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Physicochemical properties and
filling capacity of an experimental
iodoform-based paste in primary teeth

Abstract: In this study, we evaluated the physicochemical properties
(PCP; radiopacity, flow, pH, and solubility) and the quality of root
canal filling provided by an experimental industrialized paste (EP),
with the same active ingredients as those of the Guedes Pinto paste,
compared with the Vitapex® paste. PCP were analyzed according to
the ANSI/ADA laboratory testing methods for endodontic filling and
sealing materials. To analyze filling capacity, 120 artificial primary
teeth (60 maxillary incisors [MIs] and 60 mandibulary molars [MMs])
were endodontically treated. The teeth were divided into eight groups
based on the dental group (Mls or MMs), filling material (Vitapex® or
EP), and insertion method (syringe or lentulo). The Image J® software
was used to analyze the initial an final digital radiographies of each
tooth, measuring and comparing root canal and void areas. The
percentage of filling failure areas was obtained. Data were submitted
to ANOVA and Tukey test of mean comparison. Regarding PCP, both
pastes presented results according the ANSI/ADA standards. Flow
capacity: Vitapex: 19.6 mm, EP: 25 mm (p < 0.01); radiopacity: Vitapex:
447 mmAl, EP: 6.06 mmAl (p < 0.01); pH after 28 days: Vitapex: 7.79,
EP: 819 (p = 0.12); and solubility after 28 days: Vitapex: 2.68%, EP: 2.89%
(p > 0.05). Regarding filling capacity analysis, EP demonstrated 12.5%
of failure against 31.5% of Vitapex (p < 0.01). Compared to Vitapex, EP
presented statistically significantly better results in flow, radiopacity,
pH, and filling capacity. Molars presented more filling failures than
incisors. The insertion method using a syringe and a thin tip was
significantly better than that using Lentulo spiral carriers.

Keywords: Tooth, Deciduous; Endodontics; Root Canal Obturation.

Introduction

Endodontic treatment of primary teeth is a frequent clinical procedure
in pediatric dentistry. The treatment is usually performed for dental caries
(still considered a public health problem worldwide) or dental trauma,
which is common in young children.'?

Endodontic treatment success is often dependent on several factors,
ranging from dental preoperatory conditions to the choice of final tooth
restoration. Among these factors, the importance of the choice of endodontic
filling material cannot be overlooked.
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Physicochemical properties and filling capacity of an experimental iodoform-based paste in primary teeth

For treatment of primary teeth, endodontic filling
materials must meet certain basic requirements, such
as biocompatibility to peri-radicular tissues, slow
resorption (to follow primary teeth physiological
resorption), antimicrobial characteristics, and
physicochemical properties, including radiopacity
and flow.>*>¢ Moreover, the success of endodontic
treatment of deciduous teeth depends on the quality
of root canal filling, which is expected to present a
complete fill of the root canal system without extrusion
to the periapical tissues.”® Among different options
used globally, Vitapex® (Neo International, Federal Way,
USA), a premix of calcium hydroxide and iodoform, is
considered the gold standard in filling materials for
primary teeth, with considerable success rates. Among
other features for being an excellent endodontic filling
material, Vitapex® can induce bone formation. Using
syringes with extremely thin plastic injection tips,
the surgeon can easily dispose the paste into more
apical portions of root canals, providing a compact
seal and great filling.”*" However, the major concern
for using Vitapex is that it is not commercialized in
South America and other third-world countries.

In Brazil, the most commonly used root canal
filling material for primary teeth is Guedes Pinto
paste, which is composed of iodoform, prednisolone
acetate, rifamycin sodium, and camphorated
paramonochlorophenol (PMCC).!2%3415 Previous
studies have demonstrated good antimicrobial and
biocompatibility characteristics of the paste; clinical
studies have also demonstrated positive results
with the use of Guedes Pinto. Although the paste
meets several requirements to be considered an
appropriate endodontic filling material for primary
teeth, limitations to its use include the need to be
manipulated right before its use and difficulties
related to its insertion in the root canal 16718

To overcome these challenges, an experimental
formulation based on the original formula of Guedes
Pinto paste was developed (Registered Patent
PI0802256-9, INPI 2018). The new formulation contains
the same active components (iodoform, prednisolone
acetate, rifamycin sodium, and PMCC) but with
addition of new excipients. This experimental paste
is presented in ready-to-use plastic syringes with
thin plastic injection tips.
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Considering the experimental nature of the
product, strong scientific evidence must be built for
its physicochemical properties and quality of root
canal filling. Therefore, in this study, we conducted
physicochemical tests for this experimental paste and
compared the obtained results with those obtained
following the use of Vitapex® paste.

Methodology

A previously trained operator conducted the study
evaluating the physicochemical properties of flow,
radiopacity, pH and solubility, and the quality of root
canal filling of both pastes by using two different
insertion techniques.

Vitapex® and the experimental paste were used
in the present study. Both pastes were presented
in identical ready-to-use plastic syringes with a
considerably long and thin insertion point. To blind
the pastes to the operator, these syringes were named
paste A and paste B, respectively. The physicochemical
properties were tested according to the American
National Standards Institute/American Dental
Association ANSI/ADA 57-2000 specification for
endodontic sealing materials,” which recommends
that the trials must be performed at room temperature
of 23°C £ 2°C.%

Flow

Each 0.5 mL of paste A and paste B were placed in
the center of a glass plate. After 3 min, another glass
plate was placed on the top of the first one, directly
over the paste applying a total weight of 120 mg,
resulting in compression. The set was let to remain
stable for 10 min, after which the smallest and the
largest diameters of each specimen were measured
using a ruler graduated in millimeters. The mean of
the diameters (in mm) was established for each paste.
The test was repeated five times. The ANSI/ADA
standards recommend the flow requirement not to
be less than 17 mm.

Radiopacity

In total, 10 stainless steel ring molds (diameter:
10 £ 0.1 mm; height, 1 £ 0.1 mm) were used. The rings
were placed over a thin glass plate and filled with
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either paste A or paste B. A small sheet of polyester
film was placed over the rings to ensure the paste
thickness of 1 mm. To classify the radiopacity, a 98%
pure aluminum step wedge was used. After filling
the molds, a digital x-ray device and a digital sensor
(Diox and Fit® Microlmagem, Indaiatuba, Brazil)
were used to obtain digital radiographs of each
specimen next to the aluminum scale. The distance
and radiation time were the same for each specimen
(3 cm and 0.04 s, respectively).

The images were analyzed using the Image J®
software (University of Madison, Madison, USA).
The histogram value in gray scale corresponding to
7 mm of aluminum was considered as reference to
calibrate the gray values. Three measurements were
obtained for each specimen, using an area of 20 x 20
pixels for the image of the aluminum scale and for
the image of the paste at three different spots inside
the ring. The test was repeated ten times.

The mean gray value for each sample was
calculated and converted to millimeters of aluminum
(mmALl), by using the correspondent gray value
to 7 mm in the aluminum scale. The ANSI/ADA
standards recommend radiopacity not less than
3 mm of aluminum.

Filling capacity

A total of 120 artificial deciduous teeth
(Denarte®/IM do Brazil, Sdo Paulo, Brazil) were
used in the study: 60 maxillary central incisors
and 60 maxillary first molars. Manufactured using
synthetic resins, the teeth have the external and
internal anatomy of deciduous teeth, beholding an
endodontic cavity filled with red wax that simulates
the pulp tissue. The use of this artificial teeth was
validated in a previous study.” The teeth were
distributed in four groups as follows: Group 1:
30 central incisors filled with the experimental
paste; Group 2: 30 central incisors filled with the
Vitapex paste; Group 3: 30 molars filled with the
experimental paste; Group 4: 30 molars filled with
the Vitapex paste.

Endodontic treatment
To analyze the existence of voids or obstructions
in the canals, initial digital images of all the 120 teeth

were obtained using digital radiographs. If case of
anirregularity, the sample was replaced with a new
one. The images were standardized by placing the
teeth in an epoxy resin mold and using the same
distance and radiation time for all teeth (3 cm and
0.04 s, respectively).

A trained operator completed all the 120
endodontic treatments, in accordance with an
operatory protocol: endodontic access using a
high-speed 1014HL round bur, complemented
with Endo-Z bur (Dentsply Maillefer, Ballaigues,
Switzerland). The working length was established
by introducing a #10 K file into the root canal until
the tip was visualized at the apical foramen. Thus,
it was set as 14 mm to the incisors, 14 mm to the
palatine root, and 13 mm to both vestibular roots of
the molars. Endodontic preparation was performed
using a manual crown-down technique with 2.5%
sodium hypochlorite as an irrigant solution and
light Endo-PTC as a lubricant (Farmécia Férmula
e Acdo, Sao Paulo, Brazil). The apical preparation
was set to a #35 K file for incisors. For molars, #30
K-Flex file on buccal canals and #40 K-Flex file for
palatine canals. Final irrigation was performed
using 2.5% sodium hypochlorite, followed by 17%
EDTA-T (Farmacia Férmula e A¢do). Irrigation was
performed using 30G Navitips (Ultradent, South
Jordan, USA). Subsequently, the root canals were
dried using the capillary tips (Ultradent) and paper
points (Dentsply) before obturation.

Root canal filling

Paste A and paste B were filled in identical plastic
syringes named PASTE A and PASTE B to blind the
operator of the treatment. The teeth were divided
into two subgroups on the basis of paste insertion
method: syringe and tip or lentulo spiral carrier.

Syringe sub-groups: Vitapex insertion tip, which
was used for both paste A and paste B, is thin and
flexible, allowing for a good insertion into root
canals. The operator introduced the tip carefully
inside the root canal until 3 mm prior to the working
length. Next, the material was placed inside the
canal, removing the tip until the canal was fully
filled. The excess material in the pulp chamber was
then cleaned using a cotton pellet. A final digital
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radiograph was taken in the same conditions as
those for the initial radiograph.

Lentulo spiral groups: Paste A and paste B were
inserted in the same manner as were done in the
syringe sub-groups. After canal filling, a #25 lentulo
spiral carrier was placed 3 mm prior to the working
length and activated for 3 s. Next, it was slowly
removed. The excess material in the pulp chamber
was then cleaned with a cotton pellet. A final digital
radiograph was taken in the same conditions as those
for the initial radiograph.

Digital radiography evaluation

The Image ]J® 1.53a software (Wayne Rasband,
NIH, USA) was used for image analysis. Using the
final radiograph, we measured the total area (mm?) of
the root canal. Next, all area of voids or failure in the
filling were individually measured. The percentage
of failure areas were then calculated.

pH and solubility

After filling capacity test, 10 incisors from each
paste group were randomly selected for pH and
solubility tests. Pulp chambers were sealed with
sticky wax and the teeth were weighed in a precision
balance (Mettler Toledo LCC, Columbus, OH, USA).
Next, they were individually immersed in a plastic
tube containing 10 mL of deionized water. After time
intervals of 30 min, 2 h, and 1, 7, 14, and 28 days, the
teeth were removed, weighed, and immersed into
a new plastic tube containing an equal volume of
fresh deionized water. The pH in the solutions was
analyzed using a pH meter (Mettler Toledo LCC).

Statistical analysis

The level of significance was set at 5%, and
all the analyses were performed using the Stata
13.0 software (Stata Corp, College Station, TX,

USA). Normal distribution was verified by using
the Kolmogorov-Smirnov test (with Lilliefors
correction). One-way ANOVA was used for
physicochemical tests, complemented by Tukey
post-hoc test. For statistical analysis of filling capacity,
three-way ANOVA was used, complemented by
Tukey ad-hoc test.

Resulis

Flow test

Both paste A and paste B presented results in
line with the ADA standard n°57 (not <17 mm).
Experimental paste presented a significantly higher
flow than Vitapex® paste (Table).

Radiopacity test

Both paste A and paste B presented values higher
than the minimum stipulated to endodontic filling
materials according to the ADA standard n°57%,
which is 3 mm Al Experimental paste presented a
significantly higher level of radiopacity than Vitapex®
paste (Table).

pH

On comparing all time intervals, we found no
significant differences for each of the paste. Comparing
the pastes, the experimental paste presented a
significantly higher pH than Vitapex® (Table).

Solubility

On comparing all time intervals, we found no
significant differences for each of the paste. The
final period values (28 days) are presented in Table.

Regarding filling capacity, the voids and failure
percentages of all the groups are presented in Figure.
On comparing the pastes for each variable (such as
tooth type and the insertion method), the experimental

Table. Means and standard deviations of radiopacity, flow, pH, and solubility.

Variable Radiopacity (mm Al) Flow (mm) pH (28 days) Solubility 28 days (%)
Vitapex® 4.47 = 0.29 19.6 + 0.42 7.79 £0.17 2.68
Experimental 6.06 = 0.49 25.0 = 0.61 8.19 = 0.18 2.89
ANOVA — Tukey test p < 0.01 p < 0.01 p=0.012 n.s.

n.s.: not significant.
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Figure. Regarding filling capacity, the voids and failure percentages of all groups.

paste presented a significantly lower percentage of
failure than Vitapex (p < 0.01). Three-way ANOVA
demonstrated no significant differences between the
interaction of variables (paste X tooth X insertion
method: p = 0.92).

Discussion

Endodontic treatment of deciduous teeth
continues to be a highly relevant dental procedure
in pediatric dentistry.”> The search for a perfect
filling material encouraged us to investigate a
new root canal filling material. Vitapex® paste is
considered the gold standard in literature.?*2 262728
However, in Brazil, Vitapexis not commercialized
and therefore Guedes-Pinto paste, also an
iodoform-based preparation, is considered a good
alternative. However, Guedes-Pinto paste has
always been associated with handling difficulties
for need of immediate manipulation.”® Therefore,
a new ready-to-use formulation presented in
injection syringes and composed of the same
active components was idealized. In this study, we
investigated the physicochemical characteristics and
quality of root canal filling of this new formulation.

Both paste A and paste B presented radiopacity
and flow values in accordance with the ADA

standard of n°57.” Nevertheless, the experimental
paste demonstrated significantly better results
in radiopacity. Considering that iodoform is the
component responsible for radiopacity in both pastes,”
we believe that the greater proportion of iodoform
in the experimental paste may justify its superiority
in radiopacity results. lodoform constitutes 69.2% of
the experimental paste’s formulation, whereas it
constitutes only 40.4% of Vitapex® formulation, per
manufacturer’s information (NeoDental Chemical
Products Co, Tokyo, Japan). Although higher paste
radiopacity has the advantage of allowing for better
visualization in the radiograph, even in smaller
amounts, it can mask some filling failure. To ensure
this phenomenon does not occur in our sample, we
performed an additional radiograph for each tooth
in a proximal view and if any failure was presented
only in this second view, the percentage was also
recorded. In our study, none of the samples presented
this condition.

Regarding flow capacity, we believe the difference
between the percentages of liquid components of
the pastes may have influenced the results. The
experimental paste comprised PMCC as a liquid
component of the composition and uses Rifocort in
the proportion of 23.8%, which contains polyethylene
glycol as vehicle. Vitapex® has a lower proportion of
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the vehicle (22%) and also the presence of calcium
hydroxide, which is often used to decrease flow in
many endodontic filling materials.> Furthermore,
the vehicle used in Vitapex is silicone oil. Oil
vehicles offer aggregating properties and hinder
solubilization.*® On the contrary, the polyethylene
glycol vehicle used in the experimental paste is a
viscous water-soluble vehicle with better dissociative
properties, which may also justify its better results
in flow capacity.* Although both pastes met the
ANSI/ADA recommendations, it is known that a
higher flow paste would promote a higher filling
capacity. This theory is in agreement with filling
capacity results presented in our study. The pH
and solubility of both pastes did not demonstrate
significant differences at all time periods evaluated.
The pH ranged between 7.6 and 8.4 and solubility at
28 days did not achieve 3% for both pastes.

The dental group of molars presented the
highest percentage of failure in filling capacity.
We believe that anatomical peculiarities of each
dental group contributed greatly to this result. The
internal anatomy of root canals may be considered a
reflection of the external anatomy of the root. Thus,
central incisor canals are generally straighter, and
circular, presenting lesser difficulties during not
only cleaning and shaping but also obturation. The
opposite can be observed in the group of molars,
whose root curvatures and flattening areas are
reflected in narrower channels, para-apical exits,
and other details that often complicate those steps
of endodontic treatment.?>333

Certain details of the adopted methodology should
be considered, such as the use of artificial primary
teeth made of resin. Although these work models
represent an advance in laboratory endodontics,”
they may not perfectly reproduce the natural teeth.
In addition, the wax that fills the endodontic canal of
the artificial primary teeth is difficult to remove and
may have altered, in some cases, the establishment
of working length and filling quality. Some artificial
teeth also offered difficulties accessing the root apex,
presenting lateral exits, obstructions, and voids in
areas near the root canal.

While evaluating the quality of filling provided
by the examined pastes, we must consider that

6 Braz. Oral Res. 2020;34:e089

this is an in vitro study, and in some aspects, this
might have favored the results. For example, there
were no clinical difficulties such as mouth opening
limitations, need for psychological conditioning, or
other possible complications that may often occur
during pediatric treatment.

Vitapex® presented an inferior general result
in filling quality when compared with the
experimental paste. We observed higher failure
rates with Vitapex® use in both the tested dental
groups (incisors and molars) and insertion methods
(syringe or lentulo). This finding could be attributed
to the different formulation of the pastes and their
physicochemical properties. Considering that the
experimental paste presented better flow capacity
than Vitapex, it seems that the experimental paste
presented better filling quality. However, the
obturation of all dental groups was performed in
the same date and in sequence, which may have
involved operator fatigue. Random distribution
of teeth and type of material are indicated in
the performance of other works to overcome this
present limitation.

In contrast to our results, Asokan et al.,*® using
computerized tomography, compared the percentage
of the filled area volume provided by three endodontic
pastes. Vitapex® paste presented superior results
(95% filling of the total root canal volume), compared
to an iodoform-based paste, Metapex (88%), and a
zinc oxide-based paste (84%). Notably, these studies
compared Vitapex® with zinc oxide-based pastes.**3%%
In the present study, the comparison was stablished
between Vitapex® and the experimental paste,
which does not comprise zinc oxide or eugenol in
its formulation, making it difficult to compare our
results with those of earlier studies.

Conclusion

The results for both paste A and paste B were in
accordance with the ADA standards. The experimental
paste presented significant better flow, radiopacity, pH,
and filling quality than Vitapex®. Molars presented
more filling failures than incisors. The insertion
method using syringe and a thin tip was significantly
better than the use of Lentulo spiral carriers.
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