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Abstract: Background: Lasers from the erbium family have been investigated to activate irrigation
with sodium hypochlorite (NaOCl), improving the disinfection depth of the dentinal tubules of the
root canal walls during root canal treatment. However, the possibility of laser-activated irrigation
(LAI) in retro-cavity preparation has not been investigated to the date. The aim of our experimental
study is to evaluate the efficacy of NaOCl gel penetration inside the dentinal tubules when activated
during retro-cavity preparation, comparing passive ultrasonic activation (PUI) and Er,Cr:YSGG LAI.
Materials and Methods: Fifty extracted mature single-root human teeth were divided into four
groups (control, PUI, and two LAI groups with different NaOCl concentrations). After conventional
endodontic treatment and root end resection, NaOCl gel (impregnated with rhodamine dye for
confocal laser scanning microscopy (CLSM) analysis) was applied and activated according to the
study group. The penetration index and mean penetration length were measured using computer
software. Results: Both penetration index and mean penetration length were found to have increased
in the PUI group compared to the control samples. However, LAI had a better penetration that
was statistically significant compared to both the PUI and control groups. The difference in NaOCl
concentration in the laser groups did not affect the penetration values. Conclusions: Within the
limitations of our in vitro study using NaOCl gel activation in the retro-cavity after apicectomy,
Er,Cr:YSGG LAI significantly enhanced NaOCl gel penetration capacity compared to PUI, regardless
of its concentration. LAI can enhance its penetration in a safe way, avoiding its extrusion to the
surrounding periapical tissues.

Keywords: laser-activated irrigation; Er,Cr:YSGG; passive ultrasonic activation; sodium hypochlorite;
apicectomy

1. Introduction

Endodontic apical microsurgery is a reliable option to address persistent periapical
pathology in cases where non-surgical treatment is unsuccessful or not feasible [1]. This
procedure offers a success rate of 80–90%, making it a viable alternative to non-surgical
treatment [2]. However, residual filling materials and infected dentin can potentially
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remain in root canals and dentinal tubules, especially if the teeth have been previously
instrumented and sealed [3].

The apical third of the root canal system is often the site of endodontic treatment
failure [4]. Factors such as lateral canals, apical deltas, anastomoses, and bifurcations
can make the access and adequate treatment of these areas challenging [5]. In addition,
it is important to consider that bacteria can also be found inside the dentinal tubules,
penetrating up to 1000 µm deep [6,7].

Lasers of the erbium family, specifically Er:YAG (2940 nm) and Er,Cr:YSGG (2780 nm),
have been studied in the field of endodontics to perform laser-activated irrigation (LAI) as
an alternative to passive ultrasonic irrigation (PUI) [8–10]. These lasers can create a micro-
burst inside an irrigating solution due to their high absorption by water molecules. This
phenomenon, known as cavitation, generates photomechanical shock waves that effectively
remove the smear layer, resulting in clean, open dentinal tubules [11]. Consequently, there
is a greater penetration of sodium hypochlorite (NaOCl) into the dentinal tubules and an
improved biofilm removal [12].

The use of NaOCl in periapical surgical procedures may pose challenges due to its cy-
totoxic activity, as reported in the literature. When NaOCl diffuses into the periapical tissue,
it can potentially cause a chemical burn and result in localized or extensive necrosis [13,14].

New strategies are needed to achieve effectiveness and safety in using NaOCl in
periapical surgical procedures. In this regard, Iandolo et al. [15] proposed using NaOCl
in gel form in the prepared cavity at the root end to prevent its extravasation into the
surrounding tissues. The gel consistency of NaOCl provides a better control in the periapical
preparation instead of the liquid consistency, avoiding extrusion to the periapical tissues.
They demonstrated the improved penetration of the dentinal tubules by the gel when PUI
was performed.

While PUI and traditional methods have been well studied for enhancing cleaning
efficacy in apicectomy procedures, the application of LAI in the retrograde cavity remains
underexplored. Given the laser’s potential to enhance the penetration and activation of
irrigants in complex root canal systems, evaluating its effectiveness could provide valuable
insights and potentially improve treatment outcomes in endodontic surgery.

This study aimed to assess the effectiveness of using Er,Cr:YSGG laser activation on
NaOCl gel at concentrations of 0.5% and 2.5% to improve its penetration into the dentin
walls. To determine its efficacy, the study also sought to compare this LAI technique with
PUI using CLSM.

2. Materials and Methods

This study was approved by the Ethics Committee of the Universidad Católica de
Valencia San Vicente Mártir with code number UCV/2022-2023/106. This study was carried
out following the Preferred Reporting Items for Laboratory Studies in Endodontology
(PRILE) 2021 guidelines [8].

2.1. Specimen Selection

Fifty freshly extracted mature single-root human teeth were selected, which were
obtained due to periodontal problems. These teeth were stored in normal saline at room
temperature. Before including the teeth in the study, all patients signed an informed consent
form. To remove any remaining periodontal ligament debris and calculus from the root
surface, the specimens were cleaned using endodontic tips and a Gracey 7/8 curette. The
specimens were subjected to a disinfection process by being immersed in a 0.5% solution of
chloramine-T for 48 h. After cleaning, the specimens were stored in a 10% formalin solution
at 4 ◦C until use in the study.

The inclusion criteria involved selecting structurally sound single root canal and single
root teeth, confirmed by radiographic examination. These teeth had to have a mature apex.
On the other hand, the exclusion criteria were teeth with structural defects, root caries, very
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narrow and calcified root canals, open apex, root canals divided in the middle or apical
third, external or internal root resorption, and teeth with vertical root fractures [16].

2.2. Chemo-Mechanical Preparation of the Root Canal

A standard chemo-mechanical preparation was performed [17], which was started
by accessing the cavity using a no. 4 round bur. The cervical third was prepared with
Gates–Glidden burs. Then, a size #10 Iso-K file was inserted into the canal until the tip
of the file was visible through the apex. The working length of the canal was determined
by subtracting 0.5 mm from this measurement. The root canals were instrumented using
Protaper Gold files until a minimum apical size of ISO 25 was reached, corresponding to
the F2 file. The irrigation protocol involved using 5.25% NaOCl between files, with a total
volume of 5 mL, using a 30-gauge needle. After this, the root canals were irrigated with
saline solution and 3 mL of 17% ethylenediaminetetraacetic acid (EDTA) for 60 s to remove
the smear layer. A final irrigation step was performed using 2 mL of saline solution.

After chemo-mechanical preparation, the root canals were carefully dried with sterile
F2 paper tips and sealed with resin cement Ah Plus and gutta-percha F2 using the single
cone technique. In cases where the size and shape of the canal required it, lateral condensa-
tion was performed with an auxiliary gutta-percha cone. After the obturation procedure,
the teeth were stored in a saline solution at room temperature for one week.

2.3. Retro-Cavity Preparation and NaOCl Gel Preparation

A 3 mm root end resection was performed [18] with a cylindrical multiblade bur,
and then a retro-preparation was conducted to a depth of 3 mm using the Satelec P14D
retrotype. A NaOCl solution with a gel-like consistency was prepared at two different
concentrations—0.5% and 2.5%. In a previous study, the chemical composition of the
gel used was described in detail [10]. To improve visibility under CLSM analysis, a 0.1%
Rhodamine B dye was added to the NaOCl gel. This allowed for the better visualization
and analysis of the penetration of the mixed NaOCl gel solution into the dentinal tubules.

2.4. Study Groups

The teeth were then divided into four groups (Figure 1), as follows: Group 1—2.5%
NaOCl gel without activation; Group 2—PUI group with activation using 2.5% NaOCl
gel solution; Group 3—LAI group with activation using 2.5% NaOCl; and Group 4—LAI
group with activation using 0.5% NaOCl gel solution. Five teeth were used as a control
group and 15 were used in each treatment group. After retro-preparation, the retro-cavity
was initially cleaned with 2 mL of sterile saline using a 30-gauge endodontic needle. All
the study groups were conditioned with 17% EDTA and activated with a modified curved
ultrasonic tip for 30 s and were then left for 30 s before being rinsed with 3 mL of sterile
saline. Finally, the retro-cavity was dried using sterile paper cones. The protocols used for
each group are described in detail below.

Group 1: The 2.5% NaOCl gel solution was applied to the retro-cavity and left to act
for 60 s, before being rinsed with sterile saline and blotted dry with paper tips.

Group 2: The 2.5% NaOCl gel solution was activated using a modified ultrasonic tip
for 30 s and was left to act for 30 s before being rinsed. An ultrasonic device was used
for the PUI procedure. The device was equipped with a handpiece and was operated at a
frequency of 30 kHz in endo mode, specifically at medium power.

Group 3: Three activation cycles were employed using the radial firing tip (RFT2)
with a diameter of 200 µm, a length of 21 mm, and a calibration factor > 0.55. Each cycle
consisted of a 5 s activation by dipping the tip into the 2.5% NaOCl gel and a 10 s pause
during which the activated gel remained in place. The laser parameters were 0.75 W power,
50 Hz frequency, 0% air, and 0% water. The gel was replaced before beginning a new
activation cycle. A pulsed Er,Cr:YSGG laser was used with a wavelength of 2780 nm
for LAI.
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Group 4: The same activation protocol as the third group was used, but the concentra-
tion of NaOCl gel (0.5%) was changed.
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Figure 1. (a) Retro-cavity preparation after apicectomy, (b) NaOCl (2.5%) gel application without
activation (red arrow represents the NaOCl gel with rhodamine dye), (c) PUI of 2.5% NaOCl gel,
(d) Er,Cr:YSGG LAI of 2.5% NaOCl gel, (e) Er,Cr:YSGG LAI of 0.5% NaOCl gel. (Authored by
Dr. Elafifi).

2.5. Confocal Laser Microscopy Analysis

Samples were stored at 100% humidity and 36 ◦C for 7 days (as stated in a previous
study [15]) prior to analysis. A 1-mm-thick slice was taken from the apex in cross-section
using a cutting machine sprayed with water spray for cooling during the procedure.
An independent, blinded evaluator studied the sections using confocal laser scanning
microscopy at a wavelength of 545/740 nm. The penetration area was delineated using
the Q-Path© software 0.4.3 and was automatically measured in µm2. The maximum
penetration length was measured using the same software by drawing a line from the inner
surface of the canal walls to the deepest point of irrigation via the outer surface of the root
(Figure 2). The confocal microscopy images for different groups were obtained (Figure 3).
Since not all the roots included in the study had the same surface area, we measured the
four values mentioned above (buccal, lingual, mesial, and distal) and related them to the
total surface area of the measured zone, which we call the penetration index.
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Figure 2. Representation of the measurement using Q-Path software. (A) various lines measuring
the penetration depths all around the root canal to be able to determine the mean penetration depth;
(B) a line defining all the penetration peaks and another line tracing the outer surface of the root to
determine the penetration index.

2.6. Statistical Analysis

The data analysis was performed using the SPSS 23© software with a 95% confidence
level. If the p value was less than 0.05, the results were considered statistically significant
compared to other groups. Kruskal–Wallis and Mann–Whitney tests were used to compare
the results of the main variables, such as penetration index and mean penetration length.
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Figure 3. Sample confocal microscopy images of the different groups. The images represent the
amount of penetration of the rhodamine dye from the root canal walls outwards towards the external
root surface using different NaOCl gel activation protocols. (A–D) control group, (B–E) ultrasonic
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3. Results

The LAI groups showed significantly better results than the PUI group regarding
hypochlorite gel penetration into the dentinal tubules (p < 0.05). No significant differences
were observed between the two different concentrations of NaOCl (2.5% and 0.5%) in the
LAI groups (p > 0.05) (Tables 1 and 2) (Figures 4 and 5).

Table 1. p values in penetration index. * statistically significant difference at level 0.05; the penetration
index value of each group is reported in µm2.

Irrigation Technique Irrigation Technique
(Comparison Groups) p-Value

EDTA + NaOCl 2.5% without activation
(0.10 ± 0.01 µm2)

EDTA +NaOCl 2.5% ultrasonic activation 0.001 *

EDTA + NaOCl 0.50% laser activation <0.001 *

EDTA + NaOCl 2.5% laser activation <0.001 *

EDTA + NaOCl 2.5% ultrasonic activation
(0.18 ± 0.03 µm2)

EDTA + NaOCl 0.50% laser activation <0.001 *

EDTA + NaOCl 2.5% laser activation <0.001 *

EDTA + NaOCl 0.50% laser activation
(0.30 ± 0.03 µm2)

EDTA + NaOCl 2.5% laser activation
(0.37 ± 0.08 µm2) 0.074

Table 2. p values in mean penetration length. * statistically significant difference at level 0.05; the
mean penetration length of each group is reported in µm.

Irrigation Technique Irrigation Technique
(Comparison Groups) p-Value

EDTA + NaOCl 2.5% without activation
(81.11 ± 8.61 µm)

EDTA +NaOCl 2.5% ultrasonic activation 0.098

EDTA + NaOCl 0.50% laser activation <0.001 *

EDTA + NaOCl 2.5% laser activation <0.001 *
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Table 2. Cont.

Irrigation Technique Irrigation Technique
(Comparison Groups) p-Value

EDTA +NaOCl 2.5% ultrasonic activation
(157.85 ± 54.81 µm)

EDTA + NaOCl 0.50% laser activation 0.001 *

EDTA + NaOCl 2.5% laser activation 0.001 *

EDTA + NaOCl 0.50% laser activation
(327.44 ± 102.80 µm)

EDTA + NaOCl 2.5% laser activation
(327.15 ± 93.61 µm) 0.683J. Clin. Med. 2024, 13, x FOR PEER REVIEW 6 of 10 
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4. Discussion

High-intensity lasers have demonstrated a superior antimicrobial effect on infected
root canals, and these can be similarly employed to decontaminate the retro-cavity after an
apicoectomy [19,20].

According to reports [21], whole-tissue lasers such as Er:YAG and Er,Cr:YSGG have
proven effective in root-end re-sectioning. These lasers offer advantages such as improved
sealing of the dentin surface, reduced crack formation, and the absence of smear layer
formation. However, to our knowledge, no research has been conducted to evaluate how
the Er,Cr:YSGG laser impacts NaOCl activation in the retro-cavity, specifically in relation to
dentin penetration.

Our study’s findings agree with previous research by Iandolo et al. [15], which showed
that NaOCl gel penetration was improved by PUI compared to the control group without
activation. Furthermore, our study revealed an even higher penetration capability when
the Er,Cr:YSGG laser was used, which supports previous studies indicating smear layer
removal and a higher degree of dentinal tubule opening [22].

In addition, we observed a reduction in NaOCl extrusion from the retro-cavity during
LAI in contrast to PUI. This difference can be attributed to LAI generating more effective
cavitation than PUI [23,24]. Unlike the physical displacement of the liquid in the ultrasonic
irrigation group, the laser group uses the absorption of high pulse energies by the water
molecules, resulting in the formation of bubbles and their subsequent bursting [25]. This
process leads to vaporization and the generation of a photoacoustic shock wave via the
200 µm RFT. Tip design plays a significant role in obtaining better sidewall disinfection
during LAI. The radial energy emission from the tip allows for a more effective and
complete lateral disinfection. This design ensures that the laser energy is evenly distributed
in a 360-degree pattern, targeting all the root canal areas, and promoting comprehensive
disinfection.

The novelty of this study lies in offering a safer way to use NaOCl in periapical
microsurgery by using lower concentrations, which are laser-activated, to decrease its
harmful effects on cells, while retaining its ability to fight microbes, which is comparable
to higher concentrations of NaOCl. In the experimental groups, we used a 2.5% NaOCl
solution, as suggested by Betancourt et al. [24], who found that this concentration effec-
tively decreased the E. faecalis biofilm. In addition, we achieved results comparable to
the study by Iandolo et al. [15], suggesting that the penetration capacity of NaOCl is not
influenced by its concentration. Consequently, we chose not to use the 5.25% concentration
to standardize the concentration and to eliminate any non-relevant variables, since our
study is not microbiological.

Regarding the study variables, we modified our methodology compared to the previ-
ous study [15], which only measured a maximum penetration length in each aspect (buccal,
lingual, mesial, and distal). Using this approach can provide us with more reliable results
and an accurate estimate of the penetration capacity of the gel.

In our study, we introduced a revised method of LAI, which we developed based on
the initial experiments we conducted. This modified protocol aims to maintain sufficient
NaOCl and provide a 10 s interval for dissolution and penetration. By implementing
activation cycles lasting 5 s, we ensure that the excessive evaporation of the rinsing agent
is avoided, thereby guaranteeing the desired results. Indeed, the interrupted laser cycles
implemented in our study had a total time of 45 s, which is shorter than the total duration
of the ultrasound protocol, which usually lasts 60 s. By reducing the time required for laser
cycles, we seek to optimize efficiency while achieving comparable results. This approach
allows for a more time-effective treatment while maintaining the necessary efficiency in
cleaning and disinfection. We chose this type of laser based on the flexible radial firing
tip available for this device, which allows for high versatility and accessibility to the
retro-cavity if applied in a clinical situation.

With the superior results obtained with the laser, it is interesting to encourage its use
due to its additional antimicrobial effect through the direct activation of the disinfectant
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solution [26]. Moreover, the application of an all-tissue laser in periapical surgery simplifies
the procedure by offering versatility in terms of incision, bone ablation, hemostasis, decon-
tamination of periapical defects, and even performing root-end resections using the same
laser [27]. However, to study the clinical significance and potential for an improvement in
the success rates of endodontic apical microsurgery, randomized controlled clinical trials
are needed.

This study has potential limitations such as the lack of microbiological analysis to be
able to confirm the efficacy of this approach to reduce the bacterial count at the reported
penetration depth; another limitation is that the sample teeth used were not from the same
age group, thus the diameter and number of dentinal tubules can vary, which might affect
the NaOCl penetration independently from the activation technique.

5. Conclusions

The use of the Er,Cr:YSGG laser to activate NaOCl gel in retro-cavity preparation leads
to a higher penetration of NaOCl both in terms of area and length in the dentinal tubules
compared to PUI. The concentration of the NaOCl gel did not affect its depth penetration.
These findings support randomized controlled clinical trials with microbial analysis and
the evaluation of the long-term clinical success.
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