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Objective: This study aimed to compare the effect of blood contamination on the surface microhardness and
void volume of a calcium silicate-based cement, sealer, and a combination of the two (Lid technique) when
used for retrograde filling.

Methods: Thirty mesial roots of extracted human mandibular molars were divided into three groups: iRoot
BP Plus (cement), iRoot SP (sealer), and a combination of the two (Lid technique). The root ends of the teeth
were resected and prepared, and the roots were filled. The void volumes were evaluated using micro-com-
puted tomography. Sixty clear resin replicas were created to assess the microhardness after exposure to phos-
phate-buffered saline and blood; measurements were obtained after 4 and 30 days.

Results: All groups exhibited similar void volumes. The groups retrofilled with iRoot BP Plus and the Lid tech-
nique had higher microhardness values than the iRoot SP group. The iRoot SP group displayed similar micro-
hardness values after exposure to PBS and blood. Blood contamination reduced the microhardness values in
the iRoot BP Plus and Lid technique groups; however, no significant differences were observed between the
measurement times (p=0.203).

Conclusion: In multi-canal roots, the Lid approach is as effective as traditional root-end filling. Blood contami-
nation reduced microhardness emphasizing the significance of handling materials with care during endodon-
tic microsurgery.
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« Mandibular molars retrofilled with either iRoot BP Plus, iRoot SP, or the Lid technique ex-
hibited no difference in void formation, but iRoot BP Plus and Lid technique resulted in
higher microhardness values.

- Blood contamination had a detrimental effect on the surface microhardness of both iRoot
BP Plus and the Lid technique.

+ The Lid technique offers both efficiency and simplicity, making it a practical approach for
retrograde filling in mandibular molars.

INTRODUCTION

Filling root canals with complex anatomies
presents a significant challenge, as remnants
of pulp tissue and debris can impede the
process (1). A study on failed endodontical-

ly treated molars reported that 83% of lower
first molars had isthmuses in their mesial roots
that lacked filling materials (2). Thus, complex
root canal anatomy is one of the most com-
mon causes of endodontic treatment failure
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(3). Endodontic retreatment can be performed using either
a nonsurgical or surgical approach. The surgical method has
evolved from traditional techniques to modern endodontic
microsurgery. This contemporary approach involves resect-
ing the root apex, preparing a root-end cavity, and filling it
with retrograde materials to eliminate any remaining pathol-
ogy within the complex root canal system (4, 5).

Most retrograde filling materials, such as mineral trioxide
aggregate (MTA; Dentsply, Tulsa Dental Specialties, Johnson
City, TN, USA), Biodentine (Septodont, Saint-Maur-des-Fos-
sés, France), and EndoSequence Root Repair Material (ERRM;
Brasseler USA, Savannah, GA, USA), are bioceramics that pos-
sess ideal properties, including biocompatibility, non-tox-
icity, excellent sealing ability (6, 7), low solubility, and the
ability to slightly expand within a suitable environment (8,
9). Most importantly, they support both hard tissue conduc-
tion and induction (10, 11). MTA is currently regarded as the
gold standard material for retrograde filling in endodontic
surgery (12, 13). However, it has notable drawbacks, such as a
prolonged setting time and challenging handling character-
istics (14, 15). In addition, issues such as void formation and
blood contamination can occur when using MTA in molars
with complex root canal anatomies. To address these chal-
lenges, a novel retrograde filling approach known as the “Lid
technique” has been proposed. This technique combines a
calcium silicate-based cement with a calcium silicate-based
sealer and has shown promise in overcoming the limitations
associated with traditional materials (16-19).

During surgical procedures, it is essential to maintain a dry
prepared cavity and achieve effective bleeding control. Nu-
merous studies have reported the adverse effects of blood
contamination on retrograde filling materials. For example,
blood exposure during the setting process can interfere with
the setting reaction and lead to reduced surface microhard-
ness (20, 21). However, other studies have found no significant
differences in gap formation among various retrograde mate-
rials, suggesting that certain materials may be more tolerant
to contamination (22, 23).

According to the literature, void formation and blood con-
tamination can negatively impact the outcomes of end-
odontic treatment (24-26). However, studies evaluating
void volume in teeth retrofilled using the Lid technique
have been limited to single- and two-rooted canals (19, 27).
To date, no research has assessed void volume in molars ret-
rofilled with the Lid technique, nor have any studies investi-
gated the effects of blood contamination on the surface mi-
crohardness of this technique. Therefore, the present study
aimed to compare the void volumes and evaluate the effects
of blood contamination on the surface microhardness of a
calcium silicate-based cement, a calcium silicate-based seal-
er, and their combination (Lid technique) when used as ret-
rograde filling materials in mandibular molars.

MATERIALS AND METHODS
The study protocol was approved by the Human Experimen-
tation Committee of Chiang Mai University, Thailand (proto-
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col number 38/2023) and adhered to the Declaration of Hel-
sinki. The materials used for the retrograde fillings included
a calcium silicate-based cement (ERRM Putty, also known as
iRoot BP Plus; Innovative BioCeramix Inc., Vancouver, Cana-
da) and a calcium silicate-based sealer (iRoot SP; Innovative
BioCeramix Inc.). Sample size calculations were performed
for both the microhardness and void volume evaluations.
With a type | error (a) of 0.05 and a type Il error (3) of 0.20
(80% power), the required sample size was determined to
be 5 specimens per group for void volume assessment and
8 specimens per group for the microhardness test. Conse-
quently, a total of 10 samples per group were used in this
study to ensure adequate statistical power (28-30).

Tooth Preparation

Thirty extracted human mandibular molars were collected
and immediately stored in 0.1% thymol solution. The inclusion
criteria were as follows: mesial roots with two separate root ca-
nals, root curvature of less than 20° (as determined by Schnei-
der’s method (31), and complete root formation. Exclusion
criteria included visible cracks, fractures, or resorption; incom-
plete root formation; and previously treated teeth. The mesial
root length was standardized to 12 mm. Canal patency was
confirmed, and working length was established 1 mm short
of the apex using a size 10 K-file (Dentsply Maillefer, Tulsa, OK,
USA). Canal preparation was performed using rotary nickel-ti-
tanium files (VDW.ROTATETM, VDW GmbH, Munich, Germany)
from size 15/0.04 to 30/0.04 at 300 rpm and 2.3 Ncm torque.
The canals wereirrigated with 17% ethylenediaminetetraacetic
acid (EDTA) followed by 2.5% sodium hypochlorite (NaOClI),
then dried with paper points. The iRoot SP sealer was injected
into the coronal one-third of each canal using a syringe, fol-
lowed by the insertion of matched size 30/0.04 gutta-percha
cones (VDW.ROTATETM Gutta-Percha, VDW GmbH) into the
mesio-buccal and mesio-lingual canals using the single-cone
technique. The gutta-percha cones were trimmed 2 mm below
the canal orifices, and the orifices were sealed with temporary
filling material (Cavit; 3M ESPE, St. Paul, MN, USA). The speci-
mens were then stored in a humidified incubator at 37°C for 7
days to allow complete setting of the sealer.

The specimens were subsequently embedded in self-curing
epoxy resin. The root ends were resected 3 mm perpendicu-
lar to the long axis of the root using a slow-speed saw (Isomet
1000, Buehler, Lake Bluff, IL, USA), followed by a 3-mm root-end
cavity preparation using an ultrasonic tip (AS3D; Satelec, Ac-
teon, Merignac, France). One of the prepared root canals was
scanned to create a three-dimensional (3D) reconstruction, and
60 clear resin replicas were fabricated to serve as retrograde
filling models (Fig. 1). These standardized models were used for
evaluating surface microhardness under both phosphate-buff-
ered saline (PBS) and blood-contaminated conditions.

Sampling

The tooth specimens were randomly assigned to three
groups (n=10 per group): Group 1 was retrofilled with iRoot
BP Plus, Group 2 with iRoot SP, and Group 3 with a combi-
nation of the two materials using the Lid technique. All ret-
rograde procedures were performed under a dental operat-
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Figure 1. Clear resin replicas used for microhardness test. The molds were designed by 3D scanning a prepared

root canal, with the design featuring two root-end cavities containing isthmuses. Each cavity has a depth of 3 mm

ing microscope (DOM; OPMI pico, ZEISS, Jena, Germany) at
40x magnification. The experimental model was designed to
closely simulate clinical conditions (Fig. 2).

In Group 1, iRoot BP Plus was incrementally placed into the root-
end cavity and condensed using a microplugger. In Group 2,
iRoot SP was introduced into the cavity using a sterile 27-gauge
needle. In Group 3 (Lid technique), iRoot SP was first intro-
duced to the root-end cavity, followed by iRoot BP Plus placed
at the outermost portion and condensed with a microplugger.
Radiographs were taken to assess the condensation quality of
the retrograde filling materials. The filled specimens were then
placed in cylindrical plastic tubes containing PBS and stored in
a humidified incubator at 37°C for 7 days. Following the storage
period, the specimens underwent micro-computed tomogra-
phy (micro-CT) (Skyscan 1275; Bruker, Kontich, Belgium) scan-
ning to evaluate the void volume within the retrograde fillings.

Void Volume Evaluation

The evaluation method followed the protocol described in a
previous study (16). The 30 tooth specimens were scanned us-
ing a micro-CT scanner to assess void volume. Scanning pa-
rameters included an X-ray source voltage of 55 kV, a source
current of 125 pA, a pixel size of 9 um, a 1 mm thick aluminum
filter, an exposure time of 500 milliseconds, and a rotation step
of 0.2°. The scanned images were reconstructed into three-di-
mensional (3D) models using CTvox software (Bruker) (Fig. 3).
Voids within the retrograde filling materials and at the inter-
face between the materials and root canal walls were analyzed
using CTAn software (version 1.18.1, Bruker). The percentage of
total void volume was calculated using the following equation:

Total void volumex100

% Total void volume = -
Retrograde cavity volume

Surface Microhardness Test

The 60 resin replicas were divided into three groups based on the
retrograde filling materials used (n=20 per group). Each group
was further subdivided into two subgroups (n=10 each) accord-
ing to the experimental conditions: Subgroup A was exposed to
PBS, and Subgroup B was exposed to human blood, which was
obtained by phlebotomy from one of the authors. All specimens
were stored in a humidified incubator at 37°C for 30 days.

After 4 days, the surfaces of the 60 resin replicas exposed to
either PBS or blood were wet-polished using silicon carbide

Retrograde
filling
material

Cylindrical plastic tube

Figure 2. The experimental model. The specimens were adhered to cylin-
drical plastic tubes. Root-end cavities were prepared with an ultrasonic
tip and subsequently filled with retrograde filling materials. The proce-
dure was pencormed using a retrograde approach throughout the study

sandpaper with grits of 1000, 1200, and 2000 for 30 seconds.
The Vickers microhardness test was then performed for each
subgroup using a microhardness tester (STARTECH SMV-1000,
Guiyang Sunproc International Trade Co., Ltd., Guiyang, China)
with a 100 g load applied for 15 seconds. Four indentations
were randomly made on each specimen—specifically at the
main canals and isthmus—ensuring that indentations were
adequately spaced from each other and from the specimen’s
border to avoid interference. The Vickers hardness (HV) was
calculated based upon the equation below, in accordance
with the method described in the previous study (28).

F
HV=1 854)(?

Fis the applied force (Kgf), and d is the area of the indentation
(mm). After the initial testing, the specimens were returned to
cylindrical plastic tubes filled with PBS and stored in a humid-
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Figure 3. 3D and cross-sectional raw images of retrograde filling material in mandibular first molar (left and

center) reconstructed using NRecon software (SkyScan NRecon v.2; Bruker). The white arrow represents void
within the material. The binary images (right) were created using CTAn (CTAn v.118.1; Bruker). The yellow arrow

represents void (black) within the material (white)

ified incubator at 37°C. After a 30-day storage period, the mi-
crohardness values were re-evaluated using the same Vickers
microhardness testing protocol as previously described.

Statistical Analysis

The data were statistically analyzed using SPSS software ver-
sion 26.0 (SPSS Inc,, Chicago, IL, USA). One-way analysis of
variance was used to identify significant differences among
groups and a post-hoc test was used to compare data between
each subgroup at a significance level of p<0.05. An interaction
effect between three variables was determined by three-way
analysis of variance. Intra-observer reliability was assessed us-
ing Cohen'’s Kappa coefficient.

RESULTS

Void Volume Evaluation

All groups exhibited comparable percentages of total void
volume, with no statistically significant differences observed
among them (p=0.998; Fig. 4).

Surface Microhardness Test

The results indicated that the groups retrofilled with iRoot BP
Plus and the Lid technique demonstrated higher microhard-
ness values compared to the group retrofilled with iRoot SP.
However, no significant difference was found between the
iRoot BP Plus and Lid technique groups (p=0.081). The mi-
crohardness values of iRoot SP remained consistent across all
conditions. Moreover, blood contamination significantly re-
duced the microhardness values in the iRoot BP Plus and Lid
technique groups (p<0.001). No significant differences were
observed between the measurements taken at 4 and 30 days
in any of the experimental groups (p=0.203; Fig. 5).

DISCUSSION

The difficulty in eliminating biofilm within complex root canal
anatomies—such as the presence of an isthmus—is a com-
mon cause of endodontic treatment failure, primarily due to
reinfection and microleakage (3), which can ultimately ne-
cessitate retreatment or extraction. To address this challenge,
mandibular first molars with isthmuses were selected for this
study to compare the void volumes associated with different
calcium silicate-based materials used for retrograde fillings.

12 4

[
o =
1 L

Total void volume (%)
(=)
L

iRoot BP plus iRoot SP Lid technique

Figure 4. Graph demonstrates mean and standard error (SE) of the
percentages of total void volume of calcium silicate-based cement, seal-
er, and their combination (Lid technique) when using as retrograde fill-

ings in mandibular first molars (p<0.05)

The application of iRoot SP sealer prior to iRoot BP Plus, as in
the Lid technique, may enhance the adaptation of the retro-
grade material to the dentinal walls by generating hydrau-
lic condensation pressure. However, in the present study, all
tooth specimens demonstrated similar total void volumes,
regardless of the isthmus length or the type of retrograde fill-
ing material used. This finding may be attributed to the incre-
mental condensation technique employed with iRoot BP Plus,
as well as the favorable flow properties of the iRoot SP sealer,
which likely facilitated thorough distribution of the material
within the prepared root-end cavity.

The findings of this study are consistent with those report-
ed by Jung et al. (16), who found no significant difference
in void volume between groups retrofilled with calcium
silicate-based cement alone and those retrofilled using a
combination of calcium silicate cement and a calcium sil-
icate-based sealer. In contrast, Dong et al. (32) reported a
significantly lower void fraction in the group retrofilled us-
ing the Lid technique compared to the group retrofilled
with iRoot BP Plus alone. The discrepancies in findings may
be attributed to several factors, including tooth type, sam-
ple size differences, and variations in methodology. In our
study, mandibular molars with two separate canals were
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Figure 5. Graph demonstrates mean and standard error (SE) of the surface microhardness values of different

calcium silicate-based materials after 4-day and 30-day settings in PBS and blood. Different letters indicate

significant differences among the experimental groups (p<0.05)

PBS: Phosphate-buffered saline

used, whereas Dong et al. (32) utilized lower premolars.
The presence of an isthmus in molars adds complexity to
the procedure compared to lower premolars. Additionally,
our experimental model was designed to simulate clinical
conditions, necessitating indirect root-end filling using a mi-
cro-mirror. Given the complexity of the procedure, materials
were carefully applied under 40x magnification using a den-
tal operating microscope. However, our study had a smaller
sample size than that of Dong et al. (32), which may have
also contributed to the differences in results.

Evaluation of the void volume using micro-CT was recently
recommended in some studies (33, 34). Micro-CT can be used
to inspect the entire depth of the root structure to visualize
and evaluate the material and void volume. The technique is
noninvasive, repeatable, and enables 3D reconstruction with
high resolution. Despite these advantages, micro-CT has cer-
tain limitations. Artifacts caused by radiopaque materials can
interfere with image quality, and the accuracy of density mea-
surements depends heavily on scanning parameters such as
voltage, current, and filter settings (35, 36). Additionally, dis-
tinguishing between materials with similar densities remains
a significant challenge, potentially affecting the accuracy of
void detection and material differentiation.

The second part of this study aimed to compare the effects of
blood contamination on the surface microhardness of materi-
als used in different retrograde filling techniques. Resin molds
were used instead of natural teeth to eliminate potential con-
founding factors, such as variations in cavity shape or material
thickness, that could influence microhardness measurements.
The results demonstrated that blood contamination adversely
affected the surface microhardness of bioceramic materials,

similar to the previous findings (20, 21). Three-way ANOVA re-
vealed a significant interaction between the type of solution in
which the material was immersed and the type of retrograde
filling material used. Several studies reported similar micro-
hardness results when calcium silicate-based cements were
exposed to an acidic environment (37-39). Blood and acid
could interfere with the hydration reaction and crystal forma-
tion and negatively affect microhardness. This highlights the
importance of minimizing blood contamination during retro-
grade filling procedures to preserve the integrity of the mate-
rials and optimize treatment outcomes.

In the present study, the iRoot SP group exhibited the lowest
surface microhardness values, with no significant differences
between the 4-day and 30-day measurements or between
exposure to PBS and blood. This outcome may be attributed
to the material’s inherently low mechanical strength, which,
when exposed to fluids, could result in incomplete setting.
Previous studies have reported that iRoot SP sealer is prone
to washout and dissolution when immersed in fluid environ-
ments, further compromising its physical properties (40, 41).
The washout of the root-end filling was not assessed, as it was
beyond the scope of this study. Additionally, prior to micro-
hardness testing, the specimens were polished in accordance
with the standard protocol for this methodology. The washout
of material may be related to material’s properties such as sur-
face microhardness and solubility. Future studies are needed
to confirm this hypothesis. In the Lid technique group, iRoot
SP was introduced into the root-end cavity first, followed by
the application of iRoot BP Plus at the end of the cavity and
plugging with a microplugger. As the materials were compact-
ed, any excess sealer was pushed to the surface. Consequently,
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the indentations made at random could penetrate either the
iRoot BP Plus or the iRoot SP sealer. For that reason, the study
was worked with the assumption that some indentations in
the Lid technique group may have a decrease in microhard-
ness values due to the penetration of the diamond indenter
into the sealer. However, in the current study, the iRoot BP Plus
and Lid technique groups demonstrated superior microhard-
ness values, with no significant difference.

The final setting time of iRoot SP has been reported to exceed
72 hours (42), while iRoot BP Plus sets in approximately 4 hours
(28). Therefore, the fourth day of the experiment was chosen
to ensure that all materials had fully set. Studies by Guo et al.
(28) and Bayraktar et al. (43) have reported that the microhard-
ness of ERRM putty increases over a 30-day period and that
these materials may require approximately 7-10 days for com-
plete setting. Based on these findings, we selected an extend-
ed storage period of 30 days to ensure complete setting and to
allow for potential increases in material hardness. Our findings
indicated a slight, though statistically non-significant, increase
in microhardness over time for both the iRoot BP Plus and Lid
technique groups. This result is in agreement with the study
by Nekoofar et al. (20), which found no significant difference
in the microhardness of MTA over an extended period from 4
to 180 days. As current evidence on the long-term behavior of
set bioceramic materials remains limited, further studies are
warranted to provide a more comprehensive understanding
of their durability and performance over time.

The methodology used in this study was designed to simulate
endodontic microsurgery in the clinical context. During the
procedures, the prepared cavity may come into direct contact
with blood or contain voids within the retrograde filling mate-
rials. Our results demonstrated that both the iRoot BP Plus and
Lid technique groups achieved superior filling quality com-
pared to the group retrofilled with iRoot SP sealer alone. The
use of iRoot SP sealer alone for retrograde filling poses tech-
nical difficulties, particularly in molars, where it is necessary
to bend the syringe tip and position it as close as possible to
the root canal filling to minimize void formation. However, this
technique also offered the advantage of the shortest work-
ing time, as the injectable, premixed sealer rapidly filled the
retrocavity within seconds. A specially designed needle may
be necessary to optimize the bioceramic sealer’s application
into the retrograde cavity. However, our findings strongly in-
dicated that the use of iRoot SP sealer alone as a retrograde
filling material is not recommended in clinical practice. In con-
trast, retrofilling with iRoot BP Plus alone required the longest
working time, as the putty needed to be incrementally placed
throughout the entire length of the retrocavity. Extended
working time may increase the risk of blood contamination.
This highlights the importance of effective bleeding control
during the placement of bioceramic putty to ensure optimal
material integrity and clinical outcomes. Based on the findings
of this study, we recommend the use of the Lid technique in
cases where time constraints are a concern or where there is
an increased risk of contamination due to significant bleeding
during the surgical procedure. This technique may help reduce
operating time and potentially enhance treatment outcomes.
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This study was designed to introduce blood contamination
only once after the completion of retrograde filling, aiming
to evaluate its effect on the surface microhardness of ret-
rograde filling materials in both the short and long term,
representing incompletely and fully set materials. In clinical
scenarios, the prepared cavity may come into direct con-
tact with blood both before and after the placement of the
retrograde filling material due to inadequate hemostasis or
patient-related factors, such as systemic medications that
impair proper hemostasis. As a result, a blood clot may ad-
here to the canal wall or material surface, potentially inter-
fering with the material’s setting process. Therefore, thor-
ough preoperative evaluation and effective hemostasis are
essential. Furthermore, although real human blood and PBS
were used in this study to simulate the oral environment, it
remains an ex vivo study and cannot fully replicate clinical
conditions. Future clinical studies are necessary to validate
and expand upon these findings.

The success of endodontic treatment can be influenced by a
variety of factors. Although a recent study has suggested that
the long-term dimensional stability of endodontic sealers is
the primary determinant of treatment outcomes (44), evalu-
ating parameters such as void volume and surface microhard-
ness remains valuable. These assessments provide insight into
the filling quality and allow for meaningful comparisons be-
tween different retrograde filling techniques.

CONCLUSION

Retrofilling with iRoot SP, iRoot BP Plus, or Lid technique re-
sulted in similar void volumes. Both iRoot BP Plus and Lid
technique provided higher microhardness values than iRoot
SP alone. Blood contamination had a negative impact on the
microhardness of the iRoot BP Plus and Lid technique. Our re-
search findings support the efficacy of the Lid technique and
highlight the importance of careful manipulation of root-end
filling materials, especially in mandibular molars.
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