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Abstract

The purpose of the present controlled trial was to evaluate the clinical and radiographical success rate of pulpotomies in cari-
ous vital primary anterior teeth using White Portland (WPC) cement versus White MTA.

Materials and Methods: Sixty asymptomatic carious vital primary anterior teeth with pulp exposure in healthy children
aged 4 to 9 years were allocated randomly to receive WPC or WMTA pulpotomy. Clinical and radiographical post-treatment
assessments occurred at 3,6,12 months. Primary anterior teeth treated with pulpotomy were classified into one of the follow-
ing radiographic outcomes: N=primary anterior teeth without pathologic change; Po=pathologic change present, follow-up
recommended; Px=pathologic change present, extract.

Results: All studied pulpotomy cases wete clinically and radiologically successful regardless of the material used and what-
ever the time period between WPC and WMTA pulpotomy group in the three studied time periods (3,6,12 months) so that
no statistical differences in clinical or radiographical outcomes between WPC and WMTA primary anterior teeth pulpotomy.
Conclusion: WMTA or WPC pulpotomy were effective in the treatment of carious vital primary anterior teeth. PC may serve
as a good alternative to MTA for pulpotomy of primary teeth.
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Introduction

Early childhood caries still poses a challenge to dental practition-
ers as it leads to significant loss of the dental arch length leading
to problems with space maintenance, pronunciation difficulties,
lack of masticatory forces and the development of nonfunctional
habits. Therefore, modern pediatric dentistry seeks to preserve
the functional, aesthetic and developmental capacity of primary
teeth [1, 2].
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Because of the small size of these teeth, endodontic exposures
occur eatly. In this case, the traditional treatment is root canal
treatment to preserve the development of the dental arch, the
aesthetic and functional aspects, and the natural eruption of the
permanent teeth [3].

Root canal treatment faces many difficulties, including the mor-
phology of the root canals, the physiological resorption of the
root of the primary teeth, and the failure to find an ideal filling
material that resorbs at the same degree as the root.
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Studies have shown high success rate of MTA, Portland cement,
Biodentin and ferric sulfate pulpotomy in primary molars. This
treatment is easy and fast and does not include interference along
the canal or apical region |6, 7|. Pulpotomy is defined as the re-
moval of the entire coronal pulp tissue that is infected or expect-
ed to become inflamed as a result of pulp exposure or the arrival
of infection to it, then covering the remaining root pulp tissue
with a dressing material resulting in either healing of the pulp or
fixation of the remaining pulp under the covering material in or-
der to allow the tooth to perform its physiological function. [8, 9].
After the trend towards mineral trioxides (MTA) and the similar-
ity in composition and properties observed between this material
and Portland Cement, in addition to the high price of MTA com-
pared to Portland cement [10, 11].

Therefore, this study was proposed to evaluate the use of MTA
and Portland cement in primary anterior teeth pulpotomy in order
to suggest it as a safe, simple, and economical alternative with
high success rates in exposed pulps of primary anterior teeth.

Materials and Methods
Trial design

A randomized controlled trial by split mouth design was conduct-
ed in healthy 4- to 9-year-old children that had primary anterior
teeth indicated forpulpotomy treatment and followed up clinically
and radiographically for 3,6,12 months.

Ethical considerations

The study protocol was approved by scientific research and Post-
graduate Board of Damascus University Ethics Committee of
Damascus University, Damascus, Syria (protocol code 1786 and
date of approval 4 March 2019). The study protocol was also en-
rolled, and the full trial protocol can be accessed at clinicaltrials.
gov (NCT04634123). A detailed information sheet in simple non-
technical language was provided in advance, and parents/guard-
ians were requested to sign an informed consent. The patients
and parents were blinded by not being provided any information
about the treatment group to which they were allocated.

Study population and inclusion criteria

Healthy children, 4 to 9year- old, with one or more split mouth
carious asymptomatic primary anterior teeth where removal of
dental caries was likely to produce vital pulp exposure were invit-
ed to participate in the investigation. Eligible teeth were included
in the study if they fulfilled the following requirements: caries
include a maximum of two surfaces to be restored; pulp exposure
during caries removal; pulpal hemorrhage light red with achiev-
able hemostasis; physiological root resorption no more than the
apical third. Exclusion criteria included: children with systematic
or mental disorders; history of spontaneous pain; presence of
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any clinical and radiographic signs which indicate pulpal necrosis;
such as internal or external root resorption, inter-radicular and/
or periapical bone destruction, existence periapical translucency,
swelling or sinus tract, tenderness to percussion, pathological
movement.

Sample size and power calculation

Sample size was determined using a sample size calculation pro-
gram (PS Power and Sample Size Calculation Program, Version
3.0.43). Sample size was calculated using outcomes from Nguyen
T. D. et al.comparing MTA/FS pulpotomy and RCT outcomes
[12]. Sample size calculation produced a required sample size of
52 primary anterior teeth per group to detect a significant dif-
ference (90% power, two-sided 5% significance level). The sam-
ple size was increased to 60 (15%) to compensate for loss during
follow-up or due to other causes of attrition.

Randomization and Blinding

The clinically and radiologically studied sample was randomly dis-
tributed using a lottery, where the numbers from 1 to 30 were
written on paper cards representing the research cases according
to the chronological sequence of their completion (No. 1 repre-
sents the first case to be treated ... and so on) and then they were
randomly divided into two groups:

Group A (represents the group in which the right side was treated
with White Portland Cement)

Group B (represents the group in which the left side was treated
with the White MTA). The numbers shown in the table (1) carry
the results of randomization of the clinical and radiographical
study sample.

A double blinding was also adopted in this study so that both
the patient and the examiner were not know about the applied
substance.

Treatment procedure

All dental treatment were provided in Damascus University-Fac-
ulty of Dentistry-Department of Pediatric Dentistry with local
anesthesia and rubber dam isolation Figure (1) (A,a). Following
caries removal and pulp exposure Figure (1) (B,b), the pulp cham-
ber was accessed using a sterile no. 56 bur with a water-cooled
high-speed hand piece. The access wasbe refined using a sterile
no. 4 or 6 round bur in a slow-speed hand piece. For pulpotomy,
the coronal pulp was amputated to a depth of approximately two
millimeters below the free gingival margin with a slow speed-
handpiece Figure (1) (C,c). Then the pulp chamber was flushed
with sterile water from an air water syringe for 10 to 15 seconds.
If hemostasis was not achieved, the tooth would be eliminated
from the study. If hemostasis was achieved, WMTA (ProRoot®
MTA Root Repair Material, Dentsply, Maillefer) or WPC (Aal-

Table 1. Randomization results for clinical and radiological study sample.

Group A

Group B

(White Portland Cement)

(White MTA)

1-3-6-8-11-17-18-19-21-23-24-25-26-27-28

2-4-5-7-9-10-12-13-14-15-16-20-22-29-30
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borg, Sinai, Egypt) will be applied to the amputated pulp surface
to a thickness of not less than one mm using an amalgam carrier
Figure (1) (D,d). Excess WMTA or WPC was removed, and the
pulp chamber then sealed with glass ionomer cement (Fuji IX®,
GC Corporation, Tokyo, Japan) Figure (1) (E,e). The tooth was
restored with resin composite (Filtek Z250%, 3M ESPE, St. Paul,
MN, USA) immediately Figure (1) (Ef). Teeth were assessed at 3-,
6- and 12-months post-treatment.

Outcome assessment

Clinical findings assessed include presence or absence of the
treated teeth, presence of restoration and if present whether the
restoration was intact or not, localized gingival erythema, swell-
ing, fistula/sinus tract, pathological tooth mobility, tenderness
to percussion and tenderness to palpation. Clinical findings that
were considered unacceptable outcomes include spontaneous or
stimulant pain, tenderness to petrcussion, fistula/sinus tract, soft
tissue swelling and/or pathological tooth mobility associated with
the pulp treated tooth. Radiographical outcomes were categorized
using the rating scale published in Doyle et al [13] who classified
each treated tooth into one of three outcomes based on radio-
graphic evaluation: N=anterior primary teeth without pathologic
change; Po=pathologic change present, follow-up recommend-
ed; and Px=pathologic change present, extract. Primary anterior
teeth rated N or Po were considered an acceptable radiographical
outcome while incisors rated as Px were considered unacceptable.
Radiographical findings assessed included presence or absence
of periapical radiolucency, pathological external root resorption,
widened PDL space, physiological root resorption, internal root
resorption, dentin bridge formation and whether the restoration
was intact or not.

Statistical methods

Data were analyzed at various follow-up periods. Intergroup dif-
ferences stratified by age, gender, and type of tooth were statisti-
cally analyzed using Fisher’s exact test. The software used for sta-
tistical analysis was SPSS 20.0 software for Windows (IBM Corp.,
Armonk, NY, USA). All tests applied were two tailed, and a p
value of 0.05 or less was considered as a statistically significant
intergroup difference.

Results

A total of 60 teeth treated with pulpotomy were studied: 30 teeth
(50%) treated with White Portland cement and 30 (50%) with
WMTAFigure (2). The study included 23 healthy children (13
boys and 10 gitls). Their ages ranged between 4 and 9 years at the
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time of treatment, with a mean age of 5.3%1.4 years (median of
5 years) in both groups. Of the 60 teeth treated with pulpotomy,
13 (56.5%) of the teeth were from boys and 10 (43.5%) were
from gitls.

Primary canines were the most common teeth treated with pul-
potomy (50%) followed by primary central incisors (30%), and
then the least common were the primary lateral incisors (20%).

All studied pulpotomy cases were clinically and radiologically suc-
cessful (100%) regardless of the material used. There was no sta-
tistical difference in clinical or radiographical outcomes for WPC
or WMTA pulpotomy primary anterior teethin the three studied
time periods (3,6,12 months) Figure (3).

Dentine bridge formation

The value of the chi-square test to study the significance of the
differences in the formation of the dentine bridge radiographical-
ly between the two groups according to the material used (WPC
/WMTA) in the time period after three months was (0.111), and
the p-value was (0.739), which is greater than the significance level
(0.05), and in the time period after six months and after twelve
months were (0.218) and the p-value was (0.640), which is greater
than the significance level (0.05), therefore there are no statisti-
cally significant differences in the frequency of dentinal bridge
formation radiographically between the two groups according to
the material used and the time period studiedtable (2).

Discussion

Pulpotomy is an effective choice for vital pulp therapy in carious
pulp exposure in primary anterior teeth [14], that limits interven-
tion through vitality preservation, decreasing the need for pulpec-
tomy and unnecessary extractions and improving children’s qual-
ity of life [15]. The main aim of the present study was to compare
the effectiveness of pulpotomy in human primary anterior teeth
using White Portland cement with those performed with White
MTA and its results show that both materials have high success
rates of up to 12 months, like those found in PCstudy [16].

MTA was selected as the control group because it has been con-
sidered the "gold standard" for vital pulp therapy in primary teeth
[17].

The high success rate of pulpotomy with PC (100%) found in
our study is impressive, but the results should be further tested
with longer follow-up periods. Vilimek, Gateva et al found a suc-
cess rate of 92.96% for PC pulpotomies in primary incisors and

Table 2. Shows the results of the chi-square test to study the significance of the differences in the formation of the dentine

bridge.
The time period | Number . The significance of the
. chi-square | p-value .
studied of cases differences
After three no statistically significant
60 0.111 0.739 .
months differences
. no statistically significant
After six months 60 0.218 0.64 e
differences
After twelve no statistically significant
60 0.218 0.64 .
months differences
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Figure 1. (a) and (A) Isolation with rubber dam, (b) and (B) caries removal and pulp exposure, (c) and (C) accessing the pulp chamber with achieving
hemostasis, (d) White Portland Cement application, (D) White MTA Application, (e) and (E) Application of glass ionomer cement as base filling, (f) and
(F) rubber dam removal and final restoration with composite resin.

Figure 2. Allocation flow diagram.

molars performed under general anesthesia [18].

The difference was the inclusion criteria where teeth with symp-
toms of inflamed pulps were included. An advantage of this study
was the strict adherence to teeth where the condition of the pulp
is appropriate for pulpotomy.

According to the literature, the two most common reasons for
pulpotomy failures in primary teeth are misdiagnosis of radicular
pulp inflammation preceding to treatment and pulp contamina-
tion due to micro-leakage [19, 20]. In this study, these issues can
explain the high success rates for WPC pulpotomy Where the
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Figure 3. Radiographical follow-up of a treatment case with WPC and WMTA.

(A) diagnostic image (WPC),(a) diagnostic image (WMTA).
(B) immediately after treatment(WPC), (b) immediately after treatment (WMTA).
(C) first follow-up after 3 months (WPC),(c) first follow-up after 3 months (WMTA).
(D) Second follow-up after 6 months (WPC),(d) Second follow-up after 6 months (WMTA).
(E) Third follow-up after 12 months (WPC),(e) Third follow-up after 12 months (WMTA).

treatment was completed in one session and thus marginal leakage
was minimal.

Hard tissue barrier was a radiographical finding in most of the
cases in the PC group. This phenomenon has been described in
both animal and humanstudies [21-23]. We suggest that the hard
tissue barrier is a dentin bridge and propose the following suitable
clarification for this phenomenon; pure Portland cement contains
calcium oxide that structures calcium hydroxide when mixed with
water. The calcium particles react with the carbon dioxide from
the pulp tissue and calcite crystals are produced. A rich extracel-
lular network of fibronectin forms closely to the calcite crystals.
This is the initial step of a hard tissue barrier formation, also
known as dentin bridge.

Esthetics is detailed worry of clinicians and guardians in pulp
treated primary incisors [24]. MTA, ZOE, Endoflas and iodoform
are obturation materials reported to have the potential to discolor
coronal tooth structure in primary teeth. Tooth-colored ProRoot
MTA has demonstrated gray discoloration in this study like those
found in other studies |25, 26]. The mechanism of MTA discol-
oration is still not fully understood, but recent evidence suggests
tooth discoloration is associated with metallic black bismuth ox-
ide shaped from the reaction of bismuth oxide with light in a
non-oxygenated environment [27]. While White Portland cement
was color-stable, and this is explained by the absence of bismuth
oxide in its composition.

Another clinical advantage of pulpotomyon primary anterior
teeth by WPC/WMTA is the fact that less time is needed for the
procedure and the treatment can be done in one visit.

A limitation of this study was that the study period is short. High-
ly reliable results can be attained by future studies with large sam-
ple size and long -time follow-up.

Conclusion

White Portland cement and White MTA were successful in 100%
of the cases with no differences between the two treatments.
Based on this study’s results, it can be concluded that there is no
superiority of one material over the other and White Portland ce-
ment can be used in primary anterior teeth pulpotomy.

Acknowledgments: The authors thank all of the study partici-
pants for their time and insight. Additional thanks go to Damas-
cus University and Head of Pediatric dentistry Mohamad Kamel
Altinawi.
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