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ABSTRACT 
Background: 
Musculoskeletal disorders (MSDs) are a leading cause of chronic pain and disability, commonly managed with 
systemic pharmacological therapies that may produce adverse effects. External treatment modalities, including 
topical formulations and physiotherapeutic techniques, aim to provide localized relief; however, their 
effectiveness is often limited by poor transdermal permeability. Traditional systems such as Ayurveda employ 
herbal oil-based therapies, which offer therapeutic potential but rely on passive diffusion and lack standardized 
delivery systems. 
Objective: 
To critically examine current external treatment approaches, identify key limitations in transdermal drug delivery, 
and propose a novel integrative strategy using phonophoresis-enhanced herbal oil-based gel. 
Methods: 
A narrative review approach was adopted, synthesizing existing literature on transdermal drug delivery, 
phonophoresis, and herbal external therapies. Mechanistic principles, formulation considerations, and 
representative clinical evidence were analyzed to develop a conceptual integrative model. 
Findings: 
Existing external therapies demonstrate limitations related to restricted skin permeability, inconsistent drug 
delivery, and lack of controlled penetration. Phonophoresis facilitates enhanced transdermal transport through 
acoustic and thermal mechanisms, whereas herbal oil-based therapies provide multi-component pharmacological 
effects but remain diffusion-limited. A significant gap exists in integrating these approaches, particularly in the 
context of formulation compatibility and ultrasound-assisted delivery. 
Conclusion: 
The integration of phonophoresis with herbal oil-based gel represents a rational and promising conceptual 
approach to improve transdermal drug delivery in MSDs. Future research focusing on formulation standardization, 
mechanistic validation, and clinical evaluation is necessary to establish its translational potential. 
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 1.Introduction Musculoskeletal disorders (MSDs) are a major cause of 

chronic pain and disability worldwide, commonly 
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managed with systemic drugs such as Nonsteroidal 
Anti-inflammatory Drugs (NSAIDs) and 
corticosteroids. While effective, these therapies are 
often associated with adverse effects, prompting 
interest in safer, localized treatment approaches [1,2]. 
External modalities, including topical agents and 
physiotherapy techniques, aim to provide targeted 
relief; however, their effectiveness is frequently limited 
by the poor permeability of the stratum corneum, 
restricting drug delivery to deeper tissues [3]. 
Indian Traditional system of Medicine, Ayurveda 
utilize herbal oil-based therapies like Abhyanga 
(Therapeutic Massage), formulated through Sneha 
Kalpana (Medicated oil/ghee preparation), for 
managing pain and inflammation.[4] Although these 
therapies possess significant pharmacological 
potential, their clinical effectiveness is often limited by 
inadequate transdermal absorption and lack of 
standardized delivery systems [5]. 
Phonophoresis, an ultrasound-assisted drug delivery 
technique, enhances transdermal permeation through 
mechanisms such as cavitation and thermal effects, and 
has shown promising results with conventional drugs 
[6,7]. However, its application with herbal oil-based 
formulations remains underexplored. 
Therefore, this manuscript aims to analyze current 
external treatment modalities and their limitations, 
highlight the underlying research gap, and propose 
phonophoresis-enhanced herbal oil-based gel as a 
novel integrative approach for improving therapeutic 
outcomes in musculoskeletal disorders. 
2. Overview of Current External Treatment 
Modalities 
2.1 Modern External Therapies 
Modern external approaches focus on localized drug 
delivery and physical modulation of pain and 
inflammation. Topical NSAID formulations (gels, 
creams, patches) are designed to act at the application 
site, with absorption influenced by drug lipophilicity 
and formulation base [8]. Transdermal systems further 
attempt controlled drug release, but their efficiency 
depends on molecular size and skin permeability 
characteristics [9]. 
Among physical modalities, therapeutic ultrasound is 
used not only for tissue heating but also for enhancing 
molecular movement within tissues, while TENS 
primarily alters nociceptive signaling through 
peripheral nerve stimulation [10]. These modalities are 
frequently combined in clinical practice; however, their 
drug delivery capability is not the primary function, 
and penetration enhancement remains inconsistent 
[11]. 

2.2 Herbal External Therapies 
In Ayurveda, external therapies are primarily 
substance-based rather than device-based, emphasizing 
the pharmacological action of herbal oils. Applications 
such as Abhyanga involve sustained contact of 
medicated oils with the skin, allowing gradual 
absorption of lipid-soluble phytoconstituents prepared 
through Sneha Kalpana [12]. 
Procedures like Swedana (Therapeutic fomentation) 
are often used adjunctively to modify local tissue 
conditions, such as increasing temperature and 
circulation, which may influence absorption dynamics 
[13-14]. Despite this, delivery remains largely passive 
and dependent on diffusion, and there is limited control 
over depth and rate of absorption. Variability in 
formulation composition and preparation methods 
further affects consistency and reproducibility. 
3. Limitations of Existing External Therapies 
3.1 Barriers to Transdermal Drug Delivery 
The primary limitation of external therapies lies in the 
restricted permeability of the skin, particularly the 
stratum corneum. Drug diffusion across this layer 
depends on molecular size, lipophilicity, and 
concentration gradient, making it difficult for many 
active compounds to reach deeper musculoskeletal 
tissues [15]. Hydrophilic molecules show poor 
penetration, while highly lipophilic substances may 
remain confined within superficial layers, limiting 
therapeutic depth [16]. 
3.2 Limitations of Conventional Topical Agents 
Topical formulations such as gels and creams often 
demonstrate variable absorption profiles, influenced by 
formulation base, skin hydration, and site of 
application [17]. Drug retention within the epidermis 
can reduce availability at target tissues like muscles 
and joints. Additionally, repeated application is usually 
required to maintain therapeutic levels, which may 
affect patient compliance [18]. The absence of active 
penetration enhancement in most formulations further 
restricts their efficiency. 
3.3 Challenges in Herbal Oil-Based Therapies 
Herbal oil-based therapies face challenges related to 
standardization, consistency, and delivery control. 
Variability in raw materials, preparation methods, and 
phytochemical composition can lead to inconsistent 
therapeutic outcomes [19]. Moreover, these 
formulations rely primarily on passive diffusion, 
offering limited control over dose, depth of penetration, 
and rate of absorption. The lack of integration with 
modern delivery systems further restricts their 
optimization and wider clinical acceptance [20]. 
4. Identified Research Gap 
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Despite parallel advances in physiotherapeutic 
technologies and herbal therapeutics, their integration 
remains largely unexplored. Current ultrasound-based 
approaches are primarily optimized for synthetic, low–
molecular weight drugs, with minimal adaptation for 
complex, multi-component herbal formulations [21]. 
At the same time, herbal oil-based therapies continue 
to rely on empirical application methods, lacking 
defined delivery parameters such as dose uniformity, 
penetration depth, and reproducible pharmacokinetics 
[22]. This creates a disconnect between therapeutic 
potential and actual bioavailability at target tissues. 
Another critical gap lies in the absence of formulation 
strategies specifically designed for ultrasound-assisted 
delivery. Conventional herbal oils are not tailored for 
coupling with ultrasound, which requires appropriate 
viscosity, acoustic compatibility, and stability to ensure 
efficient transmission of energy and drug diffusion 
[23]. 
Furthermore, there is limited experimental work 
examining interaction dynamics between ultrasound 
energy and phytoconstituents, particularly regarding 
structural changes, stability, and enhanced permeation 
behaviour [24]. Without such mechanistic validation, 
the combined approach remains conceptually 
promising but scientifically underdeveloped. 
Taken together, these gaps highlight the need for a 
systematically designed integrative model that aligns 
herbal formulation science with ultrasound-mediated 
delivery principles, enabling controlled, targeted, and 
reproducible therapeutic outcomes. 
5. Mechanistic Basis of Phonophoresis and Herbal 
Oil-Based External Therapy 
5.1 Phonophoresis: Functional Mechanisms Relevant 
to Drug Delivery 
Phonophoresis enhances transdermal delivery 
primarily through acoustic cavitation, which disrupts 
the lipid organization of the stratum corneum and 
creates transient pathways for drug entry [25]. In 
addition, microstreaming and convective transport 
facilitate movement of molecules across these 
pathways, increasing drug flux beyond passive 
diffusion [26]. 
Thermal effects contribute by increasing tissue 
permeability and local diffusion rates, although they 
play a supportive role compared to mechanical 
mechanisms [27]. The efficiency of this process is 
influenced by ultrasound parameters such as frequency, 
intensity, and exposure duration, along with the 
physicochemical properties of the coupling medium. 
The overall mechanism of ultrasound-mediated 

enhancement of transdermal delivery is illustrated in 
Figure 1. 
5.2 Herbal Oil-Based Therapy: Delivery-Relevant 
Characteristics 
Herbal oil formulations act as lipophilic carriers, 
allowing phytoconstituents to partition into the lipid 
domains of the skin [28]. These formulations typically 
contain multiple bioactive compounds, which may act 
synergistically to produce anti-inflammatory and 
analgesic effects. 
However, their delivery remains passive and diffusion-
dependent, with limited control over penetration depth 
and rate. The extent of absorption is influenced by 
factors such as contact time, skin condition, and 
formulation composition [29]. 
 

 
Figure 1 Conceptual illustration of phonophoresis-
enhanced transdermal delivery of herbal oil-based 

gel showing improved penetration through 
ultrasound-mediated mechanisms. 

1.3 Integrated Perspective (Comparative Analysis) 
As summarized in Table 1, phonophoresis and herbal 
oil therapy differ in their mode of action but are 
potentially complementary. Phonophoresis provides 
active transport mechanisms through cavitation and 
microstreaming [25,26], whereas herbal oils rely on 
passive diffusion and lipid interaction for drug delivery 
[28]. The combined approach introduces a dual 
mechanism, where ultrasound facilitates deeper 
penetration of lipophilic phytoconstituents. This 
integrated delivery pathway, including enhanced 
permeation across skin layers and targeted tissue 
distribution, is schematically represented in Figure 1. 
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Table 1. Mechanistic comparison of phonophoresis 
and herbal oil-based therapy in transdermal delivery 
 
These studies collectively support the effectiveness of 
phonophoresis; however, their focus on synthetic drugs 
highlights the lack of evidence for herbal formulations. 
 
6. Existing Evidence and Current Research Status 
Current evidence supports the effectiveness of 
phonophoresis as a delivery-enhancing technique, 
particularly with conventional drugs such as NSAIDs 
and corticosteroids. Recent clinical and experimental 
studies evaluating its application in musculoskeletal 
disorders are summarized in Table 2. These studies 
demonstrate improved pain reduction and functional 
outcomes compared to topical therapy alone, 
suggesting enhanced transdermal drug delivery and 
local bioavailability [30]. 
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Table 2. Recent Clinical Studies on Phonophoresis 
in Musculoskeletal Disorders 

In contrast, herbal external therapies have shown anti-
inflammatory and analgesic effects, primarily 
attributed to their bioactive phytoconstituents. 
However, the available evidence is largely derived 
from traditional usage, small-scale studies, or 
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experimental models, with limited standardization and 
reproducibility [36]. 
Despite these individual advances, there is a notable 
absence of studies integrating phonophoresis with 
herbal oil-based formulations. As highlighted in Table 
2, existing research is predominantly focused on 
synthetic drugs, with minimal exploration of complex 
herbal matrices. Furthermore, data regarding 
ultrasound–phytoconstituent interactions, penetration 
kinetics, and formulation stability remain insufficient 
[37]. 
Collectively, this evidence indicates that while 
phonophoresis and herbal therapies are independently 
supported, their combined application remains 
underexplored and represents a significant opportunity 
for future investigation. 
7. Formulation Approach: Conversion of Herbal 
Oil into Gel 
Herbal oil can be converted into a gel-based system 
using an emulgel formulation approach, which enables 
incorporation of lipophilic constituents into a stable, 
skin-friendly matrix. In this method, the herbal oil is 
first mixed with a suitable lipophilic surfactant to form 
the oil phase, while an aqueous phase containing 
hydrophilic surfactants and stabilizers is prepared 
separately. Both phases are combined under controlled 
temperature and homogenized to form a stable 
emulsion. This emulsion is then incorporated into a 
pre-prepared gel base using polymers such as Carbopol 
or HPMC, followed by neutralization to achieve 
appropriate viscosity and pH for dermal application. 
The resulting emulgel improves spreadability, stability, 
and drug release characteristics while also serving as 
an effective medium for ultrasound transmission in 
phonophoresis. This approach enhances the delivery 
potential of herbal oil by combining controlled 
formulation properties with improved transdermal 
performance [38-40]. 
8. Proposed Integrative Model for Future Research 
A structured approach is required to translate this 
concept into a reproducible system. The model begins 
with development of a standardized herbal oil-based 
emulgel, optimized for viscosity, stability, and acoustic 
compatibility. This is followed by defining 
phonophoresis parameters such as frequency, intensity, 
and duration to ensure consistent energy delivery and 
drug permeation [41]. 
Initial validation should be performed using in-vitro 
permeation studies (e.g., Franz diffusion cell) to 
quantify drug release and penetration behavior under 
ultrasound exposure [42]. This can be followed by 
preclinical evaluation to assess tissue distribution and 

safety. Subsequently, well-designed clinical studies can 
be conducted to evaluate therapeutic outcomes such as 
pain reduction and functional improvement. 
This stepwise model enables systematic integration of 
formulation science and ultrasound technology, 
ensuring that both delivery efficiency and therapeutic 
effect are scientifically validated rather than 
empirically assumed. 
 
9. Future Perspectives and Research Directions 
Future work should focus on standardization and 
optimization of herbal oil-based emulgels specifically 
designed for ultrasound-assisted delivery. This 
includes defining composition, viscosity, and acoustic 
properties to ensure consistent performance. Advanced 
strategies such as nanocarrier incorporation (e.g., 
nanoemulsions, liposomes) may further enhance 
penetration and stability of phytoconstituents [43]. 
There is also a need for mechanistic studies to 
understand the interaction between ultrasound and 
complex herbal matrices, particularly their effect on 
drug release and structural stability [44]. Well-designed 
clinical trials are essential to establish efficacy, safety, 
and comparative effectiveness against existing 
therapies. 
Additionally, development of standard treatment 
protocols integrating formulation parameters with 
ultrasound settings will be critical for reproducibility 
and clinical translation. This will support the transition 
of this approach from a conceptual framework to a 
validated therapeutic modality. 
10. Conclusion 
The integration of phonophoresis with herbal oil-based 
gel represents a rational advancement in external 
therapy, addressing key limitations of both 
conventional topical systems and traditional 
applications. By combining enhanced delivery 
mechanisms with multi-component herbal 
therapeutics, this approach offers the potential for 
improved penetration, targeted action, and better 
clinical outcomes. 
However, its successful translation depends on 
scientific validation, formulation standardization, and 
evidence-based evaluation. With systematic research, 
this integrative model can evolve into a reliable and 
effective strategy for managing musculoskeletal 
disorders. 
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