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Introduction
Disinfection in root canal retreatment (RCR) is much 
more difficult because persistent microorganisms have 
settled in the root canal. The resistant periradicular 
lesions result from resistant bacteria to irrigations and 
antimicrobial agents. They can survive for years around 
the filled root canals.1

The impossibility of proper access of immunity to 
the root canal can lead to the inadequate removal of the 
root infection.2 A successful root canal treatment (RCT) 
is a combination of shaping, disinfection, and filling of 
the canal. Cleaning and irrigation of root canals have a 
fundamental role in the success of the treatment.3 

Sodium hypochlorite (NaOCl) is the most common 
irrigating solution in RCT because of its broad antibacterial 

effect and dissolving organic substances. Without the use 
of NaOCl with a high concentration, it is not possible 
to achieve effective cleaning of the canals.1 One of the 
disadvantages of NaOCl is the cytotoxicity, which causes 
damage and symptoms in the patient. Also, its strong 
oxidizing property has a negative effect on the mechanical 
properties of dentin, including microhardness and elastic 
coefficient. In general, NaOCl should be used with caution 
in endodontic treatment to avoid hypochlorite accidents.4

Calcium hydroxide (Ca(OH)2) as an intracanal dressing 
reduces bacteria inside the root canal. 5 Its antibacterial 
effect is based on its high pH.6 The conventional root 
disinfection methods, such as NaOCl, chlorhexidine, and 
Ca(OH)2, are not always sufficient to reduce the amount 
of bacteria in the root canal system. 7For example, NaOCl 
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Abstract
Introduction: Apical periodontitis is one of the common dental diseases. Microorganisms are 
the main reasons for these lesions; irrigations are used to remove them, but because of limited 
penetration, the rinsing agents may not always kill the microorganisms. Laser irradiation is 
effective in canal disinfection. The goal of this study was to compare the effect of calcium 
hydroxide (Ca(OH)2) and diode laser on the improvement of apical periodontitis following root 
canal retreatment (RCR).
Methods: Twenty-four teeth of 19 patients with periapical lesions which needed RCR were 
divided into two groups (Ca(OH)2 and Ca(OH)2 + laser irradiation [LI]). In the first session, after 
gutta-percha removal, cleaning, and shaping, Ca(OH)2 was used for 10 days. In the second 
session, in the Ca(OH)2 + LI group, the irradiation utilizing a diode laser (using non-initiated 200-
µm fiber, continuous wave (CW), power output of 1W) was done. The periapical radiographic 
healing was assessed before the retreatment and after 3-month and 6-month follow-ups by 
periapical index (PAI) Qrstavik. The quantitative data were analyzed (P < 0.05).
Results: The initial periapical lesion score was 3.75 and 3.88 in the Ca(OH)2 and Ca(OH)2 + LI 
groups, respectively. In the Ca(OH)2 and Ca(OH)2 + LI groups, 3 months after the RCR, the average 
periapical lesion score was 2.94 and 3.05, respectively. In the Ca(OH)2 and CA(OH)2 + LI groups, 
6 months after the RCR, the average periapical lesion score was 1.80 and 1.75, respectively. 
No significant differences were found at the 3 and 6 months between the experimental groups.
Conclusion: The diode laser can reduce the periapical lesion, but there was no significant 
difference between CA(OH)2 + LI and Ca(OH)2 at 3-month and 6-month follow-ups.
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has a limited ability to penetrate and cannot always 
affect bacteria that are located in inaccessible areas.1 

Also, microorganisms such as Candida albicans and 
Enterococcus faecalis which are isolated from the root 
canals of teeth with or without periradicular lesions can 
resist the antibacterial effect of Ca(OH)2.

8,9

In recent years, intracanal laser radiation has been an 
adjuvant therapy for endodontic treatments due to its 
disinfection capability in root canal preparation.1 It is 
easier to reach difficult areas by using lasers.10 The diode 
laser has recently gained wide acceptance in RCT, and 
several studies have also shown better disinfection with 
the help of the diode laser in RCT.11-13 The diode laser 
causes changes in the dentin surface, such as melting 
and resolidifying the dentinal walls, which reduces the 
permeability of dentine, improves the sealing of the 
root canals, increases the bactericidal effect, and reduces 
periapical lesions after RCT. In this way, the laser creates 
a photodynamic effect, reduces inflammation, increases 
tissue healing, and finally achieves painlessness in the 
area.1, 9-11

To our knowledge, some studies have considered the 
efficacy of diode laser irradiation and Ca(OH)2 in bone 
healing of periapical lesions after RCR. The aim of the 
current study was to evaluate the effect of the diode laser 
with Ca(OH)2 on the improvement of apical periodontitis 
in retreatment cases.

Methods
This randomized controlled clinical trial study 
was registered in the Clinical Trials Registry 
(IRCT20220713055458N1- https://irct.behdasht.gov.ir/
trial/64807 ) and conducted at the office of an endodontist, 
between March 2021 and August 2023, in Birjand city. All 
the patients signed the informed consent form.

Sample Size and Population
Sample size calculation was based on the results of 
Ahangari and colleagues’ study5 which indicated that 12 
samples would be required per group (alpha error = 0.05; 
power = 0.9)

Twenty-four teeth of 19 patients with periapical lesions 
which needed RCR were included in the study after they 
met the inclusion criteria as follows:
1.	 Teeth that previously received RCT
2.	 Single-rooted tooth
3.	 Age from 18 to 50 years without a history of specific 

medical diseases and using specific drugs
4.	 Having the periapical lesion;
5.	 The client must agree to participate.

The exclusion criteria were:
1.	 Illiterate patient 
2.	 Pregnant women
3.	 Antibiotic consumption within the past month 
4.	 History of hospitalization

5.	 Mobile teeth (mobility more than grade I according 
to the Miller classification)

6.	 Open apex teeth
7.	 Teeth with abrupt curvatures 
8.	 Non-restorable teeth
9.	 Teeth that cannot be isolated with a rubber dam
10.	 Periodontal pocket depth ≥ 4 mm
11.	 Teeth with a history of previous RCT failure due 

to crack/fracture, resorption, perforation, ledge, 
overfilling, transportation, and separate files.

12.	 Teeth with short root length (less than 16 mm) and 
long root length (more than 23 mm)

To assess the efficacy of endodontic treatment, 
radiographs were taken by a radiography machine 
(Carestream Health, Inc, Rochester, NY, USA) and a 
phosphor plate sensor (Soredex Digora Optime plate 
scanner) with size 2 film (STD Plates 900246). The XCP 
(X-Ray Film holder (kerr) EndoBite) system was used 
to prevent tube angle change and prepare repeatable 
radiographs.

The patients were randomly divided into two groups 
(Ca(OH)2 + LI and Ca(OH)2) by using sealed white 
envelopes containing the group codes. In this way, only 
the person who prepared the envelopes knew the contents 
of the envelopes, and the examiners, patients, and 
statisticians were blinded.

Treatment Protocol
At the first appointment, the patient’s oral cavity was 
disinfected with 0.2% chlorhexidine gluconate mouthrinse 
for one minute. After local anesthesia application and 
rubber dam isolation, the teeth and rubber dam were 
disinfected by using 5.25% NaOCl (Chloraxid, Cerkamed, 
Stalowa Wola, Poland). In both groups, after removing 
all restorations and caries and access cavity preparation, 
gutta-percha in the third coronal root canal was removed 
passively by using Gates Glidden. Afterward, the rest of 
the canal fillings were removed by M two retreatment 
files (VDW GmbH, Munich, Germany) and Chloroform 
solution (Supelco, Merck KGaA, German). Each rotary 
file was used for the instrumentation of 3 canals. The 
working length (WL) of the canal was defined by Apex 
Finder (Dentsply Propex IQ) and confirmed by a digital 
radiograph. The patency of the teeth included in the 
study was confirmed by K file #10 (Mani, Japan), and the 
diameter of the apical foramen was not more than K file 
#15. Then, the root canal was prepared up to at least three 
numbers higher than the initial file. After each use of the 
files, canals were irrigated with 1 ml of 5.25% NaOCl 
by using a 30-gauge needle (Guangxi Ehall Medical 
Technology Co., Ltd., Germany) inserted deeply and 
passively. In the end, creamy Ca(OH)2 (Gholchadent, 
Golchai, Iran) was applied as an intracanal dressing for 10 
days, and the cavity was filled with a temporary material 
(Coltosol, Coltene). 

https://irct.behdasht.gov.ir/trial/64807
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If there were no signs and symptoms, a second 
appointment was performed as described below.

 In the Ca(OH)2 group, after removing Ca(OH)2 pastes 
from the root canals with 5 mL NaOCl 5.25% and by using 
a Hedstrom file corresponding to the master apical file, 
the canals were obturated with gutta-percha and AH26 
sealer (Dentsply, Konstanz, Germany) by using the lateral 
condensation method after drying with a paper-point. A 
temporary restorative material was then used to seal the 
access cavity. 

In the Ca(OH)2 + LI group, after final rinsing with 
distilled water and drying the canal with paper points, a 
980 nm laser (Doctor smile) was performed by using a non-
initiated 200-μm fiber optic (CW mode and power output 
of 1 W). In each canal, for each mm of WL, two seconds 
of irradiation was applied. Each canal was irradiated 
twice with an interval of 30s between each irradiation. In 
each canal, irradiation was performed from the apical to 
the coronal part of the canal in helicoidal movements, 1 
mm shorter than the WL. During the laser irradiation, 
the endodontists, the patient, and the assistants wore 
protective eyewear. Similar to the Ca(OH)2 group, the 
canals were obturated. Then, the access cavity was sealed 
with Coltosol.

 In both groups, the smear layer was removed by using 
17% EDTA (Cerkamed, Poland) for five minutes and 
5.25% NaOCl for one minute. All stages of RCR were 
performed by an endodontist. The restoration of the 
dental crown of all patients was performed for a maximum 
of 2 weeks after the completion of RCR.

Assessment of Radiographic Lesions
The patients were recalled at intervals of 3 and 6 months 
after RCR (Figures 1 and 2). A clinical examination 
was done and the restoration was checked. Follow-up 
radiographs were prepared as described previously. The 
healing process of the lesion before the retreatment and 
at the 3-month and 6-month follow-ups was assessed 
by Qrstavik’s PAI.14 Two endodontists and one oral, 
maxillofacial radiologist blinded to the study were 
calibrated and requested to assess the radiographs 
according to the images of the Qrstavik PAI pattern. If 

there was no agreement, the three examiners discussed 
their findings until they reached a consensus. 

Statistical Analysis
The collected data were analyzed and statistically 
interpreted by chi-square, ANOVA, T-test, and Post 
Hoc tests. Data analysis was performed by using SPSS 
Statistics version 22 (IBM Corp., Armonk, USA). We 
calculated Cohen’s kappa coefficients to assess the inter-
observer and intra-observer agreement on the assessment 
of radiographs (kappa > 0.71).

Results
Demographic Data
RCR was performed on 19 patients (mean age of 34.47, 
the mean age in the Ca(OH)2 + LI group was 33.5 and in 
the Ca(OH)2 group was 35.18) and 24 teeth (Table 1).

Periapical Radiographic Healing Analysis
Before starting the RCR, the periapical lesion score 
was 3.75 and 3.88 in the Ca(OH)2 group and in the 
Ca(OH)2 + LI group, respectively. In the Ca(OH)2 and 
Ca(OH)2 + LI groups, 3 months after the RCR, the average 
periapical lesion score was 2.94 and 3.05, respectively. In 
the Ca(OH)2 and Ca(OH)2 + LI groups, 6 months after 
the RCR, the average periapical lesion score was 1.80 and 
1.75, respectively (Figure 3).

In both groups, the periapical healing at 6-month recalls 
improved, compared to 3-month follow-ups. There was 
no significant difference in the healing of the periapical 
lesions between the two groups after RCR.

Discussion
Periapical lesions are bacterial infections that result in 
bone loss and radiolucencies in the radiograph.4 These 
lesions are more resistant to the treatment and do not 
heal due to the presence of resistant bacteria.1 This study 
aimed to investigate the effect of the diode laser as an 
adjuvant treatment on the healing of periradicular lesions 
after RCR.

The different anatomy of the root and multiple biofilms 
make it difficult to disinfect the root canals. Different 

Figure 1. Radiographic Follow-up in the Ca(OH)2 + LI Group: Before Retreatment (A), 3-Month (B) and 6-Month (C) Follow-ups
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types of lasers affect the disinfection of root canals due 
to their antibacterial effect and their ability to penetrate 
deeper into the dentin, remove soft tissues, and stimulate 
bone regeneration.5,15-17 The effect of lasers on tissues 
can be different by changing some parameters such as 
pulse mode, energy radiation, wavelength, exposure 
time, optical fiber diameter, and physical characteristics 
of tissues.4 According to recent studies, the diode laser 
has been effective in decreasing the number of resistant 
microorganisms and has significant advantages such as 
being small and portable, easy to use, affordability, and 
compactness.4,18 This laser has an antibacterial effect on 
endodontics bacteria with wavelengths of 810-980 nm.4 
Therefore, in our study, the wavelength of 980 nm was 
used. In addition to the antibacterial effect, this wavelength 
penetrates the dentinal tubules, where irrigation solutions 
cannot, and as a result, the sealer penetrates more into 
them.4 The antibacterial effect of the diode laser occurs due 
to the photothermal effect related to heat transmission.4 
In fact, in ideal parameters, it causes the destruction of 
the bacterial cell wall, denaturation of proteins, microbial 
death, and cell lysis.19 Similar to previous studies, in our 
study, intracanal irradiation was applied by using circular 
movements to reduce periradicular tissue damage. It 
was irradiated from the apical direction to the coronal 
direction so that the temperature of the canal wall was less 
affected.20

Diode laser radiation modulates processes such as 
differentiation and proliferation in cell mitochondria, 
increases the healing of bone structure,21,22,4 reduces 
the level of inflammatory mediators, and increases 
vascularization.1,18,23 The process of bone regeneration can 
change under the influence of systemic or local factors.7 
To minimize the systemic effect, we excluded patients 

with specific systemic diseases from the study, but factors 
such as malnutrition or differences in the methylation of 
genes related to the immune response such as FOXP3 or 
microRNAs could have affected the results of the study.24,25 
It is recommended to investigate the methylation of these 
genes for future studies.

The Orstavik PAI, which has high reliability and 
reproducibility among the periapical indexes of two-
dimensional radiography, is used to evaluate the healing 
process and the condition of the periapical lesions.26 The 
process of recovery or failure of treatment of periapical 
lesions is interpreted by this index.26 Considering the 
possibility of observer bias in radiographic evaluation,26 
three observers scored separately and then we averaged 
the scores. The lack of determination of the relationship 
between the periapical lesion and the surrounding 
anatomical structures and the high possibility of false 
negative results are other disadvantages of this index.26 To 
solve these problems, we recommend using cone beam 
computed tomography (CBCT) indexes in doubtful cases, 
considering its high cost and radiation dose,26 although 
CBCT artifacts, especially gutta-percha, metal post, and 
endodontic cement, make the diagnosis more difficult.27,28

The healing of apical periodontitis is most obvious 
from 3 months to 2 years after treatment.29 Different 
studies consider different follow-up sessions. Huumonen 
and Ørstavik recommended follow-up treatment from 
3 months to 2 years, but the European Association of 
Endodontists recommends evaluating periapical lesions 

Figure 2. Radiographic Follow-up in the Ca(OH)2 Group: Before Treatment (A), 3-Month (B) and 6-Month (C) Follow-ups

Figure 3. Periapical Status of Ca(OH)2 and Ca(OH)2 + LI Groups (Before 
Retreatment, 3 and 6 Months After RCR)

Table 1. Sex Distribution of the Patients in the Ca(OH)2 + LI Group and in the 
Ca(OH)2 Group

Sex
Group

Ca(OH)2 + LI (n = 8) Ca(OH)2 (n = 11)

Male (%) 2 (25%) 4 (36%)

Female (%) 6 (75%) 7 (66%)
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up to 4 years after treatment.29,30 Although a long-term 
follow-up is better to evaluate healing in endodontic 
treatment, two stages of improvement of the PAI can 
clinically be considered as an indicator of recovery.31 
Thus, follow-ups of more than 6 months should be 
considered. Whether the laser has a faster healing effect 
or not, we considered the 3-month and 6-month follow-
up as an indicator for the short-term healing of lesions 
due to the effect of LI.

Pelozo et al showed that the diode laser had a positive 
effect on periapical lesion healing during treatment 
follow-ups.32 In their study, the effectiveness of the laser 
was investigated in terms of microbiology and radiology. 
Radiographic follow-ups of their study included 3, 6, 9, 
and 12 months. The radiographic images were classified 
based on complete recovery (healthy PDL), violation 
(no change in size or reduction in size without achieving 
a healthy PDL), and treatment failure (enlargement 
of lesion size). Irradiation was done with a diode laser 
(980 nm, 350-μm optical fiber, power of 1.5 W, pulsed 
mode,100 Hz for 20 seconds). In this study, a 980 nm 
diode laser (continuous wave, power of 1 W) was applied. 
The discrepancy between the result of our study with that 
study may be because of the design of the research, the 
characteristics of the laser used, and the larger number of 
samples.

Some researchers found no positive relationship 
between the size of periradicular lesions and treatment 
success,33,34 but in Bytyqi and colleagues’ study, the size 
of the lesion had a considerable effect on the prognosis 
of the treatment.35 The negative impact of bigger lesions 
on treatment success is because of a greater variety of 
microorganisms and their correlation with long-term 
infections because bacteria have penetrated deeply. In 
addition, these lesions may be cysts.36 Moreover, some 
larger lesions have a slower response to ecological 
changes due to the treatment protocol.13 Bytyqi et al have 
found that the use of a laser in small lesions ( ≤ 6 mm) 
can be effective, but in larger lesions ( ≥ 10 mm), it can 
have little effect on Enterococcus faecalis or Streptococcus 
mitis.35 Consequently, we recommend considering lesions 
with similar sizes for further studies or using prolonged 
heating by pulsed mode for larger lesions.35

Meire et al, in a systematic review, concluded that 
there was not any additional effect of adjunctive therapy 
like LI over conventional endodontic treatment in the 
improvement of periradicular lesions.37 Our findings are 
similar to their results. The little evidence on the efficacy 
of the LI in the healing of periapical lesions does not 
necessarily invalidate the effect of laser irradiation, but it 
does emphasize the need for further studies to establish 
the impacts of laser irradiation on RCR results. 

Conclusion
Bearing research limitations in mind, there is no 
significant difference between Ca(OH)2 + 980 nm LI 
and Ca(OH)2 RCR at 3-month and 6-month follow-ups. 

However, more studies are required to assess the effect of 
LI over Ca(OH)2 in terms of apical periodontitis healing.
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