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Research on NiTi instruments combined with ultrasonic
irrigation and multiantibiotic paste in root canal therapy
of periapical inflammation in deciduous teeth
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Abstract. Pain often occurs after root canal treatment due to
unavoidable mechanical or chemical damage. The purpose of
the present study was to investigate the efficacy of a nickel-tita-
nium (NiTi) device combined with ultrasonic irrigation and
multiple antibiotic creams in the treatment of periapical
inflammation of deciduous teeth, so as to improve the under-
standing of root canal treatment and optimize clinical practice.
Evaluation of efficacy was conducted using X-rays and the
Visual Analog Scale. This treatment significantly reduced
pain and also improved patient compliance and treatment
outcomes. The findings of the present study may have scientific
and clinical significance for optimizing root canal treatment in
pediatric dentistry and requires further in-depth research in
clinical practice. These outcomes may provide potential new
ideas and directions for improving patients' quality of life and
the efficacy of clinical treatment and have further impacts on
future related research and medical practice.

Introduction

In periapical lesions of deciduous teeth, the apex and bifurca-
tion sites, encompassing the cementum, periodontal ligaments
and alveolar bone, can harbor co-infections involving anaerobic
bacteria and other pathogens (1). These infections may trigger
heightened osteoclast activity or alveolar bone resorption (2).
In severe cases, infection may extend to permanent teeth,
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precipitating premature loss of primary teeth and adversely
affecting the typical growth and development of permanent
teeth (3.4). Root canal treatment is the foremost intervention
for periapical disease in deciduous teeth. This treatment not
only proves effective in alleviating pain, controlling inflam-
mation and encouraging lesion healing, but also supports the
natural turnover of deciduous teeth, thereby preserving the
typical development of permanent teeth (5,6). The success of
root canal treatment relies on the effective control of bacterial
infections within the root canal, a pivotal step encompassing
the removal of infectious material, root canal disinfection and
subsequent filling with absorbable materials (7,8). Presently,
the manual use of stainless steel files remains the primary
instrument for root canal treatment in pediatric deciduous
teeth (9). Nevertheless, a previous study reported that NiTi
root canal preparation devices exhibit promise for treating
infections in deciduous teeth, particularly in the mechanical
preparation step (10). Additionally, optimizing root canal
lengths has proven instrumental in enhancing the efficiency and
safety of root canal preparation, thereby substantially reducing
bacterial counts and metabolites within the root canal (11,12).
The practice of enlarging the root canal preparation area has
gained traction in clinical practice, demonstrating its capability
to mitigate postoperative responses and achieve heightened
postoperative filling rates (13). However, the intricate anatomy
of the root canal may pose challenges to accomplishing the
desired resection through mechanical preparation with a NiTi
instrument.

Antibiotics serve a crucial role in the clinical control
of root canal infections and are a valuable complement
to mechanical cleaning (14). While effective mechanical
cleaning coupled with antibiotic sealing holds the potential
for superior root canal disinfection, this combination has
not been extensively reported. Nakamura et al (15) reported
that antibiotics, in conjunction with ultrasonic flushing, were
more effective than nonactivated irrigation in enhancing root
canal cleaning. However, Klyn et al (16) reported that there
was no significant difference in the cleaning efficacy when
antibiotics were combined with ultrasonic flushing or other
debridement methods in the apical region. Therefore, after
the ultrasonic treatment (with or without NiTi device), the
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removal of infectious substances and microorganisms using
appropriate intracanal medications or rinses is a pivotal step
in the treatment process for root canal infection.

Given the diverse range of microorganisms that can
infect root canals, relying on a single antimicrobial drug
may fall short in achieving thorough disinfection. Therefore,
tailored antibiotic use combining multiple drugs into a paste,
based on the common flora identified in root canal lesions,
may effectively control inflammation and inhibit bacterial
proliferation (17). Cogulu et al (18) reported that pathogenic
bacteria in children with periapical lesions are predominantly
anaerobic, often mixed with other bacteria like Clostridium
sclerotinia and Streptococcus. Clinical manifestations of
these infections include pain, discomfort upon percussion,
root canal exudate and pus formation (19). A commonly used
antibiotic combination for the treatment of these pathogens is
the metronidazole, ciprofloxacin and minocycline paste (20).
This paste, composed of the aforementioned antibiotics, not
only exhibits broad-spectrum antibacterial properties, but also
demonstrates robust efficacy, rendering it widely applied in
clinical practice.

Cefixime, a third-generation cephalosporin antibiotic,
demonstrates high stability against f-lactamase produced
by gram-negative bacilli and exhibits potent bacteriostatic
activity (21). Its efficacy against gram-negative bacilli in the
oral cavity surpasses that of both first- and second-generation
cephalosporins, making it highly suitable for treating root
canal infections (22). By contrast, dexamethasone is an adre-
nocorticosteroid drug renowned for its anti-inflammatory,
anti-allergic and analgesic effects and is therefore used to
reduce pain in root canal treatments (23,24).

The present study aimed to assess the clinical efficacy
of a mechanical NiTi file combined with ultrasonic cleaning
and multiple antibiotic paste through a randomized controlled
study. The incorporation of cefixime and dexamethasone,
alongside additional antibiotics, into an existing triple antibi-
otic regimen will deepen understanding of treating periapical
inflammation in deciduous teeth. This study aimed to provide
further knowledge and practical guidance for enhancing
treatment outcomes and the overall quality of life for patients
undergoing root canal treatment.

Materials and methods

Clinical data collection. The present study received approval
from the Medical Ethics Committee of the Affiliated Hospital
of Southwest Medical University (approval no. 20200916002;
Sichuan, China). The recruitment of subjects commenced in
October 2020 and concluded in October 2021. All participants
were enrolled from the Department of Pediatric Stomatology at
The Affiliated Stomatological Hospital of Southwest Medical
University (Sichuan, China). A total of 90 patients, each with
one tooth exhibiting periapical inflammation, were selected
as the subjects for the study. During the course of the study,
the legal guardian of all children provided written consent for
participation in the study.

Study design and inclusion and exclusion criteria. A total
of 90 patients were randomly assigned to groups A, B and C
(n=30/group), in the process of root canal preparation. The

inclusion of two control groups (B and C) was designed to
compare the efficacy of the intervention. Both group A and
group B were prepared by using M3 primary tooth machine
and nickel-titanium file. In group A, ultrasonic root canal
washing was combined with multiple antibiotics sealing
(metronidazole, ciprofloxacin, minocycline, cefixime and
dexamethasone) followed by two weeks of root canal filling. In
group B, ultrasonic root canal washing was performed followed
by calcium hydroxide sealing for two weeks. In group C, root
canal was prepared using stainless steel hand K-file followed
by calcium hydroxide sealing for two weeks of root canal
filling. By having two control groups, the relative efficacy of
the proposed intervention in comparison to different treatment
strategies could be assessed. This design allowed for a more
comprehensive evaluation of the intervention's efficacy in the
context of treating periapical inflammation in deciduous teeth.

The inclusion criteria for the study were as follows: i) A
definitive diagnosis of acute or chronic periapical inflamma-
tion of deciduous teeth; ii) the affected root was in a stable
stage (patient aged 4-7 years) which is the period of time from
the formation of deciduous tooth roots to their resorption and
X-ray images demonstrate no root atresia calcification or root
resorption; iii) The FrankI treatment compliance evaluation
scale was utilized to score the degree of compatibility and
all scores were >3 points (25); and iv) informed consent was
provided by the patient's legal guardian.

The exclusion criteria for the study were as follows:
i) History of antibiotic therapy within the last 1 month;
ii) history of antibiotic allergies; iii) contraindications to root
canal treatment; iv) pulp penetration and root divergence;
v) patients who did not cooperate with treatment and exhib-
ited poor compliance; vi) incomplete medical records; and
vii) patients with systemic diseases.

Experimental materials. A multi-antibiotic paste, composed
of metronidazole (0.2 g/tablet, Huazhong Pharmaceutical
Co., Ltd.; approval no. H42020388), ciprofloxacin (0.25 g/
capsule; Zhejiang Jingxin Pharmaceutical Co., Ltd.; approval
no. H33020387), minocycline (0.1 g/capsule; Hanhui
Pharmaceutical Co., Ltd.; approval no. H20174081), cefixime
(0.1 g/capsule; Chengdu Brilliant Pharmaceutical Co., Ltd.;
approval no. H20041661) and dexamethasone (0.75 mg/tablet;
Guangdong Nanguo Pharmaceutical Co., Ltd.; approval
no. H44024618) was prepared in equal proportions at a ratio
of 1:1:1:1:1.

Intervention. All patients underwent X-ray imaging prior to
root canal treatment. Patients underwent initial, secondary,
tertiary and follow-up visits during the treatment regime.

Initial visit. Patient diagnosis and treatment planning were
carried out and newly diagnosed cases underwent the removal
of caries, pulp opening and hole preparation. The top of the
pulp chamber was removed, and the pulp was extracted. The
affected area was rinsed, and moisture was removed by drying
the area. The area was sealed with calcium hydroxide (Ivoclar
Vivadent ApexCal; approval no. 20153172564) for 1 week.
Second visit. The sealing agent was removed, and the root
canal extracted using a 15K file (Dentsply Sirona) lubricated
with 17% EDTA (Longly Biotechnology). Root ZX root
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canal measuring instrument was used to measure the root
canal length of group A and group B. Root canal prepara-
tion was performed with the M3 baby tooth file combined
with ultrasonic cleaning (Yirui M3 taper 0.06; Changzhou
Yirui Machinery Processing Co., Ltd.) In Group C, root
canals were enlarged with a Gates Glidden drill (Dentsply
Sirona) and prepared by hand with stainless steel K files
(Dentsply Sirona; nos. 15, 20, 25 and 30) in combination
with 17% EDTA. The root canal was rinsed with =5 ml of a
0.25% sodium hypochlorite solution and flushed with 0.9%
normal saline. In Group A, the tip of the root canal was
dried using hygroscopic paper and was subsequently filled
with the multiple antibiotic paste before being temporarily
sealed using glass ionomer (Changshu Shangchi Dental
Materials Co., Ltd.; approval no. 20193171718). In Groups B
and C, the root canal was dried with tissue, filled with 23.9%
ApexCal Calcium hydroxide and temporarily sealed with
glass ionomer.

Third visit. Patients returned 2 weeks after drug sealing and
if there were no obvious issues and the local mucosa returned
to its normal state, the paste in the root canal was washed away
with purified water. The root canal lumen with filled with vitex
paste (Neo Dental Chemical Products Co., Ltd.), a material
based on glass ionomer cement, and filled with composite
resin. If there were no obvious issues 1 week after filling, a
pre-coronation examination, which includes oral examination
and X-rays, was performed to ensure the effectiveness of root
canal treatment and the stability of the filling. Root canal
treatment was performed by the same doctor.

Follow-up visits. Follow-up visits were conducted
at 6 and 12 months after root canal treatment. Clinical symp-
toms of the affected tooth and the condition around the root
were recorded by X-ray. X-ray records were completed by the
dental assistant.

Evaluation of pain intensity. Following the surgery, the
pain level of patients was assessed through a questionnaire
analyzing pain scores. A WeChat (Tencent; version 8.0.40)
mini-program facilitated pain follow-ups on 1, 3 and 7 days
after the treatment. The Visual Analog Scale (VAS) was
employed to gauge the severity of pain among the treatment
groups. The scale comprised a total score of 10 points, where
higher scores indicated more intense pain. Pain levels were
categorized as follows: 1) 0 (no pain); ii) 1-3 (mild pain); iii) 4-6
(moderate pain); and iv) 7-10 (severe pain).

Therapeutic efficacy evaluation. The assessment of root canal
treatment outcomes was conducted at the 6 and 12-month
post-treatment marks, based on a number of criteria. The
criteria for an effective treatment were as follows: 1) No notice-
able loosening or swelling of the treated tooth post-surgery;
i1) healing of the original gum leakage; iii) X-rays demon-
strated either the disappearance or reduction of shadows in the
affected area; and iv) no anomalies in the inherited permanent
tooth germs. The criteria for an ineffective treatment were as
follows: i) Presence of postoperative bleeding, spontaneous
pain, occlusal pain, redness, swelling, sinus formation or tooth
loosening; and ii) X-rays demonstrated no substantial changes,
an increase in shadows in the thinning area of the apical bone
or progressive pathological resorption.
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Statistical analysis. Data sorting and analysis were conducted
using SPSS software (version 23.0; IBM Corp.). The VAS
scores were presented as median + interquartile range
and were analyzed using the Kruskal-Wallis test followed
by Dunn's post hoc test. Fisher's exact test followed by
Bonferroni's correction was used to analyze the therapeutic
effect after root canal treatment. Count data were expressed
as percentages.

Results

Study criteria. A total of 90 patients were enrolled in the
present study, each having one affected tooth with periapical
periodontitis of deciduous teeth (Fig. 1).

Evaluation of pain severity ondays 1, 3 and 7 post-treatment.
The pain response scores at 1,3 and 7 days after surgery were
analyzed (Fig. 2; Tables SI, SIT and SIIT). Notably, Group
A exhibited significantly lower pain scores compared with
Groups B and C on days 1 and 3 post-treatment (P<0.05).
Group B demonstrated a significantly lower postopera-
tive pain scores compared with Group C on days 1 and 3
post-treatment (P<0.05). However, by day 7 post-treatment,
there was no significant difference in pain scores among
the three treatment groups (P>0.05). These findings suggest
that, during the early postoperative period, the combined
approach of the NiTi device, ultrasonic irrigation and
multiple antibiotic treatment administered to Group A may
have contributed to superior pain reduction compared with
the other treatments.

Evaluation of treatment efficacy at 6 and 12 months post-
treatment. The efficacy of the treatments were evaluated
6 months after surgery. X-rays from Group B were used as
examples for efficacy evaluation. No abnormal images were
detected of the root and germ of the permanent tooth of the
left lower second deciduous molar, which indicated effective
treatment 6 months following surgical treatment (Fig. 3).
Conversely, the distal root resorption of the right lower
primary molar displayed a low periapical density shadow, thus
was recorded as an ineffective treatment (Fig. 4). The observa-
tion of treatment outcomes at 6 and 12 months post-treatment
reinforced the distinctions demonstrated between the various
treatments applied in the present study. Imaging of the
effectively treated teeth exhibited normalcy in the periapical
region, whereas ineffectively treated teeth demonstrated
significant abnormal shadows. These results highlighted the
role of research in assessing therapeutic effects in clinical
applications and may offer practical insights for the long-term
management of periapical inflammation of deciduous teeth.

At 6 months after the root canal procedures, there was one
ineffective case in Group A, two in Group B and eight in Group
C, which resulted in an effective treatment rate of 96.66, 93.33
and 73.33%, respectively (Table I). The effective treatment rate
in both Groups A and B were significantly higher compared
with that of Group C (P<0.05). However, there was no signifi-
cant difference in the effective treatment rate between Groups
A and B (P>0.05). This highlighted the potential superior
efficacy observed in Groups A and B compared with Group C
at the 6-month interval post-root canal treatment.
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Figure 1. Participant flow diagram.
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In the extended observation at 12 months following root
canal treatment, each of the three treatment groups exhibited
cases of ineffective treatment (Table IT). The effective treatment
rate for Group A was 93.33%, which was significantly higher
compared with that of Group C which was 63.33% (P<0.05).
However, there was no significant difference in the effective
treatment rate of Group B (70.00%) and Group C. Neither
between Group B and Group A. These findings emphasized
the increased efficacy exhibited by the treatment administered
to Group A, which suggests its superiority over the treatment
administered to Group C over a 12-month period. These data
provided support for the efficacy of the treatment protocol
implemented in Group A.

Discussion

Root canal treatment stands as a pivotal therapeutic approach
in managing apical infections of deciduous teeth, with the

overarching objective of facilitating the physiological
shedding of deciduous teeth (26). The pivotal role of micro-
organisms within the root canal system in initiating and
perpetuating pulp and periapical ailments underscores the
criticality of effectively eliminating bacteria from the root
canal for the success of the treatment (27). The intricate
anatomy of the root canal, coupled with the deep infiltration
of bacteria and debris into dentin tubules, pose challenges to
traditional treatment methods such as mechanical NiTi prep-
aration and ultrasonic flushing, particularly in addressing
collateral branches of the root canal (28,29). Consequently,
the present study employed a randomized controlled design
to assess the clinical efficacy of combining mechanical
NiTi file preparation with ultrasonic cleaning, alongside the
application of a multiple antibiotic paste. This multifaceted
approach aimed to overcome the limitations of traditional
techniques and enhance the overall efficacy of root canal
treatment in deciduous teeth.
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Figure 2. Pain degree of Groups A, B and C at days 1, 3 and 7 after the root

canal procedure. "P<0.05, “P<0.01 and ""P<0.001. ns, not significant.

Figure 3. No abnormal images taken from group B (the encircled root was
clear with no resorption) were found in the root and permanent tooth germ of
the left lower second primary molar.

Figure 4. Abnormal images taken from group B, showing distal root resorp-
tion (encircled root) of the right lower first primary molar with low periapical
density shadow.

The results of the present study demonstrated differ-
ences in the pain scores reported among the three treatment
groups on days 1 and 3 post-treatment. Specifically, Group
A exhibited significantly lower pain VAS scores compared
with Groups B and C, with Group B also demonstrating
lower scores compared with Group C. By day 7, all treatment
groups demonstrated a substantial improvement in pain levels.
Post-root canal preparation, pain can stem from inadequacies

early inflammatory symptoms such as redness, swelling, heat
and pain. The amalgamation of these factors significantly
alleviated postoperative pain in Group A compared with
Group C. These results suggested that the combined utiliza-
tion of NiTi mechanical preparations, ultrasonic irrigation and
multi-faceted antibiotic therapy presented substantial advan-
tages in reducing pain post-root canal treatment in deciduous
teeth. This multifaceted approach potentially holds promise in
enhancing the treatment compliance of pediatric patients.

The outcomes of the present study demonstrated notable
differences in the effective treatment rates between Group A
and Group B. At the 6-month mark post-root canal treatment,
coupled with the application of tightly closed metal preformed
crowns, Group A and Group B exhibited effective rates of 96.66
and 93.33%, respectively. Effective treatment rates showed a
significant disparity at the 12-month mark, with effective rates
of 93.33 and 70.00% for Groups A and B, respectively. The
superior response rate in Group A compared with Group B
could potentially be attributed to the multi-antibiotic treatment
administered within 2 weeks after root canal preparation. This
intervention served a crucial role in controlling the microor-
ganisms within the root canal, thereby facilitating the recovery
of inflammation in the periapical tissue. These findings high-
lighted the efficacy of the antibiotic regimen administered to
Group A, substantiating its role in promoting the resolution of
periapical inflammation.

In the present study, the multi-antibiotic protocol adopted
in Group A comprised metronidazole, ciprofloxacin, minocy-
cline, cefixime and dexamethasone. Each component in this
regimen served a specific purpose to collectively enhance
the therapeutic outcome. Metronidazole, classified as a
nitroimidazole organic compound, exhibits a broad-spectrum
antibacterial effect, particularly against anaerobic bacteria (31).
Ciprofloxacin, a fluoroquinolone, exerts potent antimicrobial
activity against gram-negative bacteria by primarily inhibiting
DNA replication (32). Minocycline, belonging to the tetracy-
cline class, disrupts bacterial protein synthesis, contributing
to its antimicrobial effects (33). Cefixime, a cephalosporin
antibiotic, demonstrates robust antibacterial efficacy against
streptococcal sclerotinia and Fusobacterium (21). Lastly, dexa-
methasone, a glucocorticoid, possesses anti-inflammatory,
anti-allergic and analgesic properties (24).

By contrast, the application of calcium hydroxide as a
sealant in Group B, while biologically active and capable of
disrupting bacterial biofilms, creating an alkaline environment
and neutralizing acidic substances, exhibits antibacterial effi-
cacy inferior to that of certain types of antibiotic pastes (34).
Consequently, Group A demonstrated a superior treatment
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Table I. Comparison of therapeutic effect 6 months after root canal treatment.

Treatment Number of Effective Ineffective

group teeth, n treatment, n (%) treatment, n (%) P-value

A 30 29 (96.66) 1(3.34) P>0.05 (vs. Group B)

B 30 28 (93.33) 2 (6.67) P=0.0489 (vs. Group C)
C 30 22 (73.33) 8 (26.67) P=0.0160 (vs. Group A)

Table II. Comparison of therapeutic effect 12 months after root canal treatment.

Treatment Number of Effective Ineffective

group teeth, n treatment, n (%) treatment, n (%) P-value

A 30 28 (93.33) 2 (6.67) P>0.05 (vs. Group B)

B 30 21 (70.00) 9 (30.00) P>0.05 (vs. Group C)
C 30 19 (63.33) 11 (36.67) P=0.0197 (vs. Group A)

outcome, which was potentially due to the potent antimicro-
bial properties of its multi-antibiotic regimen. Additionally,
the treatment efficiency of Group B surpassed that of Group
C. This result may be attributed to the combined use of NiTi
mechanical preparation and ultrasonic irrigation, which
could facilitate the effective removal of infectious materials
and smear layers within the root canal (14). This synergistic
approach enhanced the overall treatment efficiency, potentially
highlighting the importance of employing multiple treatment
strategies for optimal therapeutic results.

Further research should focus on proposing potential
mechanisms for the observed effects reported in the present
study. Furthermore, a more detailed discussion of limitations,
along with suggestions for future research to address these
limitations, is encouraged. For example, the use of a single
antibiotic compared with the use of mixed antibiotics in the
present study to optimize the ratio of the components of the
antibiotics mixture. While the findings of the present study
may have scientific and clinical significance, specifying how
these findings could be practically applied in clinical settings
and delineating steps for using NiTi devices and antibiotics in
root canal treatment are important for the broader implemen-
tation of treatment strategies to patients.

The findings of the present study demonstrated that a
significant pain reduction was achieved through the synergistic
approach of NiTi mechanical preparation, ultrasonic irrigation
and multi-antibiotic occlusion during root canal treatment of
deciduous teeth. This combined methodology not only effectively
mitigated postoperative pain but also enhanced overall treatment
efficiency. The positive outcomes observed with the application
of NiTi files, ultrasonic irrigation and multi-antibiotic closure in
the management of periapical inflammation in primary teeth may
signify its potential for broader clinical adoption in the future.

The present study analyzed the efficacy of the NiTi file,
ultrasonic irrigation and multi-antibiotic closure approach in
the clinical treatment of primary teeth with periapical inflam-
mation. This method potentially holds promise for wider
implementation and may contribute to the future advancement

of contemporary clinical practices. Furthermore, the use of
multiple antibiotic pastes as a treatment option for root canal
closure in deciduous teeth offers an efficient treatment for
patients in clinical settings.
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