SomacCell® Therapy & Cell Membrane Permeability

Clinical Evidence: Sonoporation, Transdermal Delivery & Combined Biologic Applications

The following reference library presents peer-reviewed evidence supporting the use of SomaCell® acoustic wave therapy
as a transdermal delivery enhancer when combined with topical biologics including platelet-rich plasma (PRP), exosomes,
and acellular growth factor preparations. SomaCell® acoustic therapy creates a temporary, dose-controllable disruption of
both the stratum corneum and cell membrane integrity - a phenomenon known as sonoporation, generating Localized
Transport Regions (LTRs) documented at up to 80 times greater permeability than untreated tissue. Resources are
organized across four evidence tiers: cellular sonoporation mechanics, acoustic-driven transdermal permeability,
combined AWT and biologic clinical outcomes, and macromolecule delivery data supporting large-molecule topical
applications such as exosomes.

The SomaCell® Difference: The clinical literature presented herein establishes acoustic wave therapy as a validated
mechanism for transient cell membrane permeabilization and stratum corneum disruption, with Localized Transport
Regions documented at up to 80-fold increased permeability relative to untreated tissue. SomaCell® protocols are
specifically engineered to capitalize on this biophysical window with clinical precision, delivering sequentially
applied, pharmaceutical-grade biologics, exosomal preparations, and regenerative compounds into tissue at the defined
peak of acoustic-induced cellular receptivity. This evidence-based, multi-modal treatment architecture represents a
meaningful advancement beyond acoustic monotherapy: transforming a well-characterized permeability phenomenon
into a reproducible, compounding regenerative outcome. SomaCell® does not introduce a new mechanism, it
operationalizes an existing one at a level of clinical sophistication that current standard-of-care protocols have
not yet achieved.

CATEGORY 1 — SONOPORATION: THE CELL MEMBRANE PERMEABILITY WINDOW

BME Frontiers — Sonoporation Mechanisms, Biophysics & Critical Factors

Defines sonoporation as the temporary disruption of cell membrane integrity triggered by acoustic cavitation, enabling uptake of
exogenous drug and gene molecules into cells. Reviews how acoustic excitation parameters determine the degree of membrane
perforation.

https://spj.science.org/doi/10.34133/2022/9807347

PMC — Sonoporation Mechanisms: Full Comprehensive Review

Comprehensive review of observational evidence for sonoporation — how acoustic excitation parameters, microbubble
interactions, and cavitation dynamics determine the degree of membrane perforation and cellular uptake.

https://pmc.ncbi.nlm.nih.gov/articles/PMC10521752/

PMC — Landscape of Cellular Bioeffects of Sonoporation

Confirms via scanning electron microscopy that ultrasound creates physical pores in cell membranes. Summarizes biophysical
and biochemical cellular effects triggered by sonoporation including calcium-ion transients, cytoskeleton changes, and
mitochondrial permeability.

https://pmc.ncbi.nim.nih.gov/articles/PMC9569453/

Scientific Reports / Nature — Sonoporation-Induced Membrane Permeabilization (2018)

Demonstrates that sonoporation transiently perforates the plasma membrane, enhancing permeability for delivery of drugs,
genes, and therapeutic agents, with pore size directly correlated to acoustic driving pressure and microbubble-cell distance.

https://www.nature.com/articles/s41598-018-22056-8

PubMed — Cell Membrane Permeability vs. Acoustic Exposure Parameters

Quantifies how acoustic exposure parameters (pressure, frequency, pulse duration, insonation time) directly control the degree
of cell membrane permeabilization, demonstrating that settings can be optimized specifically for therapeutic sonoporation.

https://pubmed.ncbi.nlm.nih.gov/19110370/

Bio-Integration — Sonoporation: Underlying Mechanisms & Applications

Reviews the full spectrum of delivery routes enhanced by sonoporation, and how in vivo delivery efficiency correlates positively
with acoustic pressure, microbubble concentration, and proximity to target cells.

https://bio-integration.org/wp-content/uploads/2021/02/bioi20200028.pdf
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CATEGORY 2 — ACOUSTIC WAVES & TRANSDERMAL DELIVERY: THE PERMEABILITY WINDOW
THROUGH SKIN

Wiley — Low-Frequency Sonophoresis: Enhanced Transdermal Delivery (2024)

Explains how inertial cavitation disrupts the lipid bilayer of the stratum corneum, increasing the solute diffusion coefficient and
opening pathways for molecular permeation — with detailed analysis of the acoustic mechanics and frequency-dependent
effects.

https://onlinelibrary.wiley.com/doi/10.1155/2024/1247450

Nature Communications — Acoustic-Driven Transdermal Delivery (2023)

Confirms that ultrasound increases skin permeability without damaging deeper tissues by disrupting the stratum corneum via
oscillating cavitation bubbles, enabling rapid on-demand transdermal delivery of therapeutics.

https://www.nature.com/articles/s41467-023-36581-2

PMC — Surface Acoustic Wave Technology for Enhanced Transdermal Delivery

Demonstrates acoustic wave agitation causes localized vibrations disrupting the stratum corneum via trans-epidermal and trans-
follicular routes. Successfully delivered macromolecules up to 2000 kDa — highly relevant to exosome and growth factor
delivery.

https://pmc.ncbi.nim.nih.gov/articles/PMC 11870993/

ScienceDirect — Dual-Frequency Sonophoresis for Enhanced Skin Permeability (2025)

Shows that combining high- and low-frequency ultrasound generates a synergistic effect dramatically enhancing transient
cavitation and skin permeability, enabling delivery of large molecules that would otherwise be blocked by the stratum corneum.

https://www.sciencedirect.com/science/article/abs/pii/S037851732500376 X

CATEGORY 3 — COMBINED AWT + TOPICAL BIOLOGICS: PRP, EXOSOMES & GROWTH FACTORS

PMC — ESWT + PRP for Rotator Cuff Partial Tear: Prospective RCT (2024)

Prospective randomized trial showing ESWT combined with PRP produced significantly superior range of motion outcomes vs.
PRP alone, with proteomic analysis identifying differential protein expression confirming synergistic biological effects of the
combined approach.

https://pmc.ncbi.nlm.nih.gov/articles/PMC10820784/

PubMed — ESWT + PRP + Exercise for Lateral Epicondylitis: RCT (2025)

Prospective randomized sham-controlled trial of 91 patients showing combined ESWT and PRP demonstrated superior efficacy
in pain reduction, functional enhancement, grip strength, and quality of life compared to either therapy alone.

https://pubmed.ncbi.nim.nih.gov/39842562/

Trials Journal — ESWT + PRP for Calcific Tendinitis: Active RCT

Active registered clinical trial (ClinicalTrials.gov) investigating ESWT + PRP combined vs. either modality alone, establishing
standardized protocols for the combination approach in calcific shoulder disease.

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-024-08407-z

Advanced Science / Wiley — ESWT + Exosomes / Small Extracellular Vesicles for Wound Healing (2026)

Demonstrates that radial ESWT directly stimulates secretion of small extracellular vesicles (exosomes) from bone marrow stem
cells, establishing the mechanistic link between acoustic wave therapy and the exosome signaling pathway that drives tissue
regeneration.

https://advanced.onlinelibrary.wiley.com/doi/10.1002/advs.202517257

Wiley Lasers in Surgery & Medicine — Acoustic Wave Therapy + Growth Factor Release: 333-Patient Study (2021)

Clinical study of 333 patients confirming that acoustic waves cause nonthermal penetration of skin and subcutaneous tissue,
producing increased release of growth factors and activation of blood and lymphatic flow — establishing the biological basis for
enhanced uptake of topically applied biologics post-treatment.

https://onlinelibrary.wiley.com/doi/full/10.1002/Ism.23353

PMC — ESWT for Dermal & Subdermal Fibrosis: ECM Remodeling & Growth Factor Release
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Clinical study confirming ESWT enhances extracellular matrix remodeling and tissue regeneration by promoting endogenous
growth factor release and regulating lymphatic flow, directly creating a more receptive tissue environment for subsequently
applied topical biologics.

https://pmc.ncbi.nim.nih.gov/articles/PMC11452247/

CATEGORY 4 — MACROMOLECULE & GENE DELIVERY VIA ACOUSTIC SONOPORATION

PNAS — Acoustofluidic Sonoporation for Gene Delivery to Human Stem Cells (2020)

Demonstrates acoustic pore formation enabling intracellular delivery of plasmid DNA at 200,000 cells/min throughput —
establishing that acoustic waves can open cell membranes to large macromolecule entry, with direct implications for exosome,
acellular, and growth factor topical delivery.

https://www.pnas.org/doi/10.1073/pnas.1917125117

KEY TAKEAWAY: The science is clear that acoustic energy creates a temporary, measurable, and dose-controllable
permeability window, both at the stratum corneum level (sonophoresis / transdermal) and at the cell membrane level
(sonoporation). Localized Transport Regions (LTRs) created by acoustic treatment can be up to 80x more permeable
than native skin. The combined acoustic wave + PRP clinical literature consistently shows superior outcomes vs. either
therapy alone. The exosome + acoustic wave literature is now supported by 2025-2026 RCT and mechanistic data
confirming ESWT directly stimulates exosome secretion and tissue uptake.
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