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Objective: To determine the clinical and radiographic success of Biodentine® (BD) and Ferric Sulfate
(FS) as primary molar pulpotomy materials and to compare their outcomes. Study design: Retrospective
data was obtained from the electronic health records (EHR) of a university-based pediatric dental clinic.
Participants were enrolled according to specified inclusion and exclusion criteria. Two trained and calibrated
examiners evaluated the EHR using validated criteria for clinical and radiographic outcomes. Study data
was numerically coded and analyzed. Cohen's Kappa and Chi-square tests were used (p<0.05). Results:
Eighty-three participants (62.7% females, age range two to eight years, average age of 4.5 years) with 102
pulpotomies were enrolled. FS was usedin 78% (n=79) and BD in 22% (n=23) of the cases. Follow-up periods
ranged from six to 36 months (mean of 17 months). BD showed 100% clinical and radiographic success,
while FS demonstrated 84% clinical and 70% radiographic success. The two groups were compared at one
year with no statistically significant differences. At 18 months, BD outperformed FS clinically (p=.012) and
radiographically (p=.001). Intra-rater and inter-rater agreement were k>0.88. Conclusions: Both materials
can be recommended for clinical practice, however BD may be the preferred choice for its better outcomes

at 18 months.
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INTRODUCTION
rimary molar pulpotomy is a type of vital pulp therapy
indicated for treatment of teeth diagnosed with reversible
pulpitis.! The procedure entails amputation of the inflamed
coronal pulp and application of a suitable therapeutic material over
the remaining radicular pulp stump, which can promote disease-free
survival of the deciduous tooth.'? While the immediate outcome
of successful pulpotomy is an asymptomatic tooth with preserved
radicular pulp, its ultimate objective is to prevent premature tooth
loss and to maintain integrity of the dental arch.>* The clinical tech-
nique and indications for the pulpotomy procedure have remained
unchanged for decades, however the utilized therapeutic materials
have been widely diverse and are continuously evolving over the
years.* The existing pulpotomy materials can be classified into three
main categories based on their effect on the remaining radicular
pulp tissue.’ These include agents producing devitalization (e.g.,
formocresol, gluteraldehyde), preservation in a healthy state (e.g.,
ferric sulfate, bioactive cements, calcium hydroxide, sodium hypo-
chlorite, lasers, etc.) or promoting regeneration (e.g., bone morpho-
genic proteins).>
For many years since the 1930s, the Buckley’s solution (19%
formaldehyde and 35% cresol diluted with glycerin and distilled
water) has been the benchmark pulpotomy medicament.> Formo-
cresol (FC) has protein-binding properties and works by fixation of

The Journal of Clinical Pediatric Dentistry ~ Volume 45, Number 1/2021

220z aunr Gz uo Jasn |eydsoH g 869)j09 [ejuaq yieadeApiA neseyg Aq ypd-zz-1-Gy-8291-€5011/8%106.2/2¢/1/SY/iPpd-ajone/pdol/wod ssaidusjie: uepuawy/:diy woly papeojumoq



Success of Biodentine and Ferric Sulfate as Pulpotomy Materials in Primary Molars: A Retrospective Study

the radicular pulp tissue, making it inert.>¢ Its overall success has
been estimated around 87%.2 However, in 2004 the International
Agency for Research on Cancer classified formaldehyde as carcino-
genic to humans.” Such toxicity and mutagenicity concerns have led
to the discouragement of FC wider use and prompted new research
looking for viable replacement options.? Ferric Sulfate (FS) in a
15.5% solution is a hemostatic agent and has been proposed as one
such alternative. >* Animal and human studies have reported that its
success as pulpotomy medicament (79.3%-93%) is similar to that
of FC. %% FS forms a ferric ion-protein complex when it comes to
contact with blood which upon agglutination produces plugs that
mechanically occlude the cut blood vessels to achieve coagula-
tion and hemostasis.'° This reaction causes minimal damage to the
radicular pulp tissue and helps preserve its vitality.! While FS has
gained popularity over the past decade as the pulpotomy agent of
choice in pediatric dentistry, more recently bioceramic materials
such as Mineral Trioxide Aggregate (MTA) and Biodentine® (BD)
have come to the scientific spotlight as successful endodontic
therapy materials.>!!

BD is a novel calcium-silicate based cement, first introduced on
the market in 2010 by Septodont (St Maur des Faussés, France)."
It has gained attention as a contemporary dentine replacement
and repair material and has been proposed for use in therapeutic
pulpotomies in primary teeth due to its excellent salability and
biocompatibility.!:'> BD is a commercialized tricalcium silicate
and thus undergoes an extensive manufacturing process utilizing
active biosilicate technology, which eliminates aluminates and other
metal impurities."" Therefore, the manufacturer claims that BD has
improved mechanical properties when compared to MTA prod-
ucts including faster setting time, increased compressive strength,
increased density, decreased porosity, induction of reparative
dentine synthesis, and more manageable handling characteristics.'"'?
When used as a pulpotomy agent, BD creates a layer of superficial
necrosis on contact with vital pulp tissue.'? This stimulates a healthy
inflammatory response of the radicular pulp and the formation of
reparative dentin layer that serves as a hard tissue barrier sealing
off and protecting the vital radicular pulp.''> As a primary molar
pulpotomy agent, BD has shown promising initial clinical results
with reported 92% to 100% success rates.'>!'* However, the research
investigating the outcomes of BD remains limited and further trials
are needed for clinical practice recommendations.

The purpose of this study was to determine the clinical and
radiographic success of primary molar pulpotomies completed
with BD and FS at a university-based pediatric dental clinic and to
compare the outcomes of the two materials.

MATERIALS AND METHOD

The Institutional Review Board of the University of Illinois at
Chicago (UIC), Chicago, I1l., USA granted permission to conduct
this retrospective cohort study. To estimate the required sample
size, a prospective power calculation, based on reported clinical
success rates for BD and FS from previous studies, showed that 60
teeth would achieve a power of 80%. To account for inconsistent
patient attendance at recall, our study included for initial review the
first consecutive 400 pulpotomies completed since April 1, 2016.
The list was generated from the dental electronic health record
(EHR) system of the College of Dentistry, UIC and was based on
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completed insurance codes for therapeutic pulpotomy. The specific
date was chosen because at that time both materials were used in
the university-based pediatric dental clinics. FS was available as
Astringedent™ (Ultradent Products, Inc., 3935, 505 W 10200
S, South Jordan, UT 84095, USA) and BD is a product of Sept-
odont (94100 St Maur des Faussés, France). The principal investi-
gator (PI), who was a post-graduate student in Pediatric Dentistry
(PD), accessed all patient records and evaluated the information
against the inclusion and exclusion criteria of the study (Table 1).
Patients, who had teeth with completed pulpotomies that met the
inclusion criteria, were enrolled as participants. Each of these teeth
received a specific study number. All pulpotomies were completed
by post-graduate PD students. The procedures were supervised
by faculty members, specialists in PD. The EHR notes and radio-
graphs corresponding to the dates of completion of the pulpotomy
procedures of the study teeth, as well as all consecutive notes and
radiographs from the periodic oral examinations were reviewed by
the PI. Typically, patients with completed comprehensive exam and
/or dental care are recalled at the clinics every six months for regular
periodic dental examinations. Two sets of clinical and radiographic
criteria validated by previous research' were used in this study to
evaluate the information about the study teeth gathered from the
EHR (Tables 2 and 3).

The participants’ demographic information was collected, such
as age at the time of pulpotomy, sex, ethnicity and medical back-
ground. Race was not included due to lack of consistent documenta-
tion. For each study tooth, the PI searched the EHR for information
on the primary molar diagnosis (i.e., caries, trauma, developmental
defect) that provided justification for carrying out the pulpotomy
procedure. The type of behavior management modality (i.e., nitrous
oxide sedation, oral sedation or general anesthesia) used at the time
of pulpotomy procedure as well as the type of dental visit (i.e.,
routine or urgent care) were also recorded. A second examiner,
faculty member and specialist in PD, evaluated the radiographs.
This was done first independently and then the cases were discussed
between the two examiners in order to resolve any disagreements.
The PI and the second examiner were calibrated using a question-
naire with 20 randomly selected radiographs of teeth with pulpoto-
mies (for inter-rater reliability). The questionnaire was created by
an independent to the study person. The PI completed the question-
naire on two separate occasions with two weeks apart (for intra-rater
reliability). The examiners were trained for the study purposes by
reviewing pertinent literature discussing therapeutic materials and
primary molar pulpotomies. Research data was numerically coded.
The clinical and radiographic scores were further converted into
dichotomous outcomes combining scores of 1 and 2 into category
“Success” and scores 3 and 4 into category “Failure”. The inter-
and intra-examiner reliability were assessed using Cohen’s Kappa,
and statistical analysis was completed using Statistical Product and
Service Solutions (SPSS) software (Version 25.0, IBM SPSS Statis-
tics, Armonk, N.Y., USA). A chi-square was utilized to assess for
difference in outcomes between FS and BD groups with a level of
significance of p<0.05.

doi 10.17796/1053-4625-45.1.5 23

220z aunr Gz uo Jasn |eydsoH g 869)j09 [ejuaq yieadeApiA neseyg Aq ypd-zz-1-Gy-8291-€5011/8%106.2/2¢/1/SY/iPpd-ajone/pdol/wod ssaidusjie: uepuawy/:diy woly papeojumoq



Success of Biodentine and Ferric Sulfate as Pulpotomy Materials in Primary Molars: A Retrospective Study

Table 1. Inclusion and Exclusion Criteria of the Study

Inclusion Criteria Exclusion Criteria
Deciduous molar Tooth other than a deciduous molar
Radiograph with clear visualization of the furcation No pre-operative radiograph or a pre-operative radiograph without clear
pre-operatively visualization of the furcation
Radiograph with clear visualization of the furcation at least No post-operative radiograph or a post-operative radiograph without clear
6-months post-operatively visualization of the furcation
Clinical evaluation at least 6-months post-operatively No clinical evaluation or clinical evaluation only less than 6-months

post-operatively

Adequate documentation in the patient record on the date of  Poor/Improper documentation on the date of the procedure or at any recall
the procedure and at all follow-up examinations examinations

Pulpotomy completed with Ferric Sulfate (FS) or Biodentine ~ Pulpotomy completed with a medicament other than FS or BD or medica-
(BD) ment not documented in the chart

Table 2. Criteria for Clinical Success (adapted from Rajasekharan et al.™)

Score Clinical Criteria Description

1 Asymptomatic Pathology: Absent

Normal functioning

Naturally exfoliated

Exfoliation prematurely due to ectopic eruption

Mobility (physiological) <1 mm

0Oo0ooaog

2 Slight discomfort Pathology: Questionable

Percussion sensitivity

Chewing sensitivity, short-lasting

Gingival inflammation (due to poor oral hygiene)

Mobility (physiological) >1mm but <2mm

O0O0ooaDo

3 Minor discomfort Pathology: initial changes present

Chewing sensitivity, long lasting

Gingival swelling (not due to poor oral hygiene)
Periodontal pocket formation (no exudate)

Mobility >2mm but <3mm

O 0Oooo

4 Major discomfort Pathology: Late changes present

Spontaneous pain

Gingival swelling (not due to poor oral hygiene)
Periodontal pocket formation (exudate)

Sinus tract present

Mobility > 3mm

Premature tooth loss, due to pathology

O0O00Oo0a0oao

Table 3. Criteria for Radiographic Success (adapted from
Rajasekharan et al.')

Score Radiographic Criteria Description

1 No changes present o Internal root canal form tapering from chamber to the apex
o  Periodontal ligament (PDL)/periapical regions: normal width and
trabeculation

2 Pathological changes of questionable
clinical significance

External changes are not allowed (widened PDL)

Abnormal inter-radicular trabeculation or variation on radiodensity
Internal resorption acceptable (nonperforated)

Calcific metamorphosis is acceptable and defined as: uniformly thin root
canal; shape (non-tapering); variation in radiodensity from canal to canal
(one cloudier than the other)

o Dentin bridge formation (one or more canals)

3 Pathological changes present o External changes are present, but not large
o Mildly widened PDL
o Minor inter-radicular radiolucency with trabeculation still present
o Minor external root resorption
o Internal resorption changes are acceptable, but not if external change is
also present (perforated form)
4 Pathological changes present o Frank osseous radiolucency present, endangering permanent successor
requiring an immediate extraction of
the tooth
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RESULTS

After reviewing the 400 EHR, 102 deciduous molars in 83 pedi-
atric patients satisfied the selection criteria and were included in the
study sample. The flow diagram of the study process is illustrated
in Figure 1.

Demographic Results

The study sample consisted of 62.7% (n=52) female and 37.3%
(n=31) male participants. The mean age of the participants was 4.5
years and the median was four years, while the age range was two to
eight years. The sample included 1.2% (n=1) two years old, 25.3%
(n=21) three years old, 27.7% (n=23) four years old, 21.7% (n=18)
five years old, 19.3% (n=16) six years old, 1.2% (n=1) seven years
old, and three 3.6% (n=3) eight years old participants. Ninety four
percent of the participants were within the age group of 3 to 6 years.
There was a higher prevalence of Hispanics (53%, n=44), which
mirrored the population seen in our PD clinics. Ninety-five percent
(n=78) of the participants were healthy and the remaining 4.8%
(n=4) had well-controlled asthma.

Descriptive Results of the Study Teeth

Almost 80% of the participants had a single pulpotomy (n=66),
while 22.5% (n=17) had two. With respect to the diagnostic justi-
fication for the pulpotomy procedures, all of the study teeth were
described as having deep caries approaching the pulp and with pulpal
exposure occurring during caries excavation. Seventy-eight percent
of the teeth (n=79) were treated with FS and 22% (n=23) with BD.
Specific considerations for using FS or BD by the clinicians were
not provided in the EHR notes. All study teeth were restored with
prefabricated stainless-steel crowns immediately after the pulpo-
tomy completion. Eighteen percent (n=18) of the pulpotomies were
performed on maxillary first primary molars, 16% (n=17) on maxil-
lary second primary molars, 27% (n=28) on mandibular first primary
molars, and 39% (n=39) on mandibular second primary molars.

Figure 1. Flow Chart of Study Progress

Descriptive Results
Modality

With regard to patient management modality at the time of
pulpotomy completion, 41 % (n=34) of the participants (with 41.2%,
n=42 study teeth) received comprehensive care under general anes-
thesia (GA), 12% (n=10) of the participants (with 13.7%, n=14
study teeth) were managed with oral conscious sedation and 47%
(n=39) participants (with 45.1%, n=46 study teeth) had treatment
carried out under nitrous oxide inhalation sedation. Out of the 23
BD pulpotomies, 30.4% (n=7) were completed under GA while
69.6% (n=16) were done with nitrous oxide inhalation sedation.
In the FS group, 44.3% (n=35) of the pulpotomies were completed
under GA, 17.7% (n=14) under oral conscious sedation and 38%
(n=30) with nitrous oxide inhalation sedation. All pulpotomies were
completed during routine dental care and none were done as urgent
care procedures.

on Behavior Management

Descriptive Results of Follow-up Periods

The follow-up evaluation period for all study teeth ranged from
six to 36 months (mean was 17 months). The follow-up time for
the BD group ranged from 12 months to 20 months (mean was 15
months). Eleven BD pulpotomies were reviewed at around one year
(12 + 2 months) and 12 at around a year and a half (18 £ 2months).
For the FS group, the follow-up periods ranged from six to 36
months (mean was 17 months). Five FS pulpotomies were reviewed
at half a year (6 + 2 months), 19 at a year (12 + 2 months), 18 ata
year and a half (18 £ 2 months), 18 at two years (24 = 2 months),
16 at two and a half years (30 + 2 months) and 7 at three years (36
+ 2months).

Descriptive Results of Clinical and Radiographic
Outcomes

A total of 87.3% (n=89) of all pulpotomies had no clinical signs
or symptoms of pathology (scores 1 and 2) and were categorized
as successful. The remaining 12.7% (n=13) were categorized as

Electronic Health Record (HER) system
generated a list of the first 400 teeth with
pulpotomies completed after April 1%, 2016

317 teeth were excluded for not
meeting the study’s inclusion criteria

102 teeth and 83 participants
were enrolled

79 teeth with completed
Ferric Sulfate pulpotomies

23 teeth with completed
Biodentine pulpotomies

Data Collection and
Statistical Analysis

Examiner 1 (Principal
Investigator) evaluated
EHR notes and

radiographs Training &

Calibration

Examiner 2
evaluated radiographs
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failures (combined scores 3 and 4). Minor discomfort (score 3) was
reported for 5.9% (n=6) of the study teeth, while 6.9% (n=7) had
major discomfort (score of 4). Radiographically, 23% (n=24) of
the whole tooth sample failed (combined radiographic scores of 3
and 4), of which 5.9% (n=6) had required an immediate extraction
(score 4).

The sample of BD pulpotomies included teeth that were clini-
cally asymptomatic (score 1) and radiographically successful (score
1 for n=19; score 2 for n=4). Four BD pulpotomies (17.4%) had
a radiographic score of 2 at a year and a half (18 + 2 months) as
changes consistent with calcific metamorphosis of the intracanal
space (pulp canal obliteration) were found. The overall success rate
of BD was 100% both clinically and radiographically.

The FS group, however had both clinical and radiographic fail-
ures. Overall, 16.4% (n=13) of the teeth treated with FS displayed
signs of clinical failure (n=6 with score 3; n=7 with score 4) and
30% (n=24) displayed signs of radiographic failure (n=18 with
score 3; n=6 with score 4). Consistent with the descriptions from the
scoring system we used, the most common cause for radiographic
failure was internal root resorption (IRR) with external changes
(41.7%, n=10 out of 24). The clinical and radiographic failures for
the teeth treated with FS occurred at different time intervals over
36 months (Figures 2 and 3). The highest number of FS failures
occurred between 13 to 18 months post-operatively with 61.5%
(n=8 out of the 13) clinical and 41.7% (n=10 out of the 24) radio-
graphic failures.

Figure 2. Time Intervals of FS pulpotomies Clinical Failures

Figure 3. Time Intervals of FS pulpotomies Radiographic
Failures

26 doi 10.17796/1053-4625-45.1.5

The Journal of Clinical Pediatric Dentistry

Comparative Analysis and Differences between FS
and BD Groups

Clinical and radiographic data was available for both BD and
FS at one year (12 + 2 months) and at a year and a half (18 months
+ 2 months). Eleven BD pulpotomies showed 100% clinical and
radiographic success at one year, while at a year and a half 12 BD
pulpotomies were found 100% successful. From the FS group,
at one year 89.5% (n=17/19) of the pulpotomies were clinically
successful, while 73.7% (n=14/19) were successful radiographi-
cally. At a year and a half, 55.6% (n=10/18) of the FS pulpotomies
showed clinical success and 44.4% (n=8/18) had radiographic
success. Statistical analysis was run using Chi-square test and it
was determined that there was no statistical difference between the
two groups at one-year clinical (p=0.220) as well as radiographic
(p=0.289) follow-up. At a year and a half follow up, statistically
significant differences were found with BD outperforming FS both
clinically (p=0.012) and radiographically (p=0.001).

Intra-rater and inter-rater agreement were assessed with Cohen’s
Kappa Statistic with both generating a score of «>0.88 (good
reliability).

DISCUSSION

The ideal pulpotomy material should be bactericidal, harmless
to the pulp and its surrounding structures, promote healing and
continuous vitality of the radicular pulp, as well as allow for normal
physiological process of root resorption.>* All commercially avail-
able products have different advantages and disadvantages and the
search for the ideal one is ongoing.>"> Furthermore, there is a lack of
general consensus regarding the best therapeutic pulpotomy agent. '
While FS has been widely used in clinical practice, BD is a rela-
tively novel material that has similar composition and indications
as MTA products.'>"> Calcium-silicate-based cements are increas-
ingly popular in regenerative endodontics as they are biocompatible
(nontoxic, noncarcinogenic), bactericidal (highly alkaline), insol-
uble in tissue fluids, and dimensionally stable.'® BD has been shown
to be capable of inducing pulp healing and dentin formation.'>!¢

Our study contributes to the literature evaluating the perfor-
mance of FS and BD as pulpotomy materials in primary molars
in a short and medium term by reviewing retrospectively a sample
treated at a university-based PD clinic. We found that the pulpoto-
mies completed with BD were 100% successful a year and a half
post-operatively While all teeth remained clinically asymptomatic,
17.4% (n=4) of the BD group developed radiographic changes
consistent with pulp canal obliteration (PCO). We considered
these teeth successful radiographically (score 2). However, there is
controversy in the literature regarding the categorization of PCO.
Some authors deem PCO as a radiographic failure acknowledging
that it presents an aberration from normal pulp.!” Others, argue that
PCO is an evidence of preserved pulp vitality because is a result of
hyperactivity of odontoblast-like cells, hence it should not be clas-
sified as a pathologic change or failure.'® Our results are consistent
with recent studies.'* > In a randomized controlled trial conducted
by Rajasekharan et al.'*, BD was compared to ProRoot® White MTA
and Tempophore™ over a period of 18 months in a total sample
of 69 teeth. The authors reported 95.7% clinical and 94.4% radio-
graphic success for BD with statistically significantly more PCO
compared to the other two materials.'

Volume 45, Number 1/2021

220z aunr Gz uo Jasn |eydsoH g 869)j09 [ejuaq yieadeApiA neseyg Aq ypd-zz-1-Gy-8291-€5011/8%106.2/2¢/1/SY/iPpd-ajone/pdol/wod ssaidusjie: uepuawy/:diy woly papeojumoq



Success of Biodentine and Ferric Sulfate as Pulpotomy Materials in Primary Molars: A Retrospective Study

El Meligy et al.' compared the outcomes for BD and FC in a
sample of 108 primary teeth. The authors determined 100% clinical
and radiographic success in the BD group, while FC had also similar
outcomes (100% clinical and 98.1% radiographic success).' Sirohi
et al.*® conducted a randomized controlled trial and evaluated the
performance of BD versus FS in a sample of 50 primary molars (25
per group) over a period of 9 months. BD outperformed FS with
100% clinical and 92% radiographic success, versus 96% clinical
and 84% radiographic success for the FS group.?

In our study, the FS pulpotomies had an overall clinical success
rate of 84% and a radiographic success of 70%, which fell within the
range reported in the literature.>?*?2 Havale et al.?' demonstrated that
in 12 months in a sample of 30 participants FS had 96.7% clinical
and 63.3% radiographic success. Odabas ef a/ > examined a sample
of pulpotomies completed by dental students and reported 84.7%
clinical and 78.2% radiographic success for the FS group after one
year. Our cohort of FS pulpotomies showed signs of radiographic
and clinical failures as early as six months post-operatively and
as late as 36 months. However, the highest number of FS failures
occurred between 13 to 18 months follow-up. We also determined
that the most common cause for radiographic failure was IRR with
external changes. Such findings are consistent with other studies.
2152223 TRR is believed to be caused by a chronic inflammation
in a tooth with a vital pulp.?® Osteoclasts break down dentin and
cementum, which leads to progressive loss of tooth structure.?
The process of IRR stops once the pulp becomes necrotic, and
thus no more viable osteoclasts and nutrients are available for the
destructive process to continue.? FS is a known irritant, especially
at higher concentrations, which can lead to the cascade ultimately
causing IRR.!>%

Our study had limitations, most of which are inherent to the
retrospective design. Our sample size was relatively small, but it
is consistent with most published studies, particularly in the BD
group, and a loss to follow up is a common issue.'®?? Another
limitation was the reliance on EHR past notes of multiple providers
and existing radiographs, which were not standardized. There was a
lack of information describing specific considerations regarding the
choice of pulpotomy material, hence we can only hypothesize that
this decision was made based primarily on clinician’s preference.
The inconsistent follow-up periods of the pulpotomies was a chal-
lenge but expected in the population seen in a public health setting.

Our study also had strengths. Two trained and calibrated exam-
iners evaluated the radiographs. Prospective power analysis was
utilized to estimate the initial number of EHR for assessment, as
well as only consecutively completed procedures were reviewed
to minimize tooth selection bias. All pulpotomy procedures were
completed by post-graduate PD students with various clinical
experience. However, all critical steps of their work were overseen
by attending faculty members, specialists in PD. The pediatric
endodontics training of the post-graduate students included the
regular pulp therapy course provided by the PD department and
the standard pulpotomy technique recommended by the American
Academy of Pediatric Dentistry was followed in the clinic.! Given
that FS was traditionally the standard choice of pulpotomy agent,
it is understandable that more teeth of the study sample were
treated with this product. Furthermore, providers have had longer
experience and better expertise using FS, while utilization of BD
was a novelty.

The Journal of Clinical Pediatric Dentistry ~ Volume 45, Number 1/2021

While our study showed promising results for using BD in
primary molar pulpotomies, perhaps of even higher practical value
to pediatric dental providers is learning more about our experience
with the failed teeth treated with FS. We found that FS pulpoto-
mies failed most frequently within 13-18 months post-operatively.
Although BD is more costly than FS, its price is not prohibitive
for wide clinical use, given its higher success rate. Since pediatric
dentists strive to provide the most optimal therapeutic solutions
for their patients, FS could be a reasonable choice for teeth with
more limited life span remaining (up to two years until exfoliation),
while BD can be the preferred material for younger children or those
treated with advanced behavior management modalities (e.g. oral
sedation, general anesthesia).

Future high-quality clinical trials with longer follow-up are
needed to enhance our knowledge of the different therapeutic
pulpotomy materials and for more definitive clinical practice
recommendations.

CONCLUSIONS

Based on the results of this study, we can conclude that:

1. FS showed good outcomes, both clinically and radiograph-
ically, and its performance may be considered appropriate
for clinical practice.

2. The highest number of FS failures occurred between 13 to
18 months post-operatively and the most common cause
for FS radiographic failures was advanced internal root
resorption.

3.  BD outperformed FS and should be the preferred choice of
primary molar pulpotomy material.

4.  Pulp canal obliteration was the most common radiographic
finding in the BD group.
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