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Abstract—BACKGROUND: Traditional endodontic 

treatment incorporates a combination of mechanical 

debridement using hand or rotary instruments and 

chemical disinfection through irrigants. Sonic and 

ultrasonic irrigation techniques represent a significant 

advancement in endodontic disinfection, utilizing 

acoustic energy to induce the movement of irrigants 

within the root canal. AIM: The aim of this review is to 

compares both techniques in terms of bacterial 

reduction, debris removal, and clinical outcomes to 

guide evidence-based irrigation protocols. 

MATERIALS AND METHOD: The inclusion and 

exclusion criteria for selecting studies were established 

based on the Population, Intervention, Comparison, 

Outcome, and Study design (PICOS) framework to 

ensure a structured and rigorous selection process. A 

narrative synthesis summarized outcomes on bacterial 

reduction, debris removal, and clinical success. 

Subgroup analyses were based on tooth type, irrigant 

used, activation parameters (frequency, duration), and 

outcome type (clinical vs. microbiological). Data was 

managed in Microsoft Excel and analyzed using 

RevMan. RESULT: A review of 24 studies on extracted 

human teeth compared sonic (SI) and ultrasonic 

irrigation (UI). These papers evaluated smear layer  

removal, debris clearance, and bacterial reduction. 

SEM Scanning Electron Microscope evaluations showed 

that PUI cleans complex anatomy and the apical third 

more effectively than SI. Additionally, PUI achieved 

greater reductions in E. faecalis (CFU) counts, though 

neither method completely eradicated the bacteria. 

CONCLUSION: It was concluded that Ultrasonic 

irrigation cleans, disinfects, and penetrates root canals 

more effectively than sonic systems. Evidence indicated 

that PUI is superior to SI for achieving maximum canal 

cleanliness, making it the preferred method for complex 

root canal networks. 

 

Index Terms—Sonic irrigation; Ultrasonic irrigation; 

Passive ultrasonic irrigation; Irrigant activation; Root 

canal irrigation; Root canal disinfection; Debris 

removal; Endodontics. 

 

I. INTRODUCTION 

 

There are high success rate (97%) after 10 years of 

follow-up and 76% after 30 years, still failures can 

happen, requiring procedures like retreatment or 

apical surgery.[1] The success of endodontic treatment 

depends on the complete elimination of 

microorganisms from the root canal system, which 

remains challenging due to its complex anatomy 

[1,2]. Persistent bacteria, particularly biofilm-forming 

species like Enterococcus faecalis and 

Fusobacterium nucleatum, are strongly associated 

with endodontic failure, highlighting the need for 

irrigation techniques capable of reaching areas 

beyond mechanical instrumentation [4,5].  

 

Traditional endodontic therapy combines mechanical 

debridement with chemical irrigation; however, 35–

50% of canal surfaces remain untouched, especially 

in irregular canals, emphasizing the importance of 
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irrigation for effective disinfection [6–10]. 

Conventional syringe irrigation commonly uses 

sodium hypochlorite (NaOCl) for its antimicrobial 

and tissue-dissolving properties, along with 

(Ethylenediaminetetraacetic acid) EDTA for smear 

layer removal and (Chlorhexidine) CHX for 

substantivity [10–14]. Nevertheless, their efficacy is 

limited by the delivery method [15]. 

 

Conventional syringe irrigation relies on hydraulic 

pressure but fails to adequately penetrate the apical 

third, lateral canals, and isthmuses, with efficacy 

further limited by the vapor lock effect [16–18]. 

Advanced strategies, including negative pressure 

systems like EndoVac and side-vented needles, 

improve irrigant delivery and coverage [19–21]. 

However, they remain insufficient in achieving 

effective irrigant activation for optimal biofilm 

disruption and deep debris removal. 

 

Advanced irrigation methods, including passive 

ultrasonic irrigation (PUI), apical negative pressure, 

and laser activation, enhance irrigant efficacy [22–

24]. Among these, sonic and ultrasonic activation 

improve disinfection via acoustic energy and 

hydrodynamic forces [25,26]. Sonic systems (1–6 

kHz) enhance irrigant flow and smear layer removal 

but have limited cavitation [27–30], whereas 

ultrasonic systems (25–40 kHz) generate stronger 

acoustic streaming and cavitation, improving irrigant 

penetration and bactericidal effectiveness [31]. 

 

Ultrasonic devices (e.g., Piezon Master 700, Irrisafe) 

enhance disinfection through cavitation and micro 

bubble collapse, improving biofilm disruption, debris 

removal, and dentinal tubule penetration, though heat 

generation may cause dentinal damage and post-

operative discomfort [25,32–35]. Despite 

advancements, persistent infection and inconsistent 

evidence on sonic versus ultrasonic efficacy highlight 

the need for systematic evaluation [25]. This review 

compares both techniques in terms of bacterial 

reduction, debris removal, and clinical outcomes to 

guide evidence-based irrigation protocols [36]. 

 

II. METHODOLOGY 

 

Study Design: This systematic review was conducted 

in accordance with PRISMA guidelines [37] and 

registered with PROSPERO (CRD420250643233) to 

ensure transparency and reproducibility. 

 

Review Question 

This systematic review was designed to address the 

following research questions: 

1. How does sonic irrigation techniques affect 

bacterial reduction, debris removal, and overall 

clinical success? 

2. How does ultrasonic irrigation techniques affect 

bacterial reduction, debris removal, and overall 

clinical success? 

3. How does sonic and ultrasonic irrigation 

techniques differently affect bacterial reduction, 

debris removal, and overall clinical success? 

 

Search strategy: A comprehensive literature search 

was conducted across PubMed/MEDLINE, Embase, 

Scopus, Web of Science, CENTRAL, Google 

Scholar, and ClinicalTrials.gov. The strategy used 

MeSH terms and free-text keywords (e.g., “sonic 

irrigation,” “ultrasonic irrigation,” “root canal 

irrigation,” “bacterial reduction,” “debris removal,” 

“root canal disinfection,” “clinical success,” 

“endodontic irrigation,” “activation of irrigants,” 

“passive ultrasonic irrigation”) combined with 

Boolean operators. Reference lists of included studies 

and relevant reviews were also screened. No initial 

language restrictions were applied, but only English-

language studies were included. 

 

III. ELIGIBILITY CRITERIA 

 

•Population (P): Patients undergoing root canal 

treatment in permanent teeth, irrespective of age, 

gender, or systemic health conditions.  

• Intervention (I): Root canal irrigation performed 

using sonic irrigation techniques such as 

EndoActivator, Vibringe, or other sonic activation 

devices. 

• Comparison (C): Studies comparing sonic irrigation 

with ultrasonic irrigation (e.g., Piezon Master 700, 

Irrisafe tips, NSK Varios, etc.) or conventional 

syringe irrigation.  

• Outcomes (O): The primary outcomes assessed will 

include bacterial load reduction, debris removal 

efficacy, and clinical success.  
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Additional outcomes such as post-operative pain, 

canal cleanliness, and procedural time will also be 

considered. 

• Study Design (S): The review includes randomized 

controlled trials (RCTs), observational studies 

(prospective and retrospective), and experimental 

studies that provide comparative data on the efficacy 

of these irrigation techniques. 

 

IV. INCLUSION CRITERIA 

 

 Studies evaluating sonic and/or ultrasonic irrigation 

techniques in in-vivo or ex-vivo human teeth models.  

• Studies comparing sonic irrigation versus ultrasonic 

irrigation or either technique versus conventional 

syringe irrigation.  

• Studies reporting quantitative data on bacterial 

reduction, debris removal, or clinical success.  

• Studies with full text available in English language  

• No restriction on the date of publication. All studies 

published from inception to the present will be 

included. 

 

V. EXCLUSION CRITERIA 

 

In vitro studies conducted on extracted teeth without 

clinical or microbiological relevance.  

• Studies evaluating primary teeth, as their canal 

morphology differs significantly from permanent 

teeth.  

• Narrative reviews, opinion papers, case reports, and 

letters to the editor.  

• Studies with insufficient data or methodological 

flaws that prevent meaningful analysis. 

 

Study Selection Process 

Study selection was performed in three phases: (1) 

Title and abstract screening by two independent 

reviewers, (2) Full-text evaluation of eligible studies 

with discrepancies resolved through discussion or a 

third reviewer, and (3) Final inclusion for qualitative 

and quantitative synthesis. The process was 

documented using a PRISMA flow diagram. Inter-

rater agreement was found to be 0.8.  

 

Data extraction 

A standardized form was used to extract data on 

study characteristics, patient demographics, 

intervention details (irrigation type, device, activation 

time, frequency), comparators, outcomes (bacterial 

reduction, debris removal, clinical success), and 

follow-up duration. Data extraction was performed 

independently by two reviewers, with discrepancies 

resolved through discussion or a third reviewer. 

 

Risk of bias:  

Risk of bias was assessed using RoB 2 for RCTs 

[38], ROBINS-I for non-randomized studies [39], 

and the Newcastle-Ottawa Scale for observational 

studies [40]. Study quality was independently 

evaluated by two reviewers using the GRADE 

approach, with disagreements resolved by consensus. 

 

Data Synthesis and Statistical Analysis 

 A narrative synthesis summarized outcomes on 

bacterial reduction, debris removal, and clinical 

success. Subgroup analyses were based on tooth type, 

irrigant used (NaOCl, EDTA, CHX, MTAD), 

activation parameters (frequency, duration), and 

outcome type (clinical vs. microbiological). 

 

VI. RESULT 

 

A total of 24 studies compared sonic (SI) and 

ultrasonic irrigation (UI) [41–64], with inclusion 

requiring at least one SI and UI group. Most were in 

vitro studies (n=22), with two RCTs, and sample 

sizes ranged from 20 to 240. Studies primarily used 

extracted human teeth and were conducted across 

multiple countries, led by Turkey, China, Germany, 

Italy, and India, between 2003 and 2025. Tooth types 

varied, including single-rooted premolars, molar 

roots, and anterior teeth, with some studies using 

simulated canals; most samples were decoronated 

and standardized.  
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Figure: PRISMA Flow diagram indicating the 

selection process of the articles in the present 

systematic review 

 

Irrigation activation methods varied, with passive 

ultrasonic irrigation (PUI) used in 19 studies and 

sonic irrigation (SI) in 15 studies, commonly 

employing devices such as VDW Ultra, P5 Booster, 

Satelec Acteon (ultrasonic) and EDDY (6000 Hz) 

(sonic). Activation times ranged from 30 seconds to 3 

minutes in multiple cycles. NaOCl (1–5.25%) was 

the primary irrigant, often followed by 17% EDTA, 

with some use of CHX or saline; dyes were 

occasionally used to assess penetration. Sonic devices 

used polyamide tips (size 20–25), while ultrasonic 

systems operated at 28–36 kHz using K-files or 

IrriSafe tips. 

Outcomes included smear layer removal (21 studies), 

debris removal (12 studies), and bacterial reduction 

(10 studies). SEM-based assessments showed PUI to 

be more effective than SI, particularly in the apical 

third and complex areas. Bacterial reduction, 

commonly evaluated using E. faecalis (CFU), was 

greater with PUI, although neither technique 

achieved complete elimination. 

Irrigant penetration (9 studies), assessed via CLSM, 

was greater with PUI due to enhanced acoustic 

streaming and cavitation. One study reported more 

stable cavitation with PUI using 

sonochemiluminescence. In two RCTs, postoperative 

pain (VAS) was lower with PUI in early phases, with 

differences diminishing by day 7. 

None of the techniques achieved complete bacterial 

elimination; however, PUI showed superior 

performance over sonic irrigation across smear layer 

removal, bacterial reduction, and irrigant penetration, 

particularly in apical and complex regions. Sonic 

systems (e.g., EDDY) outperformed conventional 

syringe irrigation but remained less effective than 

ultrasonics. Activation protocols typically involved 

30–120 seconds (often 3 × 20 s cycles) with irrigant 

volumes of 3–12 mL, sometimes followed by saline 

or distilled water rinses. 

Evaluation methods varied, including SEM with 

blinded calibrated examiners, CLSM with ImageJ 

analysis, and imaging tools for cavitation assessment; 

some studies also recorded temperature changes. 

Limitations included the predominance of in vitro 

designs, methodological heterogeneity, variable 

sample sizes, and inconsistent control of factors such 

as temperature and irrigant neutralization. Few 

studies assessed patient outcomes, with limited data 

on postoperative pain, curved canals, and long-term 

follow-up, restricting clinical applicability. 

 

Risk of Bias Interpretation 

All 24 studies were assessed using the QUIN tool 

[65], evaluating domains such as study design, 

controls, blinding, standardization, outcome validity, 

and statistical analysis. Most studies (n=15) showed 

low risk of bias, demonstrating strong 

methodological rigor despite often lacking sample 

size calculations. 

Eight studies showed a moderate risk of bias, mainly 

due to lack of sample size justification and assessor 

blinding, though overall design, statistical analysis, 

and outcome measures were acceptable. Sabins et al. 

(2003) reported a serious risk of bias due to outdated 

and less rigorous methodology, including absence of 

blinding, sample size calculation, and control 

measures [41]. Lack of procedural standardization 
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reduced confidence in some findings despite the use 

of validated outcome tools. All studies reported 

conflict of interest status, supporting transparency. 

Overall, QUIN assessment indicated acceptable to 

high methodological quality, with only one study 

showing serious concerns [65]. These findings 

support the reliability of the review while 

highlighting the need for improved sample size 

estimation and blinding in future in vitro studies. 

 

VII. DISCUSSION 

 

This systematic review evaluated irrigation activation 

techniques—ultrasonic, sonic, laser-activated, and 

conventional—to identify methods that improve 

canal cleanliness and disinfection [41–64,66, 67]. 

Across 24 studies (2003–2025) from multiple 

countries, most were in vitro (23/24), with only one 

RCT assessing postoperative pain [64]. Research has 

shifted from syringe irrigation to advanced systems 

like SWEEPS in recent years. While sample sizes 

(20–200+) generally supported comparisons, few 

studies reported power calculations, though 

standardized canal models aided consistency. 

Studies used various teeth—mainly single-rooted 

premolars, molar roots, and anterior teeth—with 

standardized canal lengths to reduce variability [41–

64]. Tooth selection aligned with study aims, with 

simple anatomies for penetration analysis and 

complex morphologies for challenging scenarios; use 

of extracted teeth improved clinical relevance. 

All studies compared activation methods with syringe 

irrigation. Passive ultrasonic irrigation (PUI), most 

commonly used (19 studies), enhanced cleaning via 

micro streaming and cavitation [46, 49, 51]. Sonic 

systems (15 studies), especially EDDY, improved 

outcomes over syringe irrigation but were generally 

less effective than PUI, with advantages in curved 

canals [44, 45]. Newer systems (e.g., Easydo 

Activator, Perfect Clean) showed promising early 

results, though evidence remains limited [59, 62]. 

Activation protocols typically ranged from 30 

seconds to 3 minutes (often 3 cycles of 20–30 

seconds) with tips ~1 mm short of working length 

and irrigant volumes of 3–12 mL. Sodium 

hypochlorite (1–5.25%) followed by 17% EDTA was 

standard, with some use of saline or dyes; consistent 

reporting enabled reliable comparisons [41–64]. 

Smear layer removal (21 studies), assessed by SEM, 

showed activation methods outperforming syringe 

irrigation, with ultrasonics most effective due to 

stronger acoustic energy and cavitation—especially 

in coronal and middle thirds, though reduced apically 

due to limited energy and irrigant exchange [41–

64,44,49,52]. Sonic irrigation improved smear layer 

removal over syringe methods but remained less 

effective than ultrasonics due to lower frequency and 

energy limiting micro streaming and cavitation [29, 

30]. However, EDDY performed well in simple 

canals and offered added safety with flexible tips 

[44,45]. 

Debris removal (12 studies) showed similar trends, 

with ultrasonic and sonic systems outperforming 

syringe irrigation [41–64]. Ultrasonics were 

particularly effective in complex anatomies and 

fractured instrument cases, though outcomes depend 

on proper tip positioning and free movement in 

curved or narrow canals. 

Bacterial reduction (10 studies using E. faecalis 

models) showed no method achieved complete 

elimination, but ultrasonic activation consistently 

produced greater CFU reduction than sonic and 

syringe techniques, due to enhanced NaOCl 

penetration via acoustic streaming and cavitation 

[42,50,51]. Erkan et al. (2022) also reported lower 

postoperative pain with ultrasonic irrigation, likely 

reflecting improved disinfection [64]. Sonic systems 

showed moderate, less consistent effects, mainly in 

coronal and middle thirds. 

Irrigant penetration (9 CLSM studies) confirmed the 

superiority of activation techniques, with passive 

ultrasonic irrigation achieving the greatest depth and 

area, followed by sonic systems like EDDY [71]. 

Ultrasonic activation showed penetration >500 µm, 

sufficient for biofilm disruption [55,47], while 

syringe irrigation remained superficial. 

An RCT reported the lowest postoperative pain with 

ultrasonic irrigation at 48 hours and 7 days, likely 

due to better disinfection and deeper penetration [64]. 

Overall, activation—especially ultrasonic—

outperforms syringe methods, with sonic systems 

offering moderate benefits and supporting routine 

clinical use. 

Most studies were in vitro, limiting clinical 

applicability as they do not replicate in vivo 

conditions such as fluid dynamics, anatomical 

variability, and host response. Methodological 
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heterogeneity (tip design, insertion depth, irrigant 

protocols, evaluation methods), along with limited 

RCTs and long-term data, restricts generalization. 

QUIN assessment also identified lack of sample size 

calculations and inadequate blinding—especially in 

SEM scoring—raising risks of bias, while 

inconsistent reporting of activation parameters further 

contributed to outcome variability [65,72]. 

Variability in irrigant protocols and canal anatomy 

introduced significant heterogeneity, limiting 

generalizability, while the predominance of in vitro 

studies reduces clinical applicability [41–64]. Despite 

this, irrigant activation—especially passive 

ultrasonic—demonstrates clear clinical advantages, 

with superior smear layer and debris removal, 

bacterial reduction, and apical penetration compared 

to syringe methods. Sonic systems provide moderate 

benefits, particularly in simpler anatomies, with 

added safety due to flexible tips [44,48,58]. 

Future research should focus on robust methodology 

(power analysis, blinding, standardized protocols) 

and more RCTs to assess long-term effectiveness and 

cost-benefit. Studies in complex anatomies, diverse 

populations, and combined activation with novel 

irrigants are needed to optimize endodontic 

disinfection. 

 

VIII. CONCLUSION 

 

This review found passive ultrasonic irrigation 

superior to sonic systems for root canal cleaning, 

with better smear layer and debris removal, deeper 

apical penetration, and greater bacterial reduction. 

These benefits stem from higher frequency and 

energy generating stronger acoustic streaming and 

cavitation. Sonic systems improved outcomes over 

syringe irrigation but were less effective in deep and 

curved canals. Overall, PUI is preferred for optimal 

disinfection, especially in complex anatomies, though 

further clinical trials are needed. 
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