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Abstract: 
Background and Objectives: Oral cancer treatment remains challenging due to limited drug penetration, high 

recurrence rates, and systemic toxicity associated with conventional therapies. Sonoporation, a technique 

utilizing ultrasound-induced microbubble oscillations to enhance cellular permeability, has emerged as a 

promising strategy for targeted drug delivery. This study aims to evaluate the efficacy, mechanisms, and clinical 

potential of sonoporation in improving drug uptake and therapeutic outcomes in oral cancer treatment. 

Methods: A systematic review of preclinical, mathematical modeling, and clinical studies from 2015 to 2024 

was conducted. Key parameters such as ultrasound frequency, microbubble formulations, drug penetration 

efficiency, and tumor regression rates were analyzed. 

Results: Sonoporation enhanced intracellular drug concentrations by 30-70%, improved tumor regression, and 

increased survival rates in clinical trials. Challenges included standardization, safety concerns, and cost. 

Conclusion: Sonoporation shows significant potential for non-invasive, targeted oral cancer therapy but 

requires further clinical validation and optimization for widespread application. 
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I. Introduction 
Oral cancer remains a significant global health challenge, with a high mortality rate due to late-stage 

diagnosis and limited treatment efficacy [1]. Conventional treatment modalities, including surgery, 

chemotherapy, and radiotherapy, often fail to achieve complete tumor eradication while causing severe systemic 

toxicity and adverse side effects [2]. As a result, there has been an increasing demand for targeted drug delivery 

systems that enhance therapeutic efficacy while minimizing damage to healthy tissues [3]. Among these 

emerging approaches, sonoporation—a technique that utilizes ultrasound-induced microbubble oscillations to 

create transient pores in cell membranes—has gained attention for its potential in improving drug penetration in 

solid tumors, including oral squamous cell carcinoma [4]. 

Sonoporation enhances the delivery of chemotherapeutic agents by increasing cellular permeability, 

enabling drugs to reach tumor cells more efficiently than traditional methods [5]. The process involves the 

interaction between ultrasound waves and gas-filled microbubbles, which oscillate and collapse under acoustic 

pressure, generating mechanical forces that temporarily disrupt cell membranes and facilitate drug uptake [6]. 

This non-invasive method allows for localized drug delivery, significantly reducing off-target toxicity and 

systemic side effects commonly associated with chemotherapy [7]. Additionally, sonoporation can enhance the 

therapeutic effect of gene therapy, making it a promising tool in personalized cancer treatment strategies [8]. 

Several preclinical and clinical studies have demonstrated that sonoporation improves drug retention in 

tumors and enhances therapeutic outcomes compared to conventional drug administration techniques [9]. 

Experimental  models have shown that sonoporation-mediated drug delivery leads to higher intracellular drug 

concentrations, increased apoptosis, and improved tumor regression rates [10]. Notably, studies indicate that 

when sonoporation is combined with targeted microbubble formulations, such as ligand-conjugated 

microbubbles or nanoparticles, it can further optimize drug uptake and therapeutic specificity [11]. These 

findings suggest that combining sonoporation with existing chemotherapy protocols could lead to more 

effective treatment strategies for oral cancer patients [12]. 
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Another significant advantage of sonoporation is its ability to modulate the tumor microenvironment, 

improving drug penetration into otherwise resistant tumor tissues [13]. Many solid tumors, including oral 

squamous cell carcinoma, exhibit high interstitial fluid pressure and dense extracellular matrices, which hinder 

drug diffusion and reduce chemotherapy effectiveness [14]. Sonoporation has been shown to enhance vascular 

permeability, allowing for better drug distribution within the tumor [15,16]. 

Despite these promising advantages, several challenges remain in the clinical translation of 

sonoporation for oral cancer treatment [17]. One key limitation is the lack of standardized ultrasound 

parameters, as variations in frequency, intensity, and microbubble composition significantly impact treatment 

efficacy [18]. Additionally, long-term safety concerns, such as potential damage to surrounding tissues and 

unintended immune responses, must be thoroughly investigated before widespread clinical adoption [19]. 

Another challenge is the cost and accessibility of specialized ultrasound equipment, which may limit the 

widespread ssimplementation of sonoporation in resource-limited settings [20]. However, ongoing research is 

focused on developing portable, cost-effective ultrasound systems, making this technology more feasible for 

clinical applications in oncology [21]. 

The future of sonoporation in oral cancer treatment lies in further optimizing microbubble 

formulations, refining ultrasound protocols, and conducting large-scale clinical trials to establish safety and 

efficacy [22]. Additionally, integrating sonoporation with immunotherapy and nanotechnology-based drug 

delivery systems could open new avenues for precision oncology, potentially revolutionizing cancer treatment 

strategies [23]. By addressing current limitations and expanding research efforts, sonoporation has the potential 

to emerge as a game-changing modality in the fight against oral cancer, offering a non-invasive, highly targeted, 

and effective therapeutic approach. 

 

 
Figure 1. Sonoporator 

 

II. Material And Methods 
Search Strategy: A systematic search was conducted to identify relevant studies on the application of 

sonoporation in dentistry. Databases such as PubMed, Scopus, Web of Science, and Google Scholar were 

searched for articles published between 2015 and 2024. The search was carried out using the following 

keywords: "sonoporation," "dentistry," "sound-based therapy," "oral cancer," "dental treatment," "biofilm 

disruption," "drug delivery" and "tooth regeneration." The search was limited to studies published in English 

and focused on human and in vitro clinical trials. 

 

Inclusion/Exclusion Criteria: 

Studies were included based on the following criteria: 

• Studies that evaluated the effects of sonoporation in dental treatments, including tissue regeneration, biofilm 

management, or other dental procedures. 

• Clinical trials (both in vivo and in vitro) that assessed the efficacy and safety of sonoporation in dentistry. 

• Articles published in peer-reviewed journals between 2015 and 2024. 

 

Exclusion criteria included: 

• Studies that did not focus on dental applications of sonoporation. 

• Animal studies or non-human clinical trials. 

• Studies with incomplete or unclear data. 

• Articles not written in English. 
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Data Extraction: Data were extracted from the selected studies, including the study design, sample size, 

methodology, outcomes (e.g., effect on biofilm disruption, tissue regeneration), and the use of sonoporation in 

various dental procedures. Key data points, such as the parameters of sonoporation (frequency, duration, 

intensity), were also noted. 

 

Synthesis of Data: Data from the included studies were synthesized qualitatively to assess the overall impact of 

sonoporation in dentistry. No statistical meta-analysis was performed due to the heterogeneity in study designs. 

The results were categorized by treatment outcomes, and a descriptive summary of findings was provided to 

highlight trends and clinical implications. 

 

 
Figure 1: Flowchart of study methodology 

 

III. Results 
A total of 40 records were initially identified through database searches and registers, of which 5 were 

duplicates. After removing these duplicates, 35 records remained. A further 28 records were excluded during the 

screening process due to irrelevance to the topic or lack of focus on sonoporation in dentistry. Following 

eligibility assessment, 7 studies were included in the review (Table 1). The reasons for exclusion included: 20 

reports were not relevant to the topic and 5 reports were not retrieved due to unavailable full-text versions. The 

final selection included clinical trials, in vitro studies, and a few animal model studies that evaluated the effects 

of sonoporation in dental applications, such as tissue regeneration, biofilm disruption, and drug delivery. 
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Table 1: Summary of study details 

Author(s) Year Study Design Sample Size 
Study Focus and Outcome 

Measures 

Hirabayashi et al. 

[24] 
2017 

In vitro & in vivo 
experimental study 

In vitro: Ca9-22 cells; 
In vivo: Murine model 

Evaluated EGFR-targeted 

sonoporation with microbubbles for 

bleomycin delivery in oral squamous 
carcinoma. Showed increased 

apoptotic cells and >60% tumor 

volume reduction. 

Chowdhury et al. 

[25] 
2017 Literature review Not applicable 

Summarized ultrasound and 

microbubble-mediated drug delivery 

in cancer, showing sonoporation 
increases drug penetration by 2-3 

times while reducing systemic 

toxicity. 

Snipstad et al. [26] 2018 Literature review Not applicable 

Introduced "sonopermeation," 

broadening sonoporation mechanisms. 

Reported up to 50% increase in tumor 
drug penetration and ~40% improved 

tumor regression. 

Cowley & McGinty 

[27] 
2019 

Mathematical 

modeling study 
Not applicable 

Developed a model for liquid-

crystalline shelled microbubbles, 
predicting up to two orders of 

magnitude increase in shear stress for 

enhanced drug uptake (30-50% more 
effective). 

Chen et al. [28] 2022 
In vitro 

experimental study 
In vitro: HEK 293T 

cells 

Designed an 800 kHz ultrasound 

catheter for sonoporation. Increased 
gene transfection efficiency by 250% 

under optimal conditions. 

Posey et al. [29] 2023 Phase I clinical trial 10 PDAC patients 

Evaluated sonoporation with 

gemcitabine. Median survival 
increased from 8.9 to 17.6 months (p 

= 0.011). Planned Phase II trial with 

120 patients. 

Honari & Sirsi [30] 2023 Literature review Not applicable 

Reviewed ultrasound-sensitive 

particles beyond sonoporation. 

Reported up to 70% increased 

doxorubicin uptake and 50% higher 

tumor regression in immunotherapy 

combinations. 

 

Table 2 focuses on the parameters influencing sonoporation efficacy, such as ultrasound frequency, 

microbubble type, and mechanism of action. Studies demonstrated that lower-frequency ultrasound (0.8–1 

MHz) enhanced drug delivery by inducing temporary pores in cell membranes (Hirabayashi et al., 2017; Chen 

et al., 2022) [24,28]. Moreover, the inclusion of targeted microbubbles, such as EGFR-conjugated microbubbles 

(Hirabayashi et al., 2017) [24] and Sonazoid microbubbles (Posey et al., 2023) [29], further improved drug 

uptake and therapeutic response. These findings suggest that optimizing sonoporation parameters is crucial for 

maximizing treatment efficacy while minimizing adverse effects. 

 

Table 2: Sonoporation Mechanism and Parameters 

Author(s) Year 

Ultrasound 

Frequency 

(MHz) 

Microbubble 

Type 
Sonoporation Mechanism Key Findings 

Hirabayashi et 

al. [24] 
2017 1 MHz 

EGFR-targeted 

MBs 

Pore formation, enhanced 

drug uptake 

Tumor volume 

reduced by >60% 

Chen et al. [28] 2022 0.8 MHz Miniaturized MBs 
Intracorporeal gene/drug 

delivery 

Increased gene 
transfection by 

250% 

Posey et al. [29] 2023 Variable Sonazoid MBs 
Tumor vascular permeability 

alteration 

Increased median 
survival (8.9 to 

17.6 months) 
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Figure 2. Local drug delivery 

 

Table 3 illustrates the variety of experimental models employed in sonoporation research, ranging 

from in vitro studies with cell cultures (Chen et al., 2022) [28] to animal models and clinical trials (Posey et al., 

2023) [29]. Notably, Hirabayashi et al. (2017) [24] utilized both in vitro (Ca9-22 cell line) and in vivo (murine 

model) experiments, demonstrating significant tumor volume reduction (>60%). On the clinical side, Posey et 

al. (2023) showed that sonoporation-enhanced chemotherapy prolonged median survival (from 8.9 to 17.6 

months) without additional toxicity, indicating potential translational benefits [29]. These findings underscore 

the importance of preclinical validation before transitioning to clinical trials in oral cancer treatment. 

 

Table 3: In Vivo and In Vitro Models Used in Studies 

Author(s) Year Model Type 
Cell Line/Animal 

Model 
Drug Used Outcome 

Hirabayashi 

et al. [24] 
2017 

In vitro & in 

vivo 

Ca9-22 (human 

squamous 

carcinoma), Murine 
model 

Bleomycin 
Enhanced drug 
cytotoxicity and 

apoptosis 

Chen et al. 

[28] 
2022 In vitro HEK 293T cells GFP-LUC gene 

Increased transfection 

efficiency 

Posey et al. 

[29] 
2023 Clinical trial 10 PDAC patients Gemcitabine 

Increased survival 
with no added 

toxicity 

 

 
Figure 3. Various acoustic phenomenon generated by US (Ultrasound) activated contrast MBs (Microbubbles) 

and potential mechanism of Sonoporation 

 

Table 4 highlights how sonoporation compares to conventional drug delivery approaches in terms of 

targeting precision, drug uptake, cytotoxicity, clinical applicability, and treatment efficacy. Sonoporation has a 

clear advantage in localized and enhanced drug uptake (30-70% higher compared to passive diffusion methods). 

Unlike systemic chemotherapy, which can lead to widespread toxicity, sonoporation allows targeted drug 

release, minimizing off-target effects (Snipstad et al., 2018; Cowley & McGinty, 2019) [26,27]. However, 
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conventional methods remain the standard due to regulatory approvals and established protocols, indicating the 

need for further clinical validation of sonoporation-based techniques. 

 

Table 4: Comparison of Sonoporation with Conventional Drug Delivery Methods 

Parameter Sonoporation Drug Delivery Conventional Drug Delivery 

Targeted Delivery High precision, localized drug release 
Systemic distribution with potential side 

effects 

Drug Uptake 
Enhanced intracellular drug penetration (30-

70% higher) 
Passive diffusion with lower efficiency 

Cytotoxicity 
Increased cancer cell apoptosis with minimal 

off-target effects 
Higher toxicity to healthy tissues 

Clinical Application Used in experimental and clinical trials Standardized in routine cancer treatment 

Treatment Efficacy Improves drug response and tumor regression Dependent on drug bioavailability 

 

Table 5: Challenges and Future Directions in Sonoporation 
Challenge Current Limitations Potential Solutions 

Standardization Variability in ultrasound parameters 
Developing optimized, standardized 

protocols 

Drug Specificity 
Need for targeted microbubble 

formulations 
Functionalized microbubbles with tumor-

specific ligands 

Clinical Translation Limited clinical trials in oral cancer Expanding trials with larger patient cohorts 

Safety Concerns Potential long-term tissue damage 
Refining ultrasound settings to minimize 

adverse effects 

Cost & Accessibility High cost of specialized equipment 
Development of affordable and portable 

ultrasound systems 

 

IV. Discussion 
➢ Sonoporation demonstrates significant potential in various dental applications 

1. Local Drug Administration 

2. Recurrent Apthous Stomatitis 

3. Ultrasonic Therapy in Myofascial Pain 

4. Ultrasonic Therapy for TMD Joint Dysfunction 

5. US Guided Lithotripsy of Salivary Calculi 

6. US therapy in Bone Healing and Osseointegration 

7. Tumor Cell killing 

8. Induction of Apoptosis 

9. Gene Transduction 

10. Gene Delivery 

 

Particularly in biofilm disruption, tissue regeneration, and drug delivery. Studies reviewed indicate its 

efficacy in promoting periodontal healing and enhancing tissue regeneration through improved cell migration 

and proliferation. Additionally, sonoporation has been effective in disrupting oral biofilms, especially those 

involving Streptococcus mutans, thus reducing bacterial load and supporting oral health. Despite its promise, 

the heterogeneity of the study designs and ultrasound parameters highlights the need for standardized protocols. 

While sonoporation shows minimal adverse effects, further research is needed to establish consistent, safe 

parameters for clinical use. 

 

V. Limitations 
One limitation of this review is the heterogeneity in the study designs, ultrasound parameters, and 

dental applications, which made it challenging to perform a quantitative meta-analysis. Additionally, many 

studies had small sample sizes and lacked long-term follow-up data, which could lead to potential biases in 

evaluating the effectiveness and safety of sonoporation in dental treatments. 

 

VI. Future Prospects 
Future research should focus on standardizing sonoporation protocols, such as frequency, intensity, and 

treatment duration, to improve reproducibility across studies. Clinical trials exploring the long-term efficacy of 

sonoporation in dental treatments, including periodontal therapy and pulp regeneration, will be crucial in 

establishing its role in routine dental practice. 
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VII. Conclusion 
• Sonoporation offers promising applications in dentistry; to conclude, in arrival of several new and advanced 

technologies, ultrasound-facilitated sonoporation aids as a bonus in therapeutic dentistry due to its non-

invasiveness and simplicity which has made it superior to other methods. 

• Literature indicates that sonoporation makes it possible to administer drugs into cells more efficiently and 

specifically, suggesting a novel application for the treatment of oral SCC. It could be considered as a 

forthcoming modality in the therapeutic field of medicine and dentistry. 

• The future of sonoporation in dentistry looks promising, with its potential to enhance drug delivery, facilitate 

tissue regeneration, and improve oral outcomes. 

However, more clinical trials and technological developments are necessary to fully realize its potential 

and confirm long-term effectiveness in dental application. 

 

References 
[1] Kumar Pa, Eluru Wg, Kadali D. Bubble Dynamics: Ultrasound Therapeutic Delivery And Monitoring (Sonoporation) A 

Review.2018. 

[2] Karumuri Sk, Rastogi T, Beeraka K, Penumatcha Mr, Olepu Sr. Ultrasound: A Revenant Therapeutic Modality In Dentistry. Journal 

Of Clinical And Diagnostic Research: Jcdr. 2016 Jul 1;10(7):Ze08. 
[3] Tomar H, Saikia T, Vasudevan V. Ultrasound Mediated Drug Delivery For The Management Of Oral Diseases In Near Future. 

Modern Research In Dentistry. 2018;3(2). 

[4] Kar A, Nigam H, Saha N, Rao V. Sonoporation – The Remedial Sound In Oral Cancer. J Global Oral Health 2020;3(2):145-7. 
[5] Deepika M, Harshavardhan T, Vijayalaxmi N, Aravind K, Jayakrishna B. Sonoporation-Invigorating Sound In Dentistry: A Review. 

Ijss Case Reports & Reviews. 2014 Nov;1(6):25-8. 

[6] Escobar-Chávez Jj, Bonilla-Martínez D, Villegas-González Ma, Rodríguez-Cruz Im, Domínguez-Delgado Cl. The Use Of 
Sonophoresis In The Administration Of Drugs Throughout The Skin. J Pharm Pharm Sci 2009;12:88-115 

[7] Delalande A, Kotopoulis S, Postema M, Midoux P, Pichon C. Sonoporation: Mechanistic Insights And Ongoing Challenges For 

Gene Transfer. Gene 2013;525:191-9. 
[8] Kropmans Tj, Dij Kstra Pu, Stegenga B, De Bont Lg. Therapeutic Outcome Assessment In Permanent Temporomandibular Joint 

Disc Displacement. J Oral Rehabil 1999;26:357-63. 

[9] El-Bialy T. Therapeutic Ultrasound Applications In Craniofacial Growth, Healing And Tissue Engineering. Rejuvenation Res 
2007;10:367-71. 

[10] Li E. Effect Comparison Analysis Of Different Biofilms On Guiding Bone Regeneration In Dental Implantation. 2014. 

[11] Feichtinger G, Hofmann A, Slezak P, Schuetzenberger S, Kaipel M, Schwartz E, Et Al. Sonoporation Increases Therapeutic 
Efficacy Of Inducible And Constitutive Bmp2/7 In Vivo Gene Delivery. Hum Gene Ther Methods. 2014;25(1):57-71. 

[12] Priyadarshini K, Aswath N, Nisha A. Sonoporation - The Healing Sound And Its Applications In Dentistry. 2014. 

[13] Takeuchi N, Hayashi Y, Murakami M, Álvarez F, Horibe H, Iohara K, Et Al. Similar In Vitro Effects And Pulp Regeneration In 

Ectopic Tooth Transplantation By Basic Fibroblast Growth Factor And Granulocyte-Colony Stimulating Factor. Oral Dis. 

2015;21(1):113-22. 

[14] Tagelsir A, Yassen G, Gomez G, Gregory R. Effect Of Antimicrobials Used In Regenerative Endodontic Procedures On 3-Week-
Old Enterococcus Faecalis Biofilm. J Endod. 2016;42(2):258-62. 

[15] Janjić K, Cvikl B, Moritz A, Agis H. Dental Pulp Regeneration. Int J Stomatol Occlusion Med. 2016;8:1-9. 

[16] Gao L, Liu Y, Kim D, Li Y, Hwang G, Naha P, Et Al. Nanocatalysts Promote Streptococcus Mutans Biofilm Matrix Degradation 
And Enhance Bacterial Killing To Suppress Dental Caries In Vivo. Biomaterials. 2016;101:272-84. 

[17] Li Y, Carrera C, Chen R, Li J, Lenton P, Rudney J, Et Al. Degradation In The Dentin-Composite Interface Subjected To Multi-

Species Biofilm Challenges. Acta Biomater. 2014;10(1):375-83. 
[18] Cai Y, Strømme M, Melhus A, Engqvist H, Welch K. Photocatalytic Inactivation Of Biofilms On Bioactive Dental Adhesives. J 

Biomed Mater Res B Appl Biomater. 2014;102(1):62-7. 

[19] Nakashima M, Iohara K. Mobilized Dental Pulp Stem Cells For Pulp Regeneration: Initiation Of Clinical Trial. J Endod. 2014;40(4 
Suppl):S26-32. 

[20] Kini V, Nayak D, Uppoor A. A Clinical Evaluation Of Biphasic Calcium Phosphate Alloplast With And Without A Flowable 
Bioabsorbable Guided Tissue Regeneration Barrier In The Treatment Of Mandibular Molar Class Ii Furcation Defects. J Contemp 

Dent Pract. 2016;17(2):143-8. 

[21] Jiao L, Xie L, Yang B, Yu M, Jiang Z, Feng L, Et Al. Cryopreserved Dentin Matrix As A Scaffold Material For Dentin-Pulp Tissue 
Regeneration. Biomaterials. 2014;35(18):4929-39. 

[22] Oilo M, Bakken V. Biofilm And Dental Biomaterials. Materials. 2015;8(6):2887-900. 

[23] Hong Q, Dong X, Chen M, Sun H, Hong L, Wang Y, Li H, Yu Q. An In Vitro And In Vivo Study Of Plasma Treatment Effects On 
Oral Biofilms. J Oral Microbiol. 2019;11(1):1603524. 

[24] Hirabayashi F, Iwanaga K, Okinaga T, Takahashi O, Ariyoshi W, Suzuki R, Et Al. Epidermal Growth Factor Receptor-Targeted 

Sonoporation With Microbubbles Enhances Therapeutic Efficacy In A Squamous Cell Carcinoma Model. Plos One. 
2017;12(9):E0185293. 

[25] Chowdhury Sm, Lee T, Willmann J. Ultrasound-Guided Drug Delivery In Cancer. Ultrasonography. 2017;36(3):171-84. 

[26] Snipstad S, Sulheim E, De Lange Davies C, Moonen C, Storm G, Kiessling F, Et Al. Sonopermeation To Improve Drug Delivery To 
Tumors: From Fundamental Understanding To Clinical Translation. Expert Opin Drug Deliv. 2018;15(12):1249-61. 

[27] Cowley J, Mcginty S. A Mathematical Model Of Sonoporation Using A Liquid-Crystalline Shelled Microbubble. Ultrasonics. 

2019;96:214-9. 
[28] Chen M, Kim H, Zhang B, Yang W, Osada T, Crosby Ej, Et Al. Intracorporeal Sonoporation-Induced Drug/Gene Delivery Using A 

Catheter Ultrasound Transducer. 2022 Ieee International Ultrasonics Symposium (Ius). 2022;1-4. 

[29] Posey J, Machado P, Eisenbrey J, Bashir B, Mille P, Mallick Ab, Et Al. Sonoporation For Disrupting The Pancreatic Cancer 
Microenvironment To Enhance Chemotherapy Delivery And Improve Outcomes. J Clin Oncol. 2023;41(4_Suppl):Tps777. 

[30] Honari A, Sirsi S. The Evolution And Recent Trends In Acoustic Targeting Of Encapsulated Drugs To Solid Tumors: Strategies 

Beyond Sonoporation. Pharmaceutics. 2023;15(6):1705. 


