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Abstract
This study aimed to analyse the effect of root-end resection on the sealing ability of orthograde apical plugs of three root-
end filling materials (MTA Repair HP, Biodentine, MTA Plus) using the bacterial leakage method and compare it with the 
retrograde root-end filling technique. Eighty-four extracted mandibular premolar teeth with single root and single straight 
canals were selected and randomly divided into two main experimental groups (n = 36) depending on the apical plug place-
ment technique and a control: Group I: orthograde technique, followed by root-end resection; Group II: retrograde root-end 
filling technique; one control Group III (n = 12): obturation with gutta-percha, followed by root-end resection. Experimental 
groups were further subdivided into three subgroups A, B, and C (n = 12) depending on the three different root-end filling 
materials used. An apical plug of 3 mm thickness was obtained in both the experimental groups. The apical sealing ability 
was evaluated with the dual-chamber bacterial leakage method. Statistical analysis was performed using the Kaplan–Meier 
survival analysis test. By the end of 30 days, the occurrence of turbidity indicating bacterial leakage was 75% in MTA 
Repair HP, 83.3% in Biodentine, and 91.7% in MTA Plus samples. This trend of turbidity was similar in both orthograde and 
retrograde technique. The control group showed turbidity in all the samples (100%). More MTA Repair HP samples (25%) 
survived the 30 days observation period with no bacterial leakage compared to Biodentine (16.7%) and MTA Plus (8.3%). 
The sealing ability of already set root-end filling materials placed through the orthograde technique did not deteriorate after 
root-end resection. Also among three root-end filling materials, MTA Repair HP presented the lowest bacterial microleakage 
followed by Biodentine and MTA Plus, respectively.
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Introduction

Microorganisms, along with their secondary products, have 
the potential to invade through the filled canals in the tooth 
and are detrimental to periradicular tissue [1]. These per-
tinacious microorganisms are predominantly accountable 
for the failure of root canal treatment [2]. In such cases, 
periradicular surgery is considered an alternative to facili-
tate healing. This procedure prevents bacterial leakage and 
further spread of infection in the root canal using root-end 
filling material [3].

The periradicular surgery includes thorough surgi-
cal debridement of pathological tissue existing in the 
periradicular area, resection of root apex, root-end cav-
ity preparation, and placement of filling material at the 
root end to seal the apical aspect of the root canals [4]. 
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Some of the challenges with the retrograde root-end filling 
technique are that during apical surgery, there might be 
a potential problem regarding contamination of root-end 
preparation by blood, medicaments, or saliva, which tends 
to wash off the root-end filling material. Also, this may 
affect the ability of a material to set correctly and, more 
importantly, maintain an adequate seal [2]. Also, root-
end cavity preparation and restoration become difficult in 
cases with poor accessibility. Hence, an alternate method 
of orthograde placing of the root-end filling material can 
be adapted to overcome these problems.

In the orthograde technique, the need for root-end apical 
preparation and filling is eliminated, which makes the proce-
dure more practical and systematic compared to the previous 
methods when a definitive need for periradicular surgery 
emerges. The orthograde technique simplifies the process 
wherein the clinician may resect the end portion of the root 
and expose the already set material rather than placing new 
root-end filling material through a retrograde approach [5]. 
This way, root-end cavity preparation is no longer required, 
so the chances of microcrack formation are also less in the 
orthograde technique than in the retrograde root-end filling 
technique. Another advantage of the orthograde technique 
is that it needs less vasoconstrictor local anaesthetics (which 
terminates bleeding during surgery to make it effortless to 
place root-end filling material), and therefore indicated in 
patients with vasoconstrictors contraindication [6].

The orthograde technique is an excellent substitute for 
the retrograde root-end filling technique in the case of per-
iradicular surgeries because the orthograde method is more 
efficient, simplified, and performed faster. However, there 
are some concerns, one of which is an alteration of the seal 
of the previously set orthograde material at the time of root-
end resection [1, 5].

In the present study, the bacterial leakage method was 
used to evaluate and compare the sealing ability, as it is 
considered most relevant biologically with maximum clini-
cal simulation. It mimics the bacterial penetration through 
the entire portion of the root-end filling material, which is 
affected by many factors, including pH, temperature, etc.

Root-end resection following the orthograde filling 
might alter the apical seal and cause microleakage, lead-
ing to failure of root canal treatment. Microleakage after 
surgical endodontic treatment is a complex subject due to 
the influence of various components, which includes: tech-
niques used for the root-end filling, the physical as well as 
the chemical properties of materials used, apical root-end 
resection, and thickness of the root-end cavity [7].

Hence, the aim was to analyse the effect of root-end 
resection on the sealing ability of orthograde apical plugs 
of three root-end filling materials (MTA Plus, MTA Repair 
HP, and Biodentine) using the bacterial leakage method and 
compare it with the retrograde root-end filling technique.

Null hypothesis

There will be no difference in the marginal adaptation of 
orthograde apical plugs after root-end resection and ret-
rogradely placed root-end filling material.

Materials and method

Eighty-four extracted mandibular premolar teeth with a 
single root, straight canals without cracks, caries, restora-
tion, and resorption were selected for this in vitro study. 
Freshly extracted teeth were immersed in 0.5% sodium 
hypochlorite solution for about 1 h to eliminate organic 
materials from the root surfaces. Samples were then stored 
in physiologic saline to keep them moist before and during 
the experiment. Samples were randomly divided into two 
main experimental groups and one control group: Group 
I: orthograde technique, followed by root-end resection; 
Group II: retrograde technique; control Group III (n = 12): 
obturation with gutta-percha followed by root-end resec-
tion, depending on the methods of root-end filling. 
Experimental groups were further subdivided into three 
subgroups (n = 12) A: MTA Repair HP (Angelus Ltd. Bra-
zil), B: Biodentine (Septodont Ltd, France), C: MTA Plus 
(Prevest Denpro Ltd. India), depending on the materials 
used (Fig. 1).

Fig. 1  Distribution of samples according to the different groups
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Sample preparation

The root length of each tooth was standardized to 15 ± 1 mm 
from the apex using a vernier calliper (Mitutoyo, Japan). 
It was decoronated using a diamond disc in a high-speed 
handpiece with water coolant. The standard access open-
ing was prepared, and the working length was obtained by 
inserting #10K-file (Mani, India) into the canal until it was 
visible at the apical foramen and subtracting 1 mm from the 
respective value. The working length was confirmed using a 
digital radiograph. All samples were then instrumented to an 
ISO size of #40K-file (Mani, India) till working length, and 
the coronal portion was flared using #2 Gates–Glidden drills 
(Mani, India) till the coronal one-third of the root. Between 
instrumentation, irrigation was done using 1 mL of 5.25% 
sodium hypochlorite (Neelkanth, India), and the smear layer 
was removed with 1 mL of 17% EDTA (META BIOMED 
CO.Ltd, Korea), followed by 3 mL of sodium hypochlorite. 
Sterile paper point (Dentsply, USA) was used to dry the root 
canals after instrumentation.

For the orthograde technique

In experimental groups I.A., I.B., and I.C., the respective 
root-end filling materials were mixed as per the manufac-
turer’s instructions and placed into the canal from an ortho-
grade approach using a messing gun (GDC, India). Materi-
als were condensed with endodontic pluggers (GDC, India) 
to create a 5 ± 1 mm-thick apical plug. Void-free material 
placement and 5 mm apical plug thickness were ensured 
using digital radiographs. The rest of the canal space was 
left unfilled, and a moistened paper point was placed into 
it such that the paper point was in contact with the materi-
als. Samples were stored in an incubator (Bioline, India) at 
37 °C for 48 h to allow the material to set completely. All the 
samples of Group I (I.A., I.B., I.C.) were then subjected to 
root-end resection of 3 mm at approximately 90° to the long 
axis of the tooth using Endo-Z bur (Dentsply, USA), leaving 
a 3 mm apical plug of root-end filling materials.

For retrograde root‑end filling technique

The apical 3 mm of the root apex of each sample from Group 
II (II.A, II.B, II.C) was resected at approximately 90° to the 
long axis of the tooth using Endo-Z bur (Dentsply, USA) 
and class I root-end cavities were prepared to a depth of 
3 mm using an ultrasonic tip (ProUltra Surgical retro tips, 
Dentsply, USA) under 5× magnification. To facilitate proper 
placement of root-end filling materials, an intracanal plug of 
gutta-percha cone (Dentsply, USA) was placed as a matrix 
3 mm away from the root apex against which root-end filling 
materials were condensed. This was later confirmed using 
a periodontal probe (GDC, India) and digital radiographs. 

Canals were dried with paper points before placement of 
root-end filling materials. Root-end filling materials were 
mixed as per the manufacturer’s instructions and placed into 
the root-end cavity with a messing gun (GDC, India). They 
were condensed with endodontic pluggers (GDC, India). 
The remaining canal space was left unfilled, and a moistened 
paper was placed inside it. The samples were then stored in 
an incubator at 37 °C for 48 h at 100% humidity to allow the 
material to set completely.

For control group

The root canal was obturated with gutta-percha (Dentsply, 
USA) point and A.H. Plus sealer (Dentsply India). After 
obturation, 3 mm of root apex was resected at approximately 
90° to the long axis of the tooth using Endo-Z bur (Dentsply, 
USA), and gutta-percha was burnished.

Nail varnish (Elite99, China) was applied to the sample’s 
surface in two layers except for the resected apex and access 
cavity. This was to prevent bacterial microleakage from the 
lateral canals.

Bacterial microleakage

Dual-chamber anaerobic bacteria model was developed by 
modifying the technique introduced by Torabinejad et al. 
in 1990 to assess bacterial leakage [8]. The upper cham-
ber was assembled by cutting the 5 mm tip of an Eppen-
dorf tube (Sigma-Aldrich, India) and introducing sam-
ples inside the tubes until 2–3 mm of the roots protruded 
through the end. Sticky wax was used to seal the junction 
between the tube and root so that leakage other than the 
canal could be prevented. The assembled apparatus was 
gas sterilized using ethylene oxide for an 8-h cycle. The 
lower chamber of the bacterial leakage model comprised 
sterile disposable culture bottles containing 10 mL of 
sterile brain heart infusion (BHI) broth. The upper cham-
ber was inserted into the culture tubes (lower chamber) 
under aseptic conditions such that a minimum of 2–3 mm 
of root apex was immersed in BHI broth. The junction 
between the Eppendorf tube and culture tubes was sealed 
with Parafilm tapes (Fig. 2). Two millimetres of BHI 
broth was inoculated with 9 × 108 CFU/mL (McFarland 
no. 3) of Enterococcus (E.) faecalis (ATCC 29212) to 
form a bacterial suspension. Two to three drops of this 
bacterial suspension were added to the upper chamber of 
the bacterial leakage model every second day. The lower 
chamber was observed for turbidity of the broth using 
McFarland standard set (Himedia Lab., India), which 
indicated bacterial growth. The day of McFarland no. 3 
turbidity was recorded, and the experiment was conducted 
for 30 days. A sample was taken from the culture bottle 
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and cultivated to confirm the purity of E. faecalis in BHI 
broth. The samples with no turbidity on the 30th day of 
the test were also cultivated to confirm the absence of 
microorganisms.

Statistical analysis of the data was accomplished using 
the Kaplan–Meier survival analysis test. A probability 
value of less than 0.05 was considered to be significant.

Results

By the end of 30 days, the occurrence of turbidity indicat-
ing bacterial leakage was 75% in MTA Repair HP, 83.3% in 
Biodentine, and 91.7% in MTA Plus samples. This trend of 
turbidity was similar in both orthograde and retrograde root-
end filling techniques. The control group showed turbidity 
in all the samples (100%). More MTA Repair HP samples 
(25%) survived the 30 days observation period with no bac-
terial leakage compared to Biodentine (16.7%) and MTA 
Plus (8.3%) (Fig. 3).

The average time for bacterial leakage in different materi-
als in orthograde and retrograde root-end filling techniques 
was compared using Kaplan–Meier survival analysis and 
survival plot. The log-rank estimation indicated that the 
time required for the turbidity to occur in both the ortho-
grade and retrograde groups was statistically significantly 
different (X2 = 128.27.52, p < 0.001) compared to the control 
group (Table 1). Pairwise comparison of the average days 
for bacterial leakage between the orthograde and retrograde 
groups was made using a post hoc log-rank test. No statisti-
cally significant difference was observed between the experi-
mental groups (p > 0.05) for all materials. MTA Repair HP 
in the orthograde techniques showed bacterial leakage in 
the median of 16th day compared to the median of 17th 
day by the retrograde root-end filling techniques (p > 0.05). 

Fig. 2  Bacterial leakage model with a schematic image

Fig. 3  Frequency of bacterial 
leakage among three different 
materials used as apical plugs 
through orthograde and retro-
grade root-end filling technique
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Similarly, MTA Plus in the orthograde techniques showed 
bacterial leakage in the median of 8th day compared to a 
median of 7th day by the retrograde root-end filling tech-
niques (p > 0.05). Biodentine showed bacterial leakage in the 
median of 8th day by both techniques (p > 0.05). Survival 
tests showed distributions of survival rates were the same in 
all experimental groups (Fig. 4).

Discussion

The success rate of root canal treatment is 53–98%, while it 
reduces in retreatment cases and cases exhibiting a periapical 
pathosis [9]. If periapical pathosis persists or non-surgical 

endodontic treatment is not successful or impractical, endo-
dontic surgery is indicated. In the present study, an evalua-
tion was performed to compare whether there would be any 
discrepancy in the apical seal when the root-end filling mate-
rials were placed through the orthograde or the retrograde 
approach during periradicular surgery using the bacterial 
leakage method.

The sealing ability of root-end filling materials is one of 
the crucial factors responsible for microleakage. Numerous 
in vitro types of research have been taken into consideration 
for the evaluation of the sealing ability of root-end filling 
materials, such as dye leakage method, scanning electron 
microscopy, electrochemical methods, fluid filtration tech-
niques, radioisotopes, bacterial leakage method, and more 

Table 1  Comparison of average 
days for bacterial leakage 
among three different materials 
used as apical plugs through 
both orthograde and retrograde 
approach

Test: Kaplan–Meier survival analysis test
S significant; p < 0.05

Group Mean (days for 
turbidity)

Median (days for 
turbidity)

Log rank (Mantel–Cox)

Chi-square df Sig

Orthograde approach
 1A MTA Repair HP 19.0 16.0 128.27 6 0.001 (S)
 1B Biodentine 15.0 13.0
 1C MTAplus 9.3 8.0

Retrograde approach
 2A MTA Repair HP 18.8 17.0
 2B Biodentine 15.3 13.0
 2C MTAplus 9.16 7.0

Control 2.66 3.0
Overall 11.5 8.0

Fig. 4  Survival analysis plot 
comparing average days for 
bacterial leakage among three 
different materials used as api-
cal plugs through orthograde 
and retrograde root-end filling 
technique
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recently micro-computed tomography analysis. Micro-
computed tomography analysis is a non-invasive three-
dimensional imaging technique used to measure the voids 
in apical plugs and assess the sealing ability of the root-end 
filling materials.

In the present study, the bacterial leakage method was 
used as it is clinically and biologically relevant [10]. Also, 
it helps in the exact measurement of bacterial penetration 
through the material and access the sealing ability of the 
entire portion. According to Barthel, different factors such 
as ion charge, pH, and temperature influence bacteria pen-
etration through the material [11]. Hence, the bacterial leak-
age model was chosen for better simulation of the clinical 
condition.

The rationale for using E. faecalis is that these are most 
commonly isolated from secondary root canal infection. 
These bacteria are considered endodontic pathogens due to 
their high incidence in filled root canals and their resistance 
to various drugs [1, 3].

In the present study, a concentration of 0.5% sodium 
hypochlorite was used to clean the root surface of a freshly 
extracted sample tooth for its antibacterial and organic tissue 
disintegration properties. Studies have shown that a higher 
concentration of sodium hypochlorite would affect the physi-
cal and mechanical properties of the tooth. According to 
Sim et al., 5.25% of sodium hypochlorite reduces dentine's 
flexural strength and elastic modulus [12]. Hence, a lower 
concentration was used for its minimal effect on the physical 
property of the tooth and to achieve a desirable debridement 
effect.

Intracanal delivery technique for apical barrier placement 
plays a critical role in its sealing ability and the root-end 
filling material [13]. Thus, in the present study, for the ret-
rograde root-end filling technique, root-end filling material 
was well condensed against a gutta-percha matrix which 
helps in better visualization and adaptation of the material. 
In the orthograde technique, samples were flared coronally 
to increase accessibility to the apical part, which will help 
to place the material in an appropriate place and condense 
it well, followed by root-end resection.

Canals were left unfilled in the experimental group, 
where apical plugs of root-end filling materials were placed. 
Gutta-percha root filling was not performed in these groups 
to avoid interfering with the sealing ability of the apical 
plugs and to accurately measure and compare the absolute 
microleakage through root-end filling materials. This tech-
nique is in concurrence with Hong et al. [14]. However, 
a moist paper point was kept inside the canals in contact 
with materials, as moisture is required to set mineral tri-
oxide aggregate properly. In the control group, the canals 
were filled with gutta-percha, followed by root-end resection 
without any root-end filling to assess the sealing ability of 
gutta-percha as a material.

In the current research, 3 mm of root apex was resected in 
both techniques. Kim et al. stated that at least 3 mm resec-
tion of root apex would lead to a 98% reduction of apical 
ramification and 93% of lateral canals. Also, it will leave 
almost 7–9 mm of root length required for sufficient strength 
and stability to reduce the chance of reinfection [15]. Root-
end resection was done at approximately 90° to the tooth’s 
long axis to minimize the root end’s beveling. The root-end 
resection is better to be done perpendicular to the long axis 
of the tooth from a biological perspective [16]. Minimal 
bevel (<10°) will lead to less exposure of dentine, require 
small osteotomy size, and minimal loss of buccal plate dur-
ing microendodontic surgery. Also, it will have a lesser dan-
ger of periodontal communication and lingual perforation. In 
addition to the advantages mentioned above, it will also help 
quickly identify canals [15]. Microleakage increases with 
an increase in the slope angle due to more exposed dentinal 
tubules in the resected apical root [17].

The thickness of root-end filling material plays a vital role 
in its sealing ability. An apical plug thickness of 2–5 mm 
provides an effective apical seal [7, 18]. As the thickness 
increases, the resistance to leakage also increases [5]. In the 
present study, a 3 mm thickness of apical plug was selected 
since ultrasonic tips used for the root-end preparation were 
3 mm in height, and the thickness was kept the same for both 
techniques to assimilate all the groups. A similar technique 
has been used by Moradi et al. [1].

In the present study, Pro Ultra Surgical ultrasonic retro 
tips (Dentsply, USA), zirconia-coated tips, were used for 
class I cavity preparation. Ultrasonic tips produce deeper 
and clean root-end cavities than burs and ultimately help in 
the retention of filling material and proper disinfection [19]. 
The class I cavity prepared with the ultrasonic tip is more 
centred in the canal, the operator has superior control, and 
there are reduced perforation chances [20]. Also, these tips 
are active and remove the intracanal filling material easily. 
The cavosurface produced by these tips is slightly rough, 
which helps better adherance to the root-end filling material. 
One of the advantages of zirconium-coated tips is its narrow 
diameter, as zirconium nitride is processed into the metal 
rather than adhered superficially over the tips [21].

An observation period of 30 days was selected depending 
on the results of several similar studies where most samples 
showed microleakage in the first 5–10 days [1]. Montel-
lano et al. also reported similar results over 30 days, where 
approximately all the samples showed microleakage in the 
first 3 days [2]. However, Al-Hezaimi et al. obturated the 
entire canal with root-end filling material, and microleakage 
was observed after 42 days. This may be due to the increased 
thickness of the material [22].

In the present study, the sealing ability of three root-end 
filling materials, MTA Plus (Prevest Denpro Ltd., India), 
MTA Repair HP (Angelus Ltd., Brazil), and Biodentine 
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(Septodont Ltd., France), placed as an apical plug by both 
orthograde and retrograde root-end filling techniques was 
compared. A statistically significant difference was found 
between MTA Repair HP, Biodentine, and MTA Plus root-
end filling material (p < 0.05); the MTA Repair HP showed 
the lowest bacterial leakage, followed by Biodentine and 
MTA Plus, respectively. High plasticity and the presence of 
calcium tungstate radio opacifier instead of bismuth oxide 
could be the attributing factor for better leakage resistance of 
MTA Repair HP. High plasticity improves its marginal adap-
tation to the root walls and decreases microleakage. Along 
with it, the higher release of calcium ions from the calcium 
tungstate during the initial stage promotes resistance of the 
material and prevents bacterial leakage [23].

This study showed no statistically significant difference 
between the sealing ability of both the techniques (p > 0.05) 
for all three root-end filling materials. Similar results were 
shown by many authors, including Moradi et al., who sug-
gested no difference in the sealing ability of orthograde 
MTA and CEM plugs after root-end resection with retro-
grade MTA root-end filling [1].

Also, Andelin et al. declared that once MTA is set, root-
end resection does not alter its sealing ability [24]. Similarly, 
Habibi et al., through their in vivo study on cats, showed no 
difference in the healing process of set and fresh MTA [6]. 
Hence, the results of this study showed that placing root-end 
filling material in an orthograde manner and then resecting 
the rigid material does not necessarily disturb the apical seal, 
in agreement with Yildirim et al. [7] and Milani et al. [25].

Conclusion

The study found that the sealing ability of already set root-
end filling materials placed through the orthograde approach 
did not deteriorate after root-end resection. This suggests 
that the orthograde technique, which involves placing the 
apical plug from the coronal aspect of the tooth, can be regu-
larly practised as it is a simplified technique compared to the 
retrograde root-end filling technique. Furthermore, the study 
compared the sealing abilities of three different root-end fill-
ing materials: MTA Repair HP, Biodentine, and MTA Plus. 
It was found that MTA Repair HP demonstrated the lowest 
bacterial microleakage, indicating that it provided a better 
seal compared to Biodentine and MTA Plus. This suggests 
that MTA Repair HP may be preferable for root-end filling 
due to its superior sealing properties.

Overall, the study’s findings support the use of the ortho-
grade technique and highlight the importance of selecting an 
appropriate root-end filling material, with MTA Repair HP 
showing the best sealing ability among the three materials 
tested.
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