent in the radiographs.

Molars were judged as clinically successful if they met the following criteria: Absence of sensitivity, pain,
tenderness to percussion, abscess, �stula or tooth mobility. Radiographic failure was de�ned according
to radiographic failure score 12 , Table (1) .

Statistical analysis:
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For the three groups, clinical and radiographic �ndings at three, six and twelve months postoperatively
were assessed. The difference in success rate between groups at the same time point was evaluated
using Chi square test. Signi�cant level was set at p <0.05. Statistical analysis was performed using a
commercially available software program SPSS version 21 (Chicago, IL, USA).

Results
A Consort diagram showing the study protocol up to the 12 months follow-up is presented in Fig. (1).
Throughout all the follow up time points, MTA was the most successful material (90.5%) followed by FC
group (76.2%). The least overall success was found in NHA group (72.2%). Clinical and radiographic
�ndings, as well as, radiographic Failure score in the three groups, throughout the whole study period are
illustrated in Table (2–5), Fig. (2–4).

Discussion
The present clinical trial is a prospective clinical study for vital pulpotomy in primary molars using NHA,
MTA and FC. Nanohydroxyapatite was used in the present study, as it is a relatively new bioactive and
biocompatible promising material with osteoconductive and dentinogenic properties that make it a
potential pulpotomy agent. It has high mechanical strength, great contact area and highly similar to the
mineral tissues.8 It has many clinical applications in restoration and regeneration of bony defects but few
limited studies have evaluated its e�ciency as vital pulp capping agent.13

Mineral Trioxide Aggregate is a highly successful biocompatible regenerative pulp dressing material that
has successfully replaced FC as a pulpotomy medicament for primary teeth.14,15 Unfortunately, its long
setting time, poor handling properties and its slow rate of resorption are main disadvantages that cause
its poor clinical acceptance.4,16,17 These drawbacks are considered as advantages offered by NHA.

Formocresol was considered, in the near past, as the gold standard dressing agent for pulpotomy of
primary teeth due to its long-term clinical use and success. Also, it is a cheap material compared to other
materials. However, its toxicity, mutagenicity and devitalizing effect on the remaining radicular pulp tissue
are of great concern. 18

Children aging between four to eight years old were selected to enroll in the present trial to ensure their
cooperation and to avoid physiologic root resorption in elder ones.4,19.

This study was a RCT; which is considered the gold standard for a clinical trial with the highest level of
evidence. Selection bias was minimized by randomization. The three groups were similar, as much as,
possible in all factors except for the treatment to which each group was exposed.20

Only mandibular molars were included in the present study, because they show more accurate
radiographic interpretation than maxillary ones, due to minimal overlapping of permanent tooth buds
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over the roots of primary molars, and also, they offer better visualization.4,21

Pulpotomy procedures were performed by the same operator for better standardization. All pulpotomized
teeth were �nally restored with stainless steel crowns as they represent the most effective long-term
restoration that strengthen the pulpotomized teeth and protect them from fracture and also ensure
optimum coronal seal to promote pulp healing.1, 22−24

An immediate postoperative radiograph was obtained to document treatment quality and serve as
baseline record. Radiographic examination was performed using periapical radiographs that show clearly
both of the periradicular and inter-radicular areas. It is the best method to detect root resorption,
periapical tissue status, periodontal status, osseous defects and any changes in the surrounding
structures.4,25

Furcation radiolucency in follow up radiographs was recorded by radiographic score,12 that gives a
number denoting the quantity of bone loss to facilitate the comparison between groups.

The results of the present trial, through the whole study period, showed an overall success rate both
clinically and radiographically for the three materials, with the highest success in MTA group (90.5%)
followed by FC group (76.2%) and the least success rate was found in NHA group (72.2%).

The current results are in accordance with those of Ghoniem et al,26 comparing the outcomes of grey
MTA and diluted FC in primary molars pulpotomies over 48 months. They reported radiographic success
rate of 95% for MTA and 80% for diluted FC.

Also, a systematic review was carried out to assess the effect of different techniques and medicaments
of pulp treatment in primary teeth with extensive decay and evidence proved that MTA is the most
e�cient pulp medicament after pulpotomy in primary teeth.27

Another randomized controlled trial was conducted by Jamali et al,28 to compare the e�cacy of
3Mixtatin (a combination of simvastatin and 3Mix antibiotic) with MTA and FC for the pulpotomy of
primary molars for 24 months. The overall success rate was 88.1% for MTA, 78.9% for FC and 90.5% for 3
Mixtatin group.

The �ndings of the current study also coincide with those found by Olatosi et al,10 who compared the
e�cacy of white MTA and FC as pulpotomy materials on primary molars over a period of 12 months, and
reported high success rates both clinically and radiographically (100% and 96% respectively in the MTA
group and 81% in FC group), with no statistically signi�cant difference between the two agents.

Additionally, the results of the present study are con�rmed by Godhi et al,3 when they compared the
clinical and radiographic e�cacy of MTA and FC as pulpotomy medicaments in the treatment of carious
primary molars over a period of 12 months. Both groups showed 100% clinical success throughout the
whole study period, while the radiographic success rates of FC and MTA were 88% and 96%, respectively.
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Furthermore, the results of the current study were con�rmed by a systemic review and meta-analysis
evaluating the outcomes of different pulp therapy techniques in primary teeth and the highest level of
success and quality of evidence was for the pulpotomy using MTA and FC for the treatment of deep
caries in primary teeth after 24-months follow up period.29

On the other hand, the clinical success rate of NHA in the present study disagrees and is lower than what
was previously reported by Adlakha et al,30 who evaluated the success and e�cacy of HA crystals and
Glutaraldehyde as pulpotomy agents both clinically and radiographically. In the HA treated molars (n = 
15), all treated teeth in the 6 months follow-up period were clinically successful. However, the
radiographic �ndings showed a success of 80.33%. The authors attributed the high success rates to
proper case selection, precise technique procedures and also to the high biocompatibility, alkalinity,
regenerative power, and excellent sealing ability of the new regenerative materials31 and added that these
results could be explained on histologic basis by Haghgoo et al,8 who found that NHA may act as
chemical cell absorbent that facilitates the invasion of osteoblasts, however, Adlakha et al,30 used two
different types of NHA crystals with smaller crystal length and diameter by 7 nm and lesser degree of
crystallization by 20% than that used in the current study; which may have greater penetration, better
contact with pulp tissue and better sealing ability.

Conclusion
Based on this study results, we may conclude that MTA is still the material of choice for pulpotomy in
primary molars. Further studies are highly required to evaluate the use of NHA as a potential alternative to
MTA.

Abbreviations
FC
Formocresol
GI
Glass Ionomer
HA
Hydroxyapatite
MTA
Mineral Trioxide Aggregate
NHA
Nanohydroxyapatite
RCT
randomized controlled trial
ZOE
Zinc Oxide Eugenol
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Time    NHA MTA FC X2 p*, Chi-square test

No Yes F No Yes F No Yes F

3 months Pain 17(94.4) 1(5.6) 0 21 (100) 0 0 21 (100) 0 0 2.37 0.66

NS

Mobility 18(100) 0 0 21 (100) 0 0 21 (100) 0 0 0 1

NS

Swelling 18(100) 0 0 21 (100) 0 0 21 (100) 0 0 0 1 

NS

Sinus/fistula 18(100) 0 0 21 (100) 0 0 21 (100) 0 0 0 1

NS

6 months Pain 16 (88.8) 1(5.6) 1(5.6) 21 (100) 0 0 21 (100) 0 0 4.83 0.31

NS

Mobility 17(94.4) 0 1(5.6) 21 (100) 0 0 21 (100) 0 0 2.37 0.67

NS

Swelling 17(94.4) 0 1(5.6) 21 (100) 0 0 21 (100) 0 0 2.37 0.67

NS

Sinus/fistula 17(94.4) 0 1(5.6) 21 (100) 0 0 21 (100) 0 0 2.37 0.67

NS

12 months Pain 13 (72.2) 0 5

(27.8)

21 (100) 0 0 21 (100) 0 0 12.7 0.013*

 

Mobility 13 (72.2) 0 5

(27.8)

21 (100) 0 0 21 (100) 0 0 12.7 0.013*

 

Swelling 13 (72.2) 0 5

(27.8)

21 (100) 0 0 21 (100) 0 0 12.7 0.013*

 

Sinus/fistula 13 (72.2) 0 5

(27.8)

21 (100) 0 0 21 (100) 0 0 12.7 0.013*

 

Table 3:

Radiographic success rate for the three groups during different follow up periods
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Time    NHA  MTA FC X2 p*, Chi-square test

No Yes F No Yes F No Yes F

3 months Internal resorption 18 (100) 0 0 21 (100) 0 0 21 (100) 0 0 0 1 NS

External resorption  18 (100) 0 0 21 (100) 0 0 21 (100) 0 0 0 1 NS

Periapical RL 18 (100) 0 0 21 (100) 0 0 21 (100) 0 0 0 1 NS

6 months Internal resorption 17(94.4) 0 1(5.6) 21 (100) 0 0 21 (100) 0 0 2.37 0.67 NS

External resorption  15 (83.3) 2

(11.1)

1

(5.6)

21 (100) 0 0 21 (100) 0 0 7.37 0.12 NS

Periapical RL 17(94.4) 0 1(5.6) 21 (100) 0 0 21 (100) 0 0 2.37 0.67 NS

12 months Internal resorption 13 (72.2) 0 5

(27.8)

21 (100) 0 0 21 (100) 0 0 12.7 0.012*

External resorption  13

(72.2)

0 5

(27.8)

21 (100) 0 0 21 (100) 0 0 12.7 0.012*

Periapical RL 13

(72.2)

0 5

(27.8)

21 (100) 0 0 21 (100) 0 0 12.7 0.012*

Significance level P<0.05, * significant, ns=non-significant, F=failure

Table 4:  Comparison of overall success in the study groups

  NHA MTA  FC

 

Failure Success Failure Success Failure Success

Number 5 13 2 19 5 16

% 27.8 72.2 9.5 90.5 23.8 76.2

X2 2.312

P, Chi-square test 0.314 NS



Page 15/18

Table 5: Radiographic success scores during different follow up periods

Time  score NHA MTA FC X2 p*, Chi-square test

3 months Score 0 17(94.4) 16 (76.2) 16 (76.2) 3.96 0.86 NS

Score 1  0 4 (19) 4 (19)

Score 2 0 0 0

Score 3 1 (5.6) 1(4.8) 1(4.8)

Failure 0 0 0

6 months Score 0 11(61) 19 (90.5) 19 (90.5) 15.57 0.049*

Score 1  1 (5.6) 2 (9.5) 2 (9.5)

Score 2 1 (5.6) 0 0

Score 3 4 (22.2) 0 0

Failure 1 (5.6) 0 0

12 months Score 0 10 (55.6) 19 (90.5) 16(76.2) 20.87 0.008*

Score 1  3 (16.7) 1(4.75) 1(4.8)

Score 2 0 1(4.75) 2 (9.5)

Score 3 0 0 2 (9.5)

Failure 5(27.7) 0 0

Significance level P<0.05,* significant, ns=non-significant, F=failure 0

Figures
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Figure 1

A consort diagram showing the study protocol



Page 17/18

Figure 2

(NHA): Periapical radiographs of group 1: (a) Baseline (b) one month postoperative (c) 3- months
postoperative (d) 6-months postoperative.

Figure 3

(MTA): Periapical radiographs of group 1: (a) Baseline (b) one month postoperative (c) 3- months
postoperative (d) 6-months postoperative.

Figure 4

(FC): Periapical radiographs of group 1: (a) Baseline (b) one month postoperative (c) 3- months
postoperative (d) 6-months postoperative.
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