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Summary  
This last decade, the professional societies and educational programs in 

physiotherapy have included the paradigm of Evidence Based Practice (EBP) within 

the defining of the professional competencies of the physiotherapist. Furthermore, 

this last decade physiotherapy has made reasonable progress to support its 

treatments with evidences. Despite, several gaps remain towards evidences for 

electrophysical applications. In this doctoral thesis we investigated aspects of 

physiological processes related to physical applications in physiotherapy from the 

point of view of the skin as a limiting barrier in particular concerning the therapeutic 

implications of phango, iontophoresis and ultrasound.  

Paraphango 

Local paraphango applications are used to treat musculoskeletal problems. The 

vasodilation induced by local heat increases the blood flow in the muscle tissue, 

reducing ischemia and pain sensation. Cardiovascular problems are often considered 

as a contraindication for local heat application due to redistribution of blood towards 

the heated area. Despite these claims, the physiological mechanisms controlling 

vasomotion and thermoregulation are insufficiently understood and information on 

heat induced changes in skin parameters is limited.  

Our study revealed that there were strong local effects of paraphango with increased 

skin temperature, microcircular perfusion and skin erythema. The systemic 

(cardiovascular) effects were weak and remained in physiological range.  

Physiotherapeutic support of topical transdermal applications 

Topical transdermal applications are commonly used in the treatment of various 

(rheumatic) inflammatory dysfunctions and acute soft tissue injuries. In physiotherapy 

various transdermal enhancements techniques, such as sonophoresis, iontophoresis 

and occlusion are used in order to decrease the skin barrier and to achieve a clinical 
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effective drug concentration in the target tissues.  

The literature study and meta-analysis on the treatment effects of 

iontophoresis in musculoskeletal disorders provided quantitative evidence that 

iontophoresis might be effective to cope with pain. Although clinical studies claim an 

enhanced healing process, the evidences concerning iontophoretic drug delivery 

lacked solid research designs and often did not take account of the basic principles 

of percutaneous penetration. The iontophoretic delivery of an active substance only 

has been compared with placebo iontophoresis without an active substance, which 

provides no proof for the penetration enhancement effect of a current.  

In our study investigating the bioavailability of iontophoretically delivered 

diclofenac with the methylnicotinate test, we did not find an increased bioavailability 

after electrically assisted delivery of diclofenac as compared with the passive 

percutaneous penetration under the contact sponge.  

Our results suggest that the electromotive forces may have been overestimated 

during iontophoretic delivery in those experimental designs whereby the passive 

uptake and occlusion effects were not evaluated. 

The building up of a stratum corneum reservoir is an important component of 

the pharmacodynamics of topically applied substances. There is scarce information 

concerning the pharmacodynamic behaviour of topical substances used in the 

physiotherapy setting, for which reason we aimed to estimate the formation and 

emptying of the diclofenac skin reservoir after passive, semi occlusive and 

electrically assisted applications of diclofenac.  

The results of this study indicated that the formation and emptying of a DF skin 

reservoir was found to be dependent on the DF application mode. Penetration 

enhanced delivery resulted in a faster emptying of the reservoir. Our results assume 

that the application with the fastest reservoir building up conditions may result in a 
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greater delivery of active substances to the viable tissues, increasing the 

effectiveness of the physiotherapeutic treatment.  

Ultrasound is used to support topical treatment of NSAIDs or corticosteroids and can 

be applied in a “pre”- application treatment or a “simultaneous” application modus. 

Although low frequency sonophoresis (frequencies 20-100 KHz) is up to three orders 

of magnitude more effective in enhancing skin permeability compared to the 1MHz 

ultrasound, the most common sonophoretic application in physiotherapy involves the 

use of high frequency or therapeutic sonophoresis (frequencies ≥ 0.7 MHz). The aim 

of this study was to estimate the influences of sonophoretic treatment on delivery of 

halcinonide, using a blanching procedure and to compare the efficacy of “pre” and 

“simultaneous” ultrasound treatment.  

The “pre”- application modus of ultrasound resulted in a significant blanching 

response of the skin while under the condition of “simultaneous” ultrasound no 

blanching was found two hours after the initial application of halcinonide.  

The clinical implication of this study is that better bioavailability results may be 

expected when ultrasound is applied before application of the drug.  

 

Evidenced based practice in physiotherapy is relatively new, the positive impacts of 

which are just becoming to be validated. Within the context of evidence based 

practice, continued research in physiotherapy is essential to improve the 

effectiveness of treatment strategies. Within the paradigm of evidence based 

practice, the results of this research support the competence of the physiotherapist 

as a clinical practitioner to optimize the efficacy of his/her treatment strategies. 
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1. Background and introduction of the thesis  
 
Physiotherapy interventions encompass training of motor skills, muscle 

strengthening, joint mobilisation and manipulation, massage, hydrotherapy, 

relaxation and the use of physical modalities such as heat, electrical stimulation and 

ultrasound [71]. In treatments such as massage, electrotherapy and thermo- 

cryotherapy, the skin acts as a mechanical or insulation barrier. Despite, the skin as 

an organ received up to now scarce attention in the physiotherapy literature. 

Furthermore, musculoskeletal disorders are frequently treated with topical 

application on the skin of non-steroidal anti-inflammatory drugs (NSAID) or 

corticosteroids, with the intention to locally treat the tissues underlying the skin, 

such as the muscles, tendons and/or synovial fluid. Again, the skin and in particular 

the stratum corneum (SC) is the major barrier for these topical applied substances.  

The number of electrophysical agents for physiotherapeutic applications has grown 

remarkably over the past three decades. Selecting the most appropriate therapy 

modality for a patient depends on the practitioner decision-making process within an 

evidence based practice philosophy. This change in paradigm of the 

physiotherapeutic decision making process from an empirical approach based on 

experience to the evidence based practice philosophy has led to a shift how 

physiotherapists view and use therapy modalities.  

Despite the widespread use of physical applications in physiotherapy, the physical 

and physiological principles substantiating the treatment effects are often not well 

understood and sometimes inappropriately applied. Additionally, the lack of 

scientific evidence contains the risk of sub optimal treatment protocols, thereby 

reducing the treatment’s efficacy [164]. This lack of evidence does not implicate that 

there is evidence for absence of effect. Watson (2002) stated that the basic tenets 
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of modern electrotherapy are essentially correct, but also made a plea for clinical 

decision making in context of evidence based practice by which evidences should 

guide the practitioner to replace common electrotherapy protocols by those with a 

substantive evidence of efficacy [164].  

 

Consequently, evaluation of the physiological effects of specific applications on the 

skin may be an important step in the quest for therapeutic evidences since integrity 

and functional properties of the skin barrier are factors that influence the penetration 

process. The integrity of the skin barrier can be instrumentally evaluated by means 

of skin hydration and transepidermal water loss (TEWL) [63] [27] [70]. Non-invasive 

quantification of the skin response after penetration of vaso-active substances can 

be carried out instrumentally, measuring skin temperature (ST), skin colour, and 

perfusion of the microcirculation. This approach has been proven valid. The non-

invasive quantification of skin erythema provoked by a methylnicotinate (MN) skin 

inflammation assay can be used as a method to evaluate its bioavailability in the 

skin [22] [66] [87] [150] [151]. Similarly, the vasoconstriction provoked after 

penetration of corticosteroids (skin blanching assay) can be used to study the 

penetration processes of this substance [31] [35]. In the present study, non-invasive 

skin measurements were used to evaluate the effectiveness of some common 

treatment modalities as used in physiotherapy: local heat application, ultrasound 

and iontophoresis. Although these treatments modalities are frequently used in 

physiotherapy setting the evidence of effectiveness is poor or lacking. Therefore 

investigation of the underlying physiological mechanisms, even though it concerns 

but a limited part of the total picture, can support physiotherapists with their 

evidence based decision-making process.    
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Paraphango therapy such as ‘Paraphango di Battaglia’ is a commonly used 

modality in physical therapy with described but not objectively quantified effects on 

ST, and superficial microcirculation of the skin [115] [53] [122] [50] [153]. Due to 

vasomotion of the capacitance vessels of the deeper layers of the skin, the blood 

circulation increases in order to maintain the body core temperature. The latter may 

explain the better diffusion of catabolic waste with phango therapy. Heat induced 

interruption of the so called „pain-spasm-pain cycle“ can prevent further tissue injury 

and reduce the sensation of pain [109].  The redistribution in blood circulation may 

influence systemic cardiovascular parameters. Although in physiotherapy practice 

cardiovascular diseases are often considered as a contra-indication for local heat 

applications, the evidence for this assumption is not well substantiated. In order to 

get a better understanding of the physiological effects of local paraphango 

application, its systemic effects on heart rate, blood pressure and core temperature 

were evaluated together with a quantification of its effect on the skin. 

In the physiotherapeutic treatment of inflammatory dysfunctions and soft tissue 

injuries, topical therapy is commonly used [41] [94] [112]. It is well known that 

permeability of the skin for topically applied substances is low. Penetration 

enhancement techniques such as occlusion, iontophoresis, sonophoresis have 

been developed with proven efficacy [106]. These experimental designs are not 

always applicable under clinical physiotherapeutic condition. Nevertheless there is a 

plethora of literature reporting the use of these techniques in a clinical setting [2] [3] 

[11] [5] [41] [61]. Although several studies using skin penetration enhancement 

techniques claim clinical effects in the treatment of musculoskeletal disorders, 

controversial reports related to the effectiveness of these treatment modalities are 

found in the literature [14] [76] [13]. In most in vivo studies the principles of 
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percutaneous penetration are not always taken into account. The effectiveness of 

an iontophoretic delivered active substance is often compared with placebo 

iontophoresis without an active compound, which is no valid proof for the enhanced 

penetration effect of a current. Clinical studies evaluating the effectiveness of 

electrically assisted drug delivery often use multiple treatments strategies, without 

objective outcome measures or control groups. Consequently, it is impossible to 

differentiate between the independent treatment effects of the factors of influence 

on percutaneous penetration, specifically to draw conclusions on the effective 

outcome of iontophoresis / ultrasound as a treatment on its own. To avoid 

overestimation of the enhancement factor of a current, or ultrasound it is important 

to control for passive diffusion and occlusion. Therefore two models were developed 

to study respectively iontophoresis and ultrasound enhancement as commonly used 

under clinical physiotherapeutic conditions. In the first model we estimated the 

effect of current on percutaneous penetration and skin reservoir building of DF. This 

model allowed us to control for passive penetration and occlusion. In the second 

model we compared two different modes of ultrasound assisted corticosteroids 

application. Again the model allowed us to control for passive penetration. 

The results of present research may contribute to the evidence-based practice of 

frequently used applications in physiotherapy and may equally contribute to the 

fundamental knowledge on the percutaneous penetration to topically applied 

substances in physiotherapy.  

The introduction of the thesis provides an overview of the structure of the skin, the 

skin as an insulating barrier and the skin as a barrier for topically applied 

substances. It equally describes several penetration enhancement methods and 

finally the applicability of non-invasive measurements of skin properties for the 

study of percutaneous absorption is discussed. 
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1.1. The skin  
 
The skin, the outmost largest single organ of the human body, acts as an interface 

between the organism and the external environment, protecting and supporting the 

life it encloses [77] [99]. The skin is relatively complex in structure and composed of 

two main layers: the epidermis, an epithelial layer of ectoderm origin; and the 

dermis, a layer of connective tissue of mesoderm origin [77].  

 

 

Fig.1. Skin anatomy. (Mader SS.: Understanding Human Anatomy & Physiology, 5th edition, 2004) 

 

The SC, the uppermost layer of the epidermis comprises 25-30 layers in which 

flattened death corneocytes embedded in a crystalline lipid lamellar matrix fill the 

extracellular space. The corneocytes contain keratin and minor quantities of 

involucrine and fillagrine. The intercellular matrix consists of lipids (e.g. ceramides, 

fatty acids and cholesterol) [77] [89], composed of long chain ceramides (CER), free 
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fatty acids (FFA) and cholesterol (CHOL) as main lipid classes by which it differs 

markedly from other biological membranes [17].  

The SC has been well recognized as the principal barrier of the skin [17]. This two–

way barrier minimizes water and electrolytes losses and prevents the entrance of 

foreign substances from the external environment into the deeper layers of the skin 

[174]. Maintenance of the SC structural integrity is critical for the barrier function of 

the skin. Occlusion by covering the skin with an impermeable wrap enhances skin 

hydration by obstruction of the transepidermal water loss from the skin surface. 

Increased SC hydration can enhance the transcutaneous diffusion of specific 

topically applied substances through the SC [157] [159] [174] and can accelerate 

the formation and emptying of a drug reservoir within the SC [132].  

The intercellular lipid matrix of the SC Several hypothetical models of the SC 

intercellular lipid organization have been proposed: “the brick and mortar model” 

[52], "the domain mosaic model“ [57], "the sandwich model“ [16] and "the single gel 

phase model“ [113]. More recently, Iwai et al. (2012) stated the molecular 

organization of the skin’s lipid matrix as “stacked bilayers of fully extended CER with 

CHOL molecules associated with the CER sphingoid moiety“. This proposed CER 

bilayer organization with asymmetric CHOL distribution rationalizes the skin’s low 

permeability towards water and towards hydrophilic substances, as well as the skin 

barrier’s robustness towards hydration and dehydration, environmental temperature 

and pressure changes, stretching, compression, bending, and shearing [74]. 
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1.1.2 The dermis 
 
The dermis connects the epidermis to the underlying tissues, and is entirely 

comprised of living cells. The dermis accounts for more than ninety percent of the 

skin mass. The dermis is composed of connective tissue made up of arc-shaped 

elastic fibres and undulated nearly inelastic collagen fibres [126]. These flexible and 

strong composite materials are responsible for the elasticity and physical strength of 

the dermis and passively protect the skin against mechanical skin deformation and 

trauma. Based on the differences in the quantity of elastic fibers and collagen 

tissue, the dermis can be divided into the papillary layer and the reticular layer. The 

stratum papillare (SP) is the thin upper layer of the dermis, which is clearly 

demarcated from the epidermis by an irregular undulated border which expands the 

contact area with the epidermis. The SP contains loose elastin and collagen fibers 

and connective tissue cells such as fibroblasts, mast cells and macrophages and 

numerous capillary loops and several nerve endings. Dermal papillae increase with 

their finger like appearance the contact surface with the epidermis and are 

responsibly for exchange of oxygen, nutrients and waste products between the 

dermis and the epidermis. Anchoring collagen fibrils insert into the basal lamina of 

the epidermis securing the dermis to the epidermis [77]. 

The stratum reticulare (SR) is thicker and composed of irregular dense connective 

tissue containing large multidirectional bundles of collagen and elastic fibers 

providing the skin its elasticity and strength. Compared to the papillary layer, the SR 

contains more fibers and less cells [77]. The reticular dermis is connected to the   

hypodermis by a network of fibers. 
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1.1.3 The subcutaneous tissue 
 
The thickest and deepest layer of the skin, the hypodermis is composed of loose 

connective tissue, the ’white adipose tissue’ [77], which consists of grouped 

adipocytes separated by fibrous walls of collagen and elastin. The subcutaneous 

tissue layer invaginates into the dermis and loosely binds the skin to the subjacent 

organs. Its thickness varies according to the individual nutritional status and the 

area of the body in question. The panniculus adiposus provides the body a thermal 

insulation and delivers the skin plasticity to absorb external impacts [77] [18]. 

In contrast to the avascular epidermis the dermis is highly vascularized by a three-

dimensional plexus of both small and large vessels [77]. The microcirculation by the 

arterioles and the venules is organised in a superficial and profound horizontal 

plexuses in the dermis. The superficial plexus is situated 1-1.5mm below the skin 

surface in the papillary dermis. Arterial branches from the superficial plexus 

generate the nutritive capillary loops of the dermal papillae. The lower horizontal 

cutaneous plexus is situated at the dermal-subcutaneous interface and shaped by 

perforating vessels from the underlying muscles and subcutaneous fat. The 

profound plexus is directly connected to the superficial horizontal plexus [18]. Each 

dermal papilla is supplied by a single capillary loop arising from a terminal arteriole 

in the horizontal papillary plexus. The capillary loop is perpendicular to the surface 

of the skin and composed of an ascending branch, an intrapapillary loop having a 

hairpin turn, and a descending branch that connects with a postcapillary venule in 

the horizontal plexus. The venous descending limb can be 1.5 times as wide as the 

arterial ascending limb. Vertical arteriovenous anastomoses with glommerae 

connect the two plexuses.  
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The horizontal vessels of the profound and superficial plexus are of utmost 

physiological importance for the skin’s microcirculation and the skin’s 

thermoregulation (see figure 2) [77] [126].  

 

 

Fig.2. Schematic Diagram representing of microvascular organization in human skin.  

E = epidermis. A: arteriole, V: postcapillary venule; F: subcutaneous fat. From Braverman (1989) 

[18]. 

 
 
 

1.2 The skin as an insulating barrier 
 

Physiotherapy interventions applied on the skin such as massage, cryotherapy, 

thermotherapy, electrotherapy and manual therapy can induce afferent stimulation 

of thermo- and or mechanosensors, which by “gate control” reduce the cortical 

perception of nocisensoric stimuli [102] [46] [43]. With topical application of thermo / 

cryotherapy, the skin and the subcutaneous adipose tissue act as an insulating 

barrier. The skin plays an important role to maintain the core temperature of the 

body by regulation of the local skin blood flow (SBF) and the secretion of sweat. 

This thermoregulation by means of increase or decrease in local blood flow is a 
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physiological process used in physiotherapeutic treatment of musculoskeletal 

disorders [109]. In addition to the local effects of temperature in non-glabrous skin 

(limbs, head, and trunk), reflex changes in SBF are mediated by dual sympathetic 

neural control mechanisms encompassing noradrenergic vasoconstrictor nerves 

and cholinergic active vasodilator nerves, which are unique to humans. They effect 

the major aspects of thermoregulatory responses over most of the human body’s 

surface [79].  

During periods of normothermia the SBF represents approximately 5% of the 

cardiac output and the cutaneous vessels receive relatively minor neural inputs from 

active vasoconstrictor and vasodilator nerves. In a state of hypothermia with a 

decreased core and ST, the reflex activity of the sympathetic active vasoconstrictor 

nerve increases in order to reduce SBF and conserve the central body temperature. 

In response to hyperthermia with an increased local skin and core temperature, an 

increase in sympathetic active vasodilatator activity is induced to increase SBF. 

During periods of severe heat stress SBF can reach up to 60 % of the cardiac 

output. To maintain a constant core temperature, the increased SBF will reduce 

body heat by conduction and sweat evaporation [79]. The heat transported from the 

body core to the skin's surface has to pass through the subcutaneous adipose 

tissue, which inappropriately is a poor conductor of heat. Even a thin layer confers 

insulation against heat loss. The insulating effect of the adipose tissue layer can be 

bypassed through vasodilation of the cutaneous arteriovenous vessels. Increasing 

the blood flow in the dermis and reducing the ST by evaporation of sweat on the 

skin is the primary mechanism by which muscle heat during exercise and heat of a 

local thermo application is released from the body [114].  
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1.3 The skin as a barrier for topical drug application 
 
The skin acts as a protective barrier to maintain our internal milieu separated from 

extraneous materials [123]. The cornified envelope of corneocytes is almost 

impermeable for diffusing substances. Since the lipid regions in the SC constitute 

the only continuous structure, penetrating substances applied onto the skin always 

have to pass these regions [17]. Therefore, the skin’s barrier capacity is a function 

of the molecular architecture of the lipid structure in the extracellular space between 

the cells of the SC [16].  

The biological mechanism of dermal absorption is the complex process of 

penetration (substances entering a skin layer), permeation (migration through skin 

layers) and the resorption (take up of the compound by the circulation or lymph 

system) into the viable tissue of the body. Topical formulations can be designed to 

exert their action on the skin; in the skin (epidermis and dermis); systemically  

(absorption by the vascular system); or in deeper tissues such as muscles, tendons 

and synovia [152]. The rate and amount of percutaneous absorption of a compound 

depend highly on both the physiologic characteristics of the skin and the physico-

chemical properties of the permeating agent [60].  

The transport of a substance through the skin occurs mainly by passive diffusion. 

The diffusion process of a compound through the skin can be divided into a lag 

phase and a linear phase. The lag phase is defined as the period between drug 

application and the linear phase. In the lag phase the substance flux rate increases 

progressively. The linear phase is characterised by a steady state process whereby 

a constant gradient of compound is present in the membrane [65]. The theoretical 

curve as depicted in figure 4 indicates that in the lag phase of drug application no or 

very little drug penetrates the skin. When the number of molecules entering the 
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membrane increases, the flux of the drug gradually grows until it reaches a steady 

state level [56]. The lag time has been defined as the linearly extrapolated intercept 

with the time axis of the steady state section of the penetration profile [65].  

 

 

Fig. 4. Penetration profile obtained under infinited dose conditions. Lag time phase (a); the  

amount penetrating the skin attains a steady state (B) where the amount penetrating per unit  

time is constant; the gradient of this line can be used to calculate the steady state flux (JSS) often 

expressed as (g.cm-2.h-1) (Chilcott, RP. and Price S. Principles and Practice of Skin Toxicology 2008) 

[25]. 

The linear steady state phase occurs when the drug concentration gradient across 

the membrane is constant, i.e. when the drug rate entering the skin equals the rate 

that it exits.  
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According to Fick’s first law, the flux of a permeant through the SC is constant if the 

permeability coefficient and concentration difference is constant.  

J = Kp. ∆C = D. K. ∆C / L  

 

J = flux of the permeant through the SC (µg.cm-2 .s-1) 

Kp = permeability coefficient of the permeant in the SC (cm. s-1) 

K = partition coefficient between the SC and the vehicle (concentration in the 

     skin / concentration in the vehicle) 

D = diffusion coefficient of the permeant in the (SC cm-2 .s-1) 

∆C = concentration difference across the membrane (µg.cm-3) 

L = length of diffusion pathway of the SC 

 

Factors influencing the efficiency of compound absorption through the skin include: 

area of contact, duration of exposure, lipophilicity, molecular weight (MW) 

concentration of the compound, integrity of the SC and thickness of the epidermis 

[56]. To achieve a high concentration of a permeant in the first layers of the SC, the 

permeant should have a high tendency to exit its vehicle and to permeate into the 

dermis. The potential for depletion of the permeant from its vehicle is expressed in 

the partition coefficient (K) of the permeant. As the barrier in the SC is mainly lipoid, 

a high lipid solubility of the compound is necessary for a maximal input of the 

permeant into the SC. As the underlying layers of the epidermis, dermis and 

circulatory regions are more hydrophilic than the SC, extremely hydrophobic 

permeants will encounter difficulties to permeate into the dermis.  
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The magnitude of the K is affected by the composition of the support as well as the 

chemical structure and the charge of the permeant [166] [146].  

In transdermal drug delivery the choice of vehicle is crucial as it influences the 

tendency of permeant release [39]. The diffusion coefficient, also called diffusivity, 

(D) is an important indicative parameter of the diffusion mobility of a molecule within 

a medium, in this case the intercellular lipids in the SC [171]. The molecular size 

(MW) and the interaction of the substance with cutaneous molecules are depending 

parameters of diffusivity. Non-specific and specific binding may occur in both the 

epidermis and dermis, reducing diffusivity and thereby decreasing skin permeability 

[166]. The diffusion of the compound through the skin is inversely related to its 

molecular size. The diffusivity for a large molecule is lower than that of a small 

molecule [10]. Molecules with a MW less than 500 Daltons and an adequate 

solubility in oil and water, will penetrate efficiently and rapidly though the skin. It is 

generally accepted that molecules with a molecular mass less than 5000 Daltons 

are able to migrate the skin barrier. The use of penetration enhancing techniques or 

delivery molecules, increases the possibilities of molecules with a high MW (in 

particular proteins) to penetrate the skin [12].  

In the therapeutic treatment of musculoskeletal inflammatory disorders NSAID’s and 

corticosteroids are frequently used to reduce pain and to inhibit the inflammation 

process. Target tissues are muscle, tendon, synovia, ligaments and skin. As the 

skin is a heterogeneous multilayer tissue consisting of the lipophilic SC and the 

much more aqueous viable epidermis and dermis the permeant should have 

balanced partitioning criteria. Once the topical applied compound is absorbed 

through the skin, part of the substance is taken up into the microcirculation for 

systemic distribution. In physiotherapy transdermal drug applications aim to achieve 
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high drug concentrations in the target tissues. Therefore, the used compound 

should have a low dermal retention and a low systemic uptake.  

The drug permeation after transdermal administration is controversially debated in 

the literature. Panus et al. (1999) investigated the local tissue permeation depth (in 

swine) during in vivo ketoprofen iontophoresis and demonstrated that a single 

iontophoretic administration of ketoprofen resulted in clinical relevant higher 

ketoprofen concentration in the superficial muscle layer (at 1cm depth) compared to 

the drug concentration in the skin [117]. The study of Hui et al. (2001), investigating 

the in vivo local and systemic uptake of iontophoretically administrated DF in 

rabbits, also found significant higher drug concentrations in the skin, subcutaneous 

tissue and muscle directly under the site of application compared to plasma 

concentrations and concentration in comparable tissues at an untreated location. 

These results indicated that iontophoretic administration of DF leads to higher drug 

concentrations in the tissues under the site of application independently of systemic 

distribution [73]. Radermacher et al. (1991) investigating the DF plasma and 

synovia concentrations after topical administration of DF on the knee could not 

confirm these findings. Although the DF synovia concentration was higher in the 

treated knee compared to the untreated knee, the local DF synovia concentration 

was lower than the systemic plasma concentration. The authors concluded that the 

transdermal uptake of DF in synovial fluid is not the effect of direct local tissue 

uptake but mainly due to effect of the systemic uptake [129]. 
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1.3.1 Skin penetration pathway  
 
Drug substances can permeate the SC by means of a transepidermal route or a 

route via pores [171]. As stated by Williams and Barry (1992), the transepidermal 

route provides a transcellular and an intercellular pathway through the human SC 

(Figure 5) [171]. 

 

Fig. 5. Simplified diagram of SC and two microroutes of drug penetration (Barry, 2001) [10]. 

 

Polar or hydrophilic substances are believed to pass the SC through polar channels, 

also called the transcellular route, crossing the skin by directly passing through both 

the lipid structures of the SC and the cytoplasm of the dead keratinocytes. Although 

the transcellular route may provide a direct pathway through the SC, polar 

molecules may encounter significant resistance to permeation because they have to 

cross both lipophilic and hydrophilic structures [56] [171] [152]. The more common 

route for lipophilic materials to permeate the skin is the lipophic intercellular route 

[67]. Here the permeant overcomes the SC by passing through the lipid rich 

intercelluar space between the corneocytes. 

Besides the transepidermal and intercellular pathways, there is a third potential 

pathway for the penetration of topically administered substances. The 

transappendageal penetration route transports the substances into the 
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subepidermal layers through the sweat glands and via hair follicles with their 

associated sebaceous glands [152]. The transappendageal pathway may be 

important for particles that slowly permeate through the SC such like ions, 

polymers, colloidal particles and large polar molecules [10].  

Recent publications suggest that drug penetration through the follicular shunts of 

the pilosebaceous units could be more significant than previously believed [100] 

[172] [82]. 

 

Fig.6. Possible drug penetration pathways across the SC schematically. Adapted from Lippold [92]. 

 

1.3.2 Reservoir function of the SC 
 
As first demonstrated by Vickers (1963), the human SC has besides its function as 

a barrier the property to store previously topically applied substances for a 

prolonged time. In Vickers’ experiment, small quantities of corticosteroid were 

applied and occluded with a plastic film. When after 16 hours the occlusion was 

removed, blanched vasoconstricted application areas appeared. Four days after the 

initial corticosteroid application, the skin application sites were occluded a second 

time. Without any product application, the re-occlusion provoked a new blanching 

vasoconstriction of the pre treated skin areas. This effect was not seen when the 

SC was removed by tape stripping (TS) or bypassing the tissue with an intra-dermal 
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injection. Vickers suggested that this phenomenon was due to the occlusion-

stimulated release of corticosteroids out of a SC reservoir [160]. A SC reservoir is 

an accumulation of topically applied compound within SC for a longer period of time. 

More recently, reservoir properties have been equally ascribed to deeper skin layers 

[132]. The formation and the duration of a reservoir can affect the 

biopharmaceutical efficacy of passive delivered compounds and can influence the 

drug concentration permeating through the skin and the concentration reached in 

the target tissue [32] [134] [135]. The existence of a reservoir within the SC has 

been documented for several topically applied solutes [160] [32] [118] [149]. 

 

1.4 Penetration enhancement methods 
 
In physiotherapy the transdermal delivery of drugs is a routinely used topical 

treatment to reduce pain and inflammation in musculoskeletal disorders [136] [93] 

[11] [94] [62] [20]. Transdermal transport has potential advantages compared to 

traditional drug delivery methods including oral delivery and injections. Transdermal 

drug delivery bypasses the hepatic first pass effect, avoids gastrointestinal 

problems and facilitates patient’s compliance [104]. The lamellar bilayer 

organization of the lipid matrix offers the major barrier to transdermal drug delivery 

[16]. In order to achieve a clinical effective drug concentration in the target tissues 

such as muscle, tendon and synovial fluid, various studies have been carried out to 

find safe and suitable techniques to promote the percutaneous absorption of drugs 

[104].  

Penetration enhancers encompass chemical methods by means of substances or 

physical methods that facilitate the absorption of a penetrant through the skin by 

temporarily diminishing the poor permeability of the skin [145].  
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Several studies revealed that the permeation of a drug through the skin can be 

enhanced significantly by chemical or physical penetration enhancement methods 

[88] [64] [137] [9] [45] [163]. Physical methods like occlusion, iontophoresis and 

sonophoresis are frequently used in physiotherapy in order to increase transport of 

molecules across the skin [78] [104] [7] [143] [130]. Physical penetration 

enhancement techniques as used in physiotherapy aim to reduce the barrier 

properties of the skin in different ways, some of the techniques act on the lipid 

bilayer while other techniques act on the keratinized structures or cutaneous 

hydration [24]. 

 

1.4.1 Occlusion 
 
Occlusion is defined as the insulation of the skin with a water evaporation-limiting 

barrier [140]. With this obstruction of the TEWL from the skin surface, the normal 

water content of the SC (10-20%) can be increased up to 50%. Skin occlusion and 

enhanced SC hydration both increase the skin's permeability for many molecules in 

vivo as well as in vitro and thereby affect the transdermal absorption of topically 

applied drugs [174]. In physiotherapy the administration of DF by a topical patch is a 

frequently used method indicated for the treatment of acute pain, sprains and 

contusions [96] [91] [120].  

 

1.4.2 Iontophoresis 
 
To enhance the delivery of (pro) drugs through the skin, physiotherapeutic 

iontophoresis involves the application of a direct current of low ampere rating up to 

0.5 mA/cm2 by means of bipolar electrodes [88] [64] [137] [9]. Ionized molecules are 

stated to migrate along the lines of the applied electric field with the positive ions 



The skin as a barrier in fysiotherapy 20 

(cations) driven away from the anode and attracted by the cathode, with the 

opposite action for the negative ions (anions). After overcoming the main SC barrier 

the penetrated molecules become available for the viable tissues [45].  

The penetration of unionized molecules is stated to occur by means of a convective 

flow from the anode to the cathode due to an electrochemical NaCl gradient. This 

convective flow carries whit it these unionized molecules. This electrolytic process 

results in an increase of pH at the cathode and a decrease of pH at the anode [163].  

 

Fig. 7. Schematic diagram of iontophoretic technique: as current is applied the drug cations are 

repelled and migrate through the skin and eventually absorbed from the capillary network into the 

systemic circulation (Dhote et al., 2012) [45].  

 

If the ampere dosage is too high, the involved pH changes can provoke discomfort 

and irritation of the skin. In physiotherapeutic iontophoretic application the electrode 

surface ranges from 7 to 44cm2 [44] [138] [87] and the reported current varies from 

4 to 11mA [88] [64] [137] [44] [87] applied during 10 up to 20 minutes [88] [64] [137] 

[44] [169] [141]. The electrodes can be placed parallel on to the treated area, [44] 

[169] or the active (compound) electrode can be placed above the treated area 

while the return electrode is generally positioned at the opposite site [137] [9] [138].  

Fundamental as well as clinical iontophoretic experiments have been published. 

Fundamental experiments have been carried out to gain insight in the mechanisms 

and influencing factors of the percutaneous penetration process. They have been 

carried out on healthy volunteers and on animals and in vitro on animal skin. 
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Evaluation methods were directly invasive (e.g. dialysis, biopsies) or indirect by 

means of radioactive substances. The methods used in fundamental research are 

not applicable during iontophoretic treatment in the physiotherapy setting. The 

duration of the treatment in fundamental experiments can last for hours whereas the 

duration of iontophoretic therapy normally lasts for about 20 minutes. Current 

densities applied in the in vitro studies were often unrealistic high and not 

comparable or applicable under clinical physiotherapeutic conditions.  

 

1.4.3 Sonophoresis  
 
Therapeutic ultrasound is one of the most frequently used electro physical 

modulations in clinical physiotherapy and sport medicine practice [26] [125]. 

Although little evidence supports the use of ultrasound therapy in the treatment of 

musculoskeletal disorders, therapeutic ultrasound is a predominant application in 

the clinical practice to treat musculoskeletal injuries [158] [59]. Ultrasound therapy 

can also be used to enhance the transdermal penetration of pharmacologic agents 

through the skin, in context called sonophoresis or phonophoresis [97] [105]. In 

physiotherapy the sonophoretic delivered drugs commonly are anti-inflammatory 

drugs such as dexamethasone, diclofenac (DF) and salicylates, but also 

anaesthetics such as lidocaine [3] [133] [28] [170]. The mechanism of skin 

permeabilization induced by high-frequency ultrasound is stated to be provoked by 

cavitation effects [105]. The cavitation effects are predominantly invoked within the 

skin, either in skin appendages or at locations near the keratinocytes of the SC 

[104]. It has been hypothesized that the collapse of cavitation bubbles near the SC 

increases the skin permeability due to a disruption in the lipid barrier organization of 

the SC [106]. Although cavitation during sonophoresis is the primary mechanism to 

enhance skin permeability, non-cavitational mechanisms related to sonophoresis 
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have been proposed, such as convection, mechanical or radiation pressure and 

thermal effects [104] [144] [90] [103]. Although high frequency sonophoresis (1–3 

MHz) is less effective to enhance skin permeability than low frequency 

sonophoresis (20–100 KHz) the lowest value for the high frequency band (1MHz) 

may equally have penetration enhancing effects. Sonophoresis as used in 

physiotherapy is commonly applied at a frequency of 1MHz and aims the regional 

and topical delivery of drugs [105]. There are two modes of sonophoretic treatment: 

i) a pre-treatment method, with the skin treated with ultrasound prior to the drug 

administration or ii) a modus with the ultrasound applied simultaneously through a 

coupling media containing the pharmacologic substances [133] [128].  

Although the sonophoretic delivery of therapeutic compounds is a common 

procedure in the physiotherapeutic practice, there are scarce evidences concerning 

the clinical effectiveness of this transdermal delivery technique. Most 

physiotherapists apply sonophoresis using the simultaneous technique whereby the 

treatment time depends on the size of the treatment area [128].  After the 

sonophoretic treatment, the coupling media including the pharmacologic 

components is usually immediately removed from the skin. Saliba et al. (2007) 

proposed an additional exposure under occlusive dressing after sonophoretic 

treatment [139]. 
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1.5 Non-invasive measurements of skin properties 
 
Cadaver skin has been used within the context of fundamental research. In 

dermatologic practice and in vivo clinical research, examination of skin properties 

can be performed by visual inspection and by palpation. However, visual inspection 

is subjective, and some important skin properties are not visually perceptible.  

Due to the easy accessibility of the skin, researchers tended to use invasive 

traditional assessments like harvesting skin biopsies, which are time consuming, 

and painful [58]. So for in vivo evaluation of the skin, there is a certain need for 

objective reproducible and standardized non-invasive skin assessment techniques. 

Over the last decades the study of the biophysical parameters of the skin has been 

undergoing an enormous transformation. Advances in technology increased the 

possibilities of non-invasive measurements of the skin. New commercially available 

instruments have facilitated the study of many of the skin’s physiological and 

biophysical properties including barrier properties water content, TEWL, 

temperature, elasticity, and blood microcirculation of the skin. These reproducible, 

standardized and valid measurement procedures have contributed to a better 

understanding of the skin characteristics and skin function. The following chapter 

only discusses non-invasive biophysical skin measurement techniques used in the 

experimental design of the study.  

 

1.5.1 Skin temperature 
 
Since the human skin defines the interface between the human body and its thermal 

environment, the ST is an essential to control and to quantify the heat transfer. The 

ST is influenced by outside factors such as environmental temperature, the air 

dynamics (chill factor) and the relative humidity but also by endogenous factors 
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including metabolic activity, psychological factors and hormone release [80] [81]. 

SBF changes dynamically due to the continuous interplay between the 

vasoconstricting and vasodilatating mechanisms influencing the ST. Consequently, 

ST measurements can be used as an indicator of superficial skin perfusion or to 

study induced skin changes. 

Several methods to measure skin surface temperature exist such as contact 

thermometry (thermocouple, thermistors, thermo chromic liquid crystals) and non-

contact techniques like infrared thermometry.  

 

The thermocouple technology is based on the Seebeck principle whereby in a 

closed circuit of two dissimilar metals an electric current is induced due to a 

difference in temperature between the two ends of the junction. The thermoelectric 

voltage created depends on the metals that create the thermocouple and the 

temperature difference at the junction [131].  

Clarys et al. (1991), evaluating different topical vasodilatory products with non 

invasive techniques, demonstrated that thermocouple thermography measurements 

have a high reliability within a context of low inter-subject variability (mean 32.4 °C ± 

0.09 °C; C.V. = 0.26% for n=12) [31]. 

 

1.5.2 Skin colour 
 
The major biochemical determinants of skin colour are the pigments carotene, 

hemoglobine and melanine. The primary determinant of the variability in colour of 

the human skin is the amount, density, and distribution of the pigment melanin. The 

quantification of experimentally induced colour changes of the human skin is a 

widely used in vivo dermato-cosmetic research method, since the magnitude of the 
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colour response can be used as an indicator of skin properties (integrity of the skin 

barrier and sensitivity), drug properties (concentration, bioavailability), vehicle 

properties (formulations, enhancers) and skin protection properties (sun screens) 

[147] [29]. Although the human eye can easily distinguish differences in skin colour, 

it is inadequate to make quantitative comparisons at different times or at distant 

sites [147].  The ‘Commission Internationale de l’Eclairage’ (CIE) developed a 

colour system attuned to the non- linear characteristic of the colour perception of 

the human eye. The L*, a*, b* system colour space system is defined by a three-

dimensional perpendicular axis system. The chromaticity coordinates comprises 

two radius coordinates on a circular plane: (a) a zero angle radius coordinate 

representing colours and hues ranging from red (+a*) at one end to green (-a*) (b) a 

90° angle radius coordinate representing colours and hues ranging from yellow 

(+b*) at one end to blue (-b*). Perpendicular to this disk plane lies the L* coordinate 

standing for the brightness and varying between white (L*=100) and black (L*=0). 

The three radial axes define a sphere of colours and hues. 

 

   
Fig. 8. The CIELAB L* a*b* color space system. The chromaticity coordinates a* (varying between 

red and green ) and b* (varying between yellow and blue)  Represented on a circle with the colour 

value perpendicular to the disk plane.  
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Instrumental colour assessment provides consistent and objective quantification of 

induced skin changes. Most instruments developed to measure colour are 

reflectance meters, measuring the emitted and reflected spectrum [165].  

Up to now the Chromameter is the most used instrument to objectively quantify 

surface colour changes. The Minolta CR 200 Chromameter® (Minolta Camera CO., 

Ltd., Osaka, Japan) is a compact tristimulus colour analysis system with a pulsed 

xenon arc lamp. The instrument consists of six high sensitive silicon photocells, 

which are used by the meter’s double beam feedback system to measure both the 

emitted and the reflected light from colour surfaces.  

The Chromameter CR 200 consists of a data processing unit and a measuring head 

with an 8 mm diameter measuring area.  

Several researcher confirm the positive correlation in quantification of MN induced 

erythema between the a* parameter of the Chromameter reflectance measurement 

and perfusion of the skin microcirculation by laser Doppler velocity measurements 

[87] [86] [31]. 

The skin blanching assay is a non invasive frequently used bioscreening technique 

to evaluate topical corticosteroid potency in human skin [23]. The intensity of the 

blanching response varies directly with the L* coordinate and inversely with the a*, 

as the skin pallor becomes lighter and its redness fades. For measuring the skin 

blanching response with the Chromameter, the coordinates L* and a* have been 

proven to be more discriminative compared to the b*coordinate [23] [127]. The 

overall colour evaluation of the blanching response is often expressed by ∆E, (total 

colour difference) which is calculated by the sum of colour difference between 

baseline value and the blanching value for the L*,a* and b* parameter [167] .  
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1.5.3 Transepidermal water loss 
 
The epidermal layer serves as a permeability barrier regulating the transcutaneous 

movement of water and the transport of electrolytes [89] [63] [111]. Transepidermal 

water loss (TEWL) is a measure of the quantity of water that passes through the SC 

to the surrounding atmosphere via diffusion and evaporation processes [63] [111]. 

Measurement of the TEWL is a non-invasive technique to assess SC integrity and 

used as a reliable indirect measure of the barrier function of the skin. TEWL 

evaporimeter measurements are generally expressed in g/m².h. In normal healthy 

skin the barrier is quite effective and the low water loss rates from the living tissue 

result in low TEWL values. Compromised barrier function due to increased 

hydration or physical damage of the SC is directly related to higher TEWL values 

[85] [108].  

Various types of evaporimeters have been developed, the most widely used is the 

open chamber device with calculation of TEWL based on Fick’s law of diffusion 

[111]. The open chamber evaporimeter probe is on top open to the environment 

and consists of a cylindrical capsule, equipped with two hygrosensors to detect the 

water evaporation gradient. The hygrosensors are coupled with temperature 

sensors [36]. Limitations of the open chamber evaporimeters are relatively long 

recording times and the fact that the probe must be held in the vertical position in 

order for the water vapor to flow unimpeded over both sensors. More recently 

closed chamber evaporimeters are available on the market, claiming to have 

shorter reading times and the ability to measure TEWL at any angle to the skin 

surface [4] [42]. The Tewameter® is an open chamber device (Courage and 

Khazaka electronic GmbH Cologne, Germany) and is widely used in both research 

and dermacosmetic industry. 

Various studies used TEWL measurements to demonstrate the relationship 
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between barrier disruption and the application of penetration enhancing techniques. 

Choi et al. (1999) studied the effect of pre-treatment of chemical skin penetration 

enhancers in transdermal drug delivery by means of iontophoresis. Pre-treatment 

with chemical enhancers induced high TEWL values in correlation with barrier 

impairment [27]. Recently, Herwadkar et al. (2012) used TEWL measurements to 

demonstrate that low frequency sonophoresis at 20 kHz was effective in enhancing 

the delivery of ketoprofen into and across the skin in rats. Drug concentration levels 

in skin increased from 34.69 ± 7.25 μg following passive permeation to 

212.62 ± 45.69 μg following sonophoresis. TEWL values increased from 31.6 ± 0.02 

(passive) to 69.5 ± 12.60 (sonophoresis) indicating disruption of barrier properties. 

Performed under standardized environmental conditions, TEWL measurement is an 

accurate and sensitive method to evaluate the effectiveness of penetration 

enhancing techniques [70]. 

 

1.5.5 Perfusion of skin microcirculation measurement 
 
The microcirculation has an important function in thermoregulation (vasodilatory- or 

vasoconstrictive reactions). The perfusion can equally be influenced by other 

physiological mechanisms and vaso-active substances. Skin perfusion can be 

quantified using Laser Doppler Velocimetry. The laser Doppler technique is based 

on the measurement of the Doppler shift, induced by the migrating red blood cells 

within the coherent monochromatic laser beam. The laser Doppler measures the 

total local microcirculatory blood perfusion including the perfusion in capillaries 

(nutritive flow), arterioles, venules and shunting vessels. A beam of laser light 

(633nm or 780 nm) carried by a fiber-optic probe is placed on the skin area under 

investigation. When the laser beam illuminates a small area of tissue, photons will 
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be scattered and partly absorbed by the tissue. The velocity of the moving blood 

cells under the laser beam provokes a change in the wavelength of the beam 

(Doppler shift) with the light reflected by the static tissue (not laser shifted) 

remaining unchanged. 

Laser Doppler velocimetry (LDV) is a frequently used non-invasive diagnostic 

method to quantify the microperfusion of the skin. The magnitude and frequency 

distribution of the wavelength changes are directly related to the number and 

velocity of the moving blood cells in the illuminated sample volume (Flux). The laser 

light penetrates the skin to a depth of approximately 1 mm, enabling perfusion 

measurements of the dermal capillaries and arteriovenous shunts at a depth of 0.5-

1 mm with a measurement volume of about 1mm³. The output signal from the laser 

Doppler Flowmeter is expressed in relative and dimensionless arbitrary Perfusion 

Units (PU). There are limitations of the technique, the Doppler laser technique does 

not evaluate the perfusion at a single point quantitatively in real time, but relatively. 

No current laser Doppler instrument provides absolute perfusion values. The lack of 

absolute quantification for perfusion, the lack of knowledge of the depth of 

measurement and the biological zero signal (perfusion measured at no flow 

condition) are the major limitations of the laser Doppler technique [95] [161].  

Recent developments enable to measure in a single session the perfusion of the 

microcirculation from a larger area by scanning the laser beam over the area of 

interest, providing a perfusion map output on a heterogeneous tissue. The 

advantage of the laser Doppler perfusion imaging is that there is no need of tissue 

surface contact, making it specifically useful in clinical situations were contact with 

the tissue is undesirable [54]. 
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1.5.6 Models to study percutaneous absorption non- invasively 
  
Molecules eliciting a physiological reaction on the microvascular system can be 

used in models to study percutaneous penetration. The use of non-invasive 

instrument allows objective quantification of different aspects of the response 

kinetics. Substances such MN, hexylnicotinate and capsaicin provoke a localised 

vasodilatory response whilst corticosteroids induce a vasoconstrictive reaction. 

Moreover the inhibition of the MN response can equally be used to indicate the 

presence of anti-inflammatory agents such as NSAID’s [49] [48] [150] [75].  

Evaluation of the response using objective colour measurement allows the 

comparison of responses under different application modalities. The topical 

application of MN results in a localized vasodilatatory response mediated by the 

release of arachidonic acid and prostagladin D2 (PGD2) from niacin responsive 

cells that resides in the skin. The produced prostaglandins act on the neuroreticular 

tissue of the arteriovenous anastomoses of the dermal vascular plexuses by means 

of an endothelium relaxant factor. The latter provokes a relaxation of the vascular 

smooth muscles resulting in an augmentation of the cutaneous circulation and a 

flooding of the superficial veins. This immediate contact reaction is visible as an 

erythema [22] [49]. The release of PGD2 in response to topically applied MN occurs 

in a dose-dependent manner over the concentration range of 0.001 to 1.0 M [83] 

[107]. Tur et al. (1991,1994) evaluated the in vivo percutaneous absorption of MN at 

different anatomic sites by using laser Doppler flowmetry. The authors concluded at 

different body regions that the variation in erythema response was related to 

regional differences in percutaneous absorption of MN, regional variations in 

vascular sensitivity and regional differences in density of the microvascularisation 

[154] [155]. Quantified MN responses with chromameter provided, similar findings 

[87]. 
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Topical corticosteroid application results in a blanching response, as first described 

by McKenzie and Stoughton (1962).  This so called skin blanching assay has been 

used commonly to classify the potency of topical applied corticosteroid formulations 

[98]. Although the exact mechanism behind the skin blanching assay is not fully 

understood, it is thought that blood flow reduction due to local vasoconstriction in 

the skin microvasculature initiates this phenomenon [68]. The skin blanching assay 

has also been used to demonstrate the reservoir building properties of the SC. 

Vickers (1964) demonstrated that re-occlusion after application of a corticosteroid 

formulation provoked a new blanching response indicating the presence of active 

corticosteroid in the SC up to one week after the initial application [159]. When 

using a physiological response such as a blanching response after corticoid 

penetration, it is generally accepted that the initial part of the response curve can be 

considered as an indication for the percutaneous penetration process while the total 

response is an indication for the amount of compound reaching the viable tissue 

[34]. 

A more pronounced blanching response to the occluded application is an indication 

of weaker barrier properties of the hydrated SC [30]. The skin- blanching assay has 

proven to be a valid non-invasive method to demonstrate reservoir properties and 

bioavailability of corticosteroids in the SC. Consequently, the skin blanching test can 

be used to evaluate the effectiveness of penetration enhancement techniques as 

used in physiotherapy. 

Finally, quantification of the inhibition of the MN is an elegant method to study the 

presence of anti-inflammatory substances in the dermal tissues.  

Wilkin et al. (1985) used laser Doppler velocimetry to study the effect of oral 

administration of anti-inflammatory drug on the MN induced erythema response. 

The inhibited local erythema responses indicated the involvement of prostaglandin 
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release in the cutaneous vascular reaction [168]. The studies from Treffel & Gabard 

(1993b) and Treffel et al. (1993) demonstrated an inhibition of the MN induced 

inflammation reaction after topical application of DF and ibuprofen. The in vivo 

results of the Chromameter measurements and the Laser Doppler flowmetry 

measurements correlated significantly with the in vitro determination of the drug 

levels in the SC [151] [150]. These findings demonstrated a proportional inhibition of 

an MN provoked erythema by the bioavailability of anti-inflammatory drugs in the 

SC. The inhibition of the MN induced inflammation assay is a valid non-invasive 

method to measure the effectiveness of topical formulations containing anti-

inflammatory agents [118] [87] [151] [150] [66] [22] [168].  

 

1.6 Summary evaluation 
 
Although little evidence exists for the long term effectiveness of physical therapy 

applications, its use in the management of muscloskeletal disorders is widespread.  

Local heat applications such as paraphango are used in the treatment of ischaemic 

muscle pain. The vasodilation induced by local heat increases the blood flow in the 

muscle tissue, reducing the ischaemia and pain sensation. As the redistribution of 

blood towards the heated area could have an impact on the patients cardiovascular 

system, cardiovascular problems are often considered as a contraindication for local 

heat application. Although it is claimed that local heat application influences the 

perfusion in the underlying soft tissue, the physiological mechanisms controlling 

vasomotion and thermoregulation are not well understood and information on heat 

induced changes in skin parameters is limited. Evaluation and quantification of the 

changes in ST and the local effects on the arterial and venous microcirculation of 

the skin could provide important insights and define contraindications for 
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paraphango therapy. Cardiovascular adaptations such as heart rate, DBP and SBP 

in reaction to paraphango could also provide insights in the impact of blood 

redistribution on the cardiovascular system and to define possible contraindications. 

Topical transdermal applications are commonly used in the treatment of various 

(rheumatic) inflammatory dysfunctions and acute soft tissue injuries [62] [94] [136] 

[173]. In physiotherapy various transdermal enhancements techniques, such as 

sonophoresis, iontophoresis and occlusion are used in order to decrease the skin 

barrier and to achieve a clinical effective drug concentration in the target tissues 

[15] [47] [51] [87] [156]. Although several clinical studies claim an advanced healing 

process after the use of transdermal techniques, [69] [44] [41] the evidence related 

to the effectiveness is controversially discussed in the literature and basic principles 

of transdermal penetration are not always taken into account.  

Screening the literature on iontophoretic delivery as used in the physiotherapy 

revealed that most human in- vivo studies take no account of the basic principles of 

percutaneous penetration. The effectiveness of iontophoretic delivery of an active 

substance is usually only compared with placebo iontophoresis without an active 

substance, which provides no proof for the penetration enhancement effect of a 

current. 

Studies investigating clinical outcome of iontophoretic drug delivery did not compare 

the effect of iontophoresis with the effect of passive penetration. To obtain valid 

results on the enhancement factor of a current, data of iontophoretic delivery should 

be compared with data of passive drug penetration, as iontophoretic delivery can be 

substantially influenced by passive penetration.   

Beside its function as a barrier, the human stratum corneum has the property to 

store previously topically applied substances during a prolonged time. A stratum 

corneum reservoir is an accumulation of a topically applied compound within the 



The skin as a barrier in fysiotherapy 34 

skin or within a skin layer for a longer period of time. The building up of a SC 

reservoir is an important component of the pharmacodynamics of topically applied 

substances. Rougier et al. (1985) used the reservoir effect of the stratum corneum 

after 30 minutes of application to predict the total amount absorbed [134]. Up to now 

there is little information concerning the reservoir properties of DF on different 

application modalities as used in physiotherapy.  

In the treatment of musculoskeletal disorders, ultrasound is one of the most 

frequently used physical treatment modalities in physiotherapy [26] [125]. When 

ultrasound is used in combination with topical treatment of NSAIDs or 

corticosteroids a sonophoretic drug enhancement is aimed. In physiotherapy, 

sonophoresis is applied to the skin in a pre-treatment modus and a simultaneous 

treatment. Although low frequency sonophoresis (frequencies 20-100 KHz) is up to 

three order of magnitude more effective in enhancing skin permeability compared to 

the 1MHz ultrasound, the most common sonophoretic application in physiotherapy 

involves the use of high frequency or therapeutic sonophoresis (frequencies ≥ 0.7 

MHz) [105] [104] [124]. In recent years, several in vivo studies revealed the clinical 

effectivenes of high frequency sonophoresis with NSAID’s and corticosteroids in the 

treatment of musculoskeletal disorders [72] [8] [84] [11] [21]. As hypothesized in the 

review of Polat et al. (2011), the pre-treatment method causes enhancement of the 

drug transport mainly due to structural changes in the skin (cavitation) whereas the 

simultaneous technique enhances the skin permeability by structural changes and 

through convention-related mechanisms (thermal radiation, pressure effects, etc.) 

[124]. 
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1.6.1 Research questions 
 
Review of the literature indicated that non-invasive bioengineering techniques can 

be utilized to unravel different aspects of topical treatment as used in physical 

therapy. The aim of this doctoral project comprised the following research 

questions: 

1. What are the effects of paraphango therapy on skin temperature, perfusion of 

the microcirculation and skin colour? 

2. What are the systemic effects of local paraphango therapy? 

3. Is the clinical applicability of iontophoresis in the physiotherapeutic treatment 

of musculoskeletal disorders evidence based? 

4. Is the application of iontophoresis effective in reducing pain in patients with 

musculoskeletal disorders? 

5. Is there an increased bioavailability of DF in the skin after electrically 

assisted delivery in comparison to the passive percutaneous penetration and 

occlusion?  

6. Is the formation and emptying of a DF skin reservoir dependent of the DF 

application mode? 

7. Does the timing of sonophoretic application influences the availability and the 

penetration process of corticosteroids?  

 

To answer the research questions 1 and 2 an original study comprised the 

investigation of the changes of skin characteristics and cardiovascular parameters 

during and after local paraphango therapy. For the research questions 3 and 4 a 

systematic review and meta-analysis was done on the effects of iontophoresis in the 

treatment of musculoskeletal disorders. To investigate the research questions 5 and 

6 an original study assessed the bioavailability of iontophoretically delivered DF. 
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Question 7 was evaluated by means of an original study comparing the halcinonide 

bioavailability between the ultrasound pre-treatment and the simultaneous treatment 

method.  

 

2. MATERIALS AND METHODS 

2.1 Measurements techniques 
 

2.1.1 Skin temperature 
 
Skin surface temperature was measured in °C with a thermocouple (NiCr-Ni) 

thermometer, the Testoterm 9010 ® (Testoterm GmbH & Co, Lenzkirch, Germany). 

The Testoterm 9010 ® consists of a measuring unit with digital display and 2 

simultaneously recording temperature probes. Measurement rate is 1 measurement 

a second with an accuracy of 0.1 °C in the temperature range of -20 °C to 50° C. 

2.1.2 Skin colour measurements 
 
To assess the skin surface colour the Minolta Chromameter CR200® (Minolta 

Camera Co., Ltd., Osaka, Japan) was used. The skin colour measurements were 

performed using the CIE 1976 (L* a* b*) system mode (see fig.8). Immediately in 

advance of each measurement session the device was calibrated to a standard 

white reflective plate (CR-A43). The centre of the reading head was gently and 

precisely positioned perpendicular on the skin surface in alignment with the 

application site. Three pulsed xenon beams illuminated the sample. One 

measurement represented the mean value of three subsequent readings and was 

automatically calculated by the instrument. The device permits absolute colour 

measurements in different colour systems (Yxy, L*,a*,b*, L*,C*, H°). Baseline 

readings (zero time) were taken at all sites (including the untreated control sites) 
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prior to the application of the formulations. During the experiments a* parameter 

values were collected on scoring sheets.  

 

2.1.3 Perfusion of the Microcirculation 
 
Perfusion of the skin microcirculation was assessed with the laser Doppler flow 

meter Periflux PF3® (Perimed KB, Stockholm, Sweden). The instrument consists of 

3 units: i. The processor section, containing the laser, optical fibers and signal 

processing circuits. ii. The display/control section containing the controls necessary 

to operate the instrument and the various analog and digital displays. iii. The output 

section contains the RS 232 connection, which delivers the measurement 

parameters as standardized digital values for external computer handling, and two 

outputs give out the same parameter as analogue voltages. The periflux PF3® 

instrument uses a 2 mW helium-neon laser source, with a wavelength of 632.8 nm. 

For the flowmetric measurements the multipurpose probe (PF3008) with probe 

holder PF 104 was used. Prior to the measurements the Periflux PF3® was allowed 

to warm up for 30 minutes. Calibration of the perfusion value was verified daily 

using the PF100 motility standard provided by the manufacturer. Measurements 

were performed in the WIDE BAND mode to cover all Doppler frequencies of clinical 

significance. To prevent occlusion of the perfusion, the probe was placed on the 

skin without pressure between the probe and the tissue. During the experiments 5 

successive perfusion values were collected on scoring sheets. The average of 

these 5 readings was defined as the perfusion value. 
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2.1.4 Transepidermal water loss 
 
Measurements of Transepidermal water loss were performed with the Tewameter  

TM 210® (Courage & Khazaka, GmbH, Cologene, Germany). The Tewameter TM 

210® is a commercial available TEWL instrument based on the open chamber 

method, measuring the water evaporation gradient on skin surfaces. The measuring 

head is composed of a cylindrical chamber (10 mm diameter, 20 mm height) with 

humidity and temperature sensors measuring TEWL values (0 – 90 g/m2 .h), relative 

humidity (0 – 100%) and probe temperature  (0 – 50 °C). Since the probe 

temperature influences the TEWL values measured, although minimally, the probe 

was placed on an adjacent skin area in order to obtain thermal equilibrium with the 

skin before performing measurements. Measuring TEWL, the cylindrical chamber of 

the probe was placed on the skin with a low and constant pressure, in a horizontal 

plane with the probe parallel to the surface. The TEWL score was defined as the 

mean value over the 60-120 seconds time interval after application of the measuring 

head to the skin. 

 

2.1.5 Blood pressure and heart rate measurements 
 
For blood pressure and heart rate monitoring a full- automatic oscillometric device 

(Omron ®; RX Classic , Kyoto, Japan) was used.  The Omron ® RX Classic is a 

clinically validated wrist blood pressure monitor with a measurement range of 0 to 

299 mmHg for blood pressure and 40 to 180 beats/min for heart rate. The accuracy 

for blood pressure is within ±3 mmHg and for pulse rate within ±5% of the reading. 

Before, during and after the paraphango treatment, blood pressure and heart rate 

measurements were performed with an interval of 3 minutes. All measurements 

were conducted at the left wrist with the arm flexed in front of the breast, holding the 
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measuring unit at heart level. Throughout the measurement session the subjects 

were asked not to move or to talk and to keep the hand in a neutral position until the 

measurement was completed. The SBP, DBP and heart rate values were logged in 

the scoring sheet. 

 

3. Experimental stipulations 
 
The participants voluntary took part in the experiments. The total sample (n=112) 

consisted of 39 healthy male and 73 female, Caucasians aged between 18 and 32 

years. 18 subjects were involved in the phango study (see chapter 4.1); 12 for the 

iontophoretic study (see chapter 4.3); 60 for the skin reservoir study (see chapter 

4.4) and 22 for sonophoresis study (see chapter 4.5). The subjects had healthy skin 

and were free from local or systemic treatment with anti-inflammatory drugs. Before 

the experiments, all volunteers were informed about the research protocol, the aim 

of the measurements and signed an informed consent. The ethical committee of the 

Vrije Universiteit Brussel approved the project.   

All measurements were performed under standardized temperature (20 ± 2°C) and 

relative humidity (45 ± 5%) conditions. Prior to the measurements, the volunteers 

were submitted to a 30 minutes acclimatization period of supine position with 

coverage of a blanket (Phango experiment) or seated in a chair with the skin region 

under investigation exposed to environmental conditions (iontophoresis and 

sonophoresis experiment). During the duration of the iontophoresis, sonophoresis 

and reservoir experiments the volunteers were asked to maintain their daily 

activities but to abstain intensive showering, swimming and not to use any body 

lotions or creams at the skin regions under investigation.  
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During the entire period of the phango experiment, subjects were covered by a 

cotton and woollen blanket as during standard paraphango treatment. The first part 

of the experiment consisted of the relaxation period in which the subjects were 

resting in a supine position. During this period noise was avoided and the light in the 

laboratory was dimmed in order to ensure a relaxing atmosphere. At a three minute 

interval before (relaxing period), during and after the paraphango application the 

following measurements were directed: the heart rate, SBP and DBP using a 

automatic monitor (Omron®; RX Clasic, Koyoto, Japan), ST (thermo-couple 

thermometry), and perfusion of the skin microcirculation Laser-Doppler. Due to the 

dimension of the measuring probe, measurement of skin redness (Chromameter; 

Minolta, Japan) was only possible before and after the phango application.  

 

3.1 Methyl nicotinate induced skin erythema  
 
In our experiments, the method of Duteil et al. (1990) and Treffel and Gabard (1993) 

was applied to estimate the bioavailability of diethylammonii diclofenac (Voltaren 

Emulgel®) in the skin. Measurements were taken on the same subject after 

iontophoretic delivery, passive diffusion and occlusion, and at different time 

intervals.  

For the MN application paper filter disks (18mm, Epitest Ltd. Oy (Tuusula, Finland) 

were used. The disks were saturated with a 0.005M aqueous MN solution and 

applied on the application sites under investigation for 30 seconds. After removal of 

the paper disk, excess of MN was removed by using a tissue paper. In the 

experiments where DF application was assessed, skin application sites were 

marked on the volar part of the forearm arm in a randomized order. At different time 

intervals post DF application, the 100% MN induced erythema response and the 
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inhibited responses at different post DF application sites were evaluated with the 

Chromameter and /or laser Doppler flowmetry. The number of selected skin sites 

enabled the application of only one treatment modality per skin site. 

3.2 Corticosteroid induced blanching 
 
Blanching profiles can provide information concerning the onset of vasoconstriction 

activity, which indicates the bioavailability of corticosteroid in the skin. Evaluation at 

different time intervals of the blanching profiles allows evaluation on the 

effectiveness of topical drug delivery modes. A comparative evaluation on the 

effectiveness between a pre and a simultaneous sonophoretic treatment was 

performed using the initial part of the physiological blanching response as an 

indicator for the penetration process of halcinonide through the SC. The halcinonide 

treatment consisted of the application of 12 mg of a commercial available 1% 

corticosteroid cream (Betacorton, Spirig Egerkingen, Switzerland).  

After the sonophoretic delivery of halcinonide (1 MHz frequency at an intensity of 

1.0 W/cm2 for 5 minutes) all treated skin areas were occluded with a plastic film and 

sealed with self adhesive tape ((6x7cm) 3M™ Tegaderm) for 2 hours. Before 

treatment and after removal of the occlusive film, skin colour was measured at 6-

minute intervals up to 60 minutes post halcinonide application. Corticosteroids 

induced blanching was evaluated by Chromametry, operating in the L* a* b* modus. 

For the ultrasound treated skin areas, TEWL was measured directly before and 

after the ultrasound treatment.  
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3.3 Structure and chemical properties of the used indicator 
molecules 
 
In the iontophoresis, sonophoresis and reservoir experiments 12mg of 

diethylammonii diclofenac (Voltaren Emulgel®) or 12 mg of corticosteroid cream 

(Betacorton®) was applied on circular demarcated skin areas of 7cm2. In a pilot 

study, we tested the optimal amount of compound for application on the demarcated 

skin areas. To suit the criteria of fast application time and a sufficient covering of the 

designated area, 12 mg of cream was found to be optimal.  

Voltaren Emulgel® is cream-like oil-in-water topical emulsion, each 100 g of gel 

contains as active substance 1.16 g of diclofenac diethylammonium, which is 

equivalent to 1 g diclofenac sodium. Diclofenac diethylammonii (C18H22Cl2N2O2) has 

a negative charge of 1 a MW of 396.29 g/mol and a partition coefficient  

(N-octanol/aq. buffer) of 13.4. 

 

 

 
Fig.9. Structure of diclofenac  
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The Betacorton® crème used in the sonophoretic study contains 1 mg halcinonide 

and 50 mg urea.  Halcinonide is designated chemically as 21-Chloro-9-fluoro-

11β,16α,17-trihydroxypregn-4-ene-3,20-dione cyclic 16,17-acetal with acetone.  

Halcinonide (C24H32ClFO5) is insoluble in water and has a MW of 454.96 g/mol. 

 

 

 

 

Fig.10. Structure of halcinonide.  
 

To assess the bioavailability of DF we used 0.005 M aquatic solution of MN.  

MN (C7H7NO2) is the methyl ester of nicotinic acid and has a MW of 137.14 g/mol. 

 

  
 
Fig. 9. Structure of methyl nicotinate  
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Background/aims: In physiotherapy, fango (mud) applica-

tion is a frequently used heat therapy. The main therapeutic

effects are due to the elevated temperature of the different

tissues with a significant redistribution of blood towards the

heated area. This may influence several cardiovascular

parameters. There is only limited information on the effect

of fango application on skin characteristics. It was the aim of

the present study to evaluate the effects of fango application

on skin temperature, perfusion of the microcirculation and

skin colour. At the same time, cardiovascular parameters

such as heart rate, systolic blood pressure (SBP) and

diastolic blood pressure (DBP) were recorded.

Method: Eighteen healthy subjects (age 23.7 � 3.8 years)

entered the study. The skin characteristics and cardiovas-

cular parameters were measured before, during and after a

21-min fango application at 44.5 1C.

Results: Skin temperature and perfusion of the microcircu-

lation increased significantly during fango application: from

35.5 � 0.4 1C to 44.3 � 1.2 1C for skin temperature and

from 23.2 � 8.8 to 197 � 41 p.u. for the skin microcircula-

tion.These two parameters remained elevated during the

fango application and decreased slowly to baseline values

within 21 min after fango removal.Skin colour (CIELAB, a*

parameter) increased from 11.0 � 2.5 to 17.9 � 1.9 when

comparing pre- with post-treatment values. At the end of the

measuring period, the a* parameter did not return to base-

line values (15.8 � 2.1). Heart rate increased with 8 bpm

during the fango therapy and returned to baseline within

3 min after removal of the fango. SBP and DBP varied

slightly during the fango application. They returned to base-

line values within 21 min after fango removal.

Conclusion: The skin parameters indicate a transient tem-

perature effect with an increased perfusion of the micro-

circulation and a flooding of the superficial capacitance

system. The cardiovascular parameters were only slightly

influenced and remained in the physiological range. Fango

application seems not to be too demanding for the cardiovas-

cular system in healthy subjects.

Key words: fango treatment – physiotherapy – local heat – skin

temperature – skin colour – perfusion of the microcirculation
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SEVERAL THERAPEUTIC effects are attributed to
local fango treatment as used in physical

therapy. Most of the effects are assumptions
based on longstanding empirical experience,
mainly ascribed to local temperature elevation,
with fango ion exchanges through the skin only
playing a secondary role (1, 2). However, there
are only a few publications describing the influ-
ence of local heat on the human body. Applica-
tion of local heat to the skin leads to an increase in
the perfusion of the microcirculation and heat is
carried away by the blood flow. Heat is equally
conducted towards deeper underlying tissues.
Therefore, heat applied externally increases the
skin and deep tissue temperature, which will
stimulate the thermoreceptors (3, 4). This afferent
thermal signal inhibits the transmission of noci-

ceptive signals through the spinal cord to higher
centres, leading to pain reduction (5). There is
some evidence for antiphlogistic effects (6, 7),
muscle tone reduction as a result of the decreased
a-motor activity from the dorsal horn of the
spinal cord (8), increased flexibility of connective
tissue (9), decreased viscosity of the synovia (10),
vasodilatation and nitric oxide generation (11),
phagocytosis stimulation and white blood cell
activation (12) and for synergetic effects with
oral ibuprofen therapy (13). Cardiovascular dis-
eases are often considered as a contraindication
for local heat application in physical therapy
because the vascular effects may be too demand-
ing for heart patients.
Fango (mud) and humolites (humus) are pe-

loids, consisting of humus and minerals with
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traces of organic substances (blue-green algae).
Peloids are formed in a natural way in water and
soil by the activity of microorganisms (microbial
colonies and algae). Peloids have an oxido-reduc-
tion potential corresponding to that of ascorbic
acid. They may contain sulphur, in its elementary
form. Minerals from the soil and the environment
enter the peloid. Trace elements found in peloids
include boron, cobalt, copper, iodine and manga-
nese. In some naturally formed peloids, hor-
mones have been found while little is known
about the vitamin, alkaloid and protein content of
mud (14). Up to now, there are no studies in-
dicating penetration of active compounds from
the mud packs into the human skin (2). In
balneotherapy, heat retentivity is an indication
for the temperature dissipation of the fango,
expressed in 1C/cm3. It is the reciprocal of the
coefficient of heat conduction (14).
The thermophysical and hygienic conditions of

fango were improved using a mixture of paraffin
and peloids from the volcanic crater lake of
Battaglia (Italy). This so-called parafango, with
improved physical properties, ensured a slow
heat conduction, allowing application of the par-
afango heated up to 50 1C without causing any
damage to the underlying tissues. The ‘Parafango
di Battaglia’ is the fango most commonly used in
physical therapy (15).

Aim of the Study

As for the assumed therapeutic effects, few stu-
dies describe the temperature effects of paraf-
ango application. It was our aim to evaluate and
quantify the temperature changes on the skin
during parafango therapy. We equally tried to
evaluate the local effects on the skin microcircu-
lation on the arterial level (Laser–Doppler) and
the venous level (Chromametry). In order to
evaluate the impact of blood redistribution to-
wards the covered skin area, we evaluated the
effects of parafango therapy on several cardio-
vascular parameters. The latter may give more
information concerning eventual contraindica-
tions for parafango application.

Methods

Eighteen healthy subjects (11 women, 7 men)
without diabetes, vasoactive pharmaco-therapy,
inflammatory joint diseases or skin diseases
volunteered to participate in this study (age

23.7� 3.8 years). All volunteers respected a 20-
min acclimatization period (room conditions
20� 2 1C; relative humidity 45� 5%) before any
experimental procedure was started. The first part
of the experiment consisted of a relaxation period
during which the subjects remained in a supine
position for 21min. During the entire period of
this experimental procedure, subjects were cov-
ered by a cotton and a woollen blanket as during
standard parafango treatment. In order to ensure
a relaxing atmosphere, lights were dimmed and
noise was avoided in the laboratory. After this
relaxation period, fango was applied. A 1-cm-
thick parafango mudpack (‘Parafango di Batta-
glia’, Padua, Italy) with a surface of 2500 cm2 at
44.5 1C was applied for 21min. Subjects were
lying on the fango with direct physical contact
between the parafango and the skin of their back.
After removal of the parafango, the subjects
stayed in a supine position for another 21min.

At a 3-min interval before (relaxation period),
during and after the parafango therapy, skin
surface temperature (ST) (thermo-couple thermo-
metry Testoterm 9010; Testoterm GmbH & Co.,
Lenzkirch, Germany) and microcirculation of the
skin (PeriFlux PF3 Laser–Doppler; Perimed

s

,
Sweden) were measured. The thermometer and
Laser–Doppler probes remained in contact with
the skin during fango application. The thermal
probe was sealed on the skin under the paraf-
ango. The Laser–Doppler probe holder was in-
serted into the parafango, allowing direct contact
between the probe and the skin. Owing to the size
of the parafango and the treated area (2500 cm2),
covering the entire back, measurements on an
untreated control side were impossible during
the parafango application. Moreover, for the
evaluation of the skin redness (as indicated by
the a* parameter from the L* a* b* colour system,
Chromameter; Minolta, Japan), the dimension of
the measuring probe did not allow data collection
during parafango application. As a consequence,
information on skin redness was collected only
pre- and post-parafango treatment. Before, dur-
ing and after the parafango treatment, the heart
rate, systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured every 3min
using an oscillometric method. An automatic
monitor at the left wrist was used (Omron

s

; RX
Classic, Kyoto, Japan). Statistical analysis was
performed using the SPSS 13.0. Data were tested
on normality by the Kolmogorov Goodness of fit
test. Variations in skin parameters (temperature,
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perfusion and redness) and in cardiovascular
parameters (heart rate, SBP and DBP) were com-
pared using the ANOVA procedure taking into
account the entire measurement period (pre,
during and post treatment). If significant changes
over the entire period were observed, analysis of
the separate intervals (pre, during and post-
treatment) was carried out. In case of stable
(non-significant) pre-treatment values, these va-
lues can be used as a reference for the treatment
and post-treatment measures (MANOVA proce-
dure). Significance was set at Po0.05.

Results

The skin ST baseline value was 35.5� 0.4 1C.
After parafango application with physical contact
to the skin surface, the skin temperature in-
creased up to 44.3� 1.2 1C. At the end of the
parafango therapy, skin temperature was still
elevated (40.3� 0.6 1C). After removal of the
parafango, skin temperature decreased steadily
and reached baseline values within 21min
(36.1� 0.4 1C) (Fig. 1). The ANOVA procedure
indicated a significant effect over time for the
skin temperature values (Po0.05). Analysis of
the different intervals revealed that the pre-treat-
ment values remained constant (P40.05). Com-
parison with the latter values indicated
significant differences for the treatment and
post-treatment values (Po0.05).
Baseline perfusion of the microcirculation of

the skin (MC) as measured by the Laser–Doppler
method was 23.2� 8.8 p.u. During parafango
application, the perfusion increased immediately
and peaked after 6min (197� 49p.u.). At the
end of the parafango therapy, perfusion of the
microcirculation was still elevated (159� 52p.u.).
After removal of the fango, perfusion of the
microcirculation decreased, reaching a value of
48� 39AU at the end of the recording period
(Fig. 2). The ANOVA procedure indicated a
significant effect over time for the perfusion of
the skin microcirculation (Po0.05). Again,
the pre-treatment values remained constant
(P40.05). Comparison with these values indi-
cated significant differences in the treatment
and post-treatment values (Po0.05).
Skin redness (SR), as quantified by the a*

colour parameter, increased significantly during
parafango application (from 11.0� 2.5 before up
to 17.9� 1.9 immediately after removal of the
parafango). The a* parameter was still elevated

21min after removal of the parafango (15.8� 2.2),
(Fig. 3). Analysis of the a* parameter for the pre-
and post-treatment period over time indicated
significant variations (Po0.05). The pre-treatment
skin colour values over time remained stable
(P40.05). Comparison of pre- with post-treat-
ment values indicated significant differences,
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with higher values over the entire post-treatment
period (Po0.05).
The resting heart rate was around 70.5�

9.9 bpm. During heat application, the heart rate
increased, and reached the highest values within
6min (78.8� 10.5 bpm). At the end of the para-
fango therapy, the heart rate was still 75.5�
10.5 bpm. Within 3min after cessation of the
parafango application, the heart rate decreased
to 71.1� 10.0 bpm and remained constant for the
rest of the recording period (Fig. 4).
The ANOVA procedure revealed significant var-

iations (Po0.05) over time. The pre-treatment
heart rate remained constant (P40.05). Signifi-
cant differences were detected when comparing,
respectively, the treatment and post-treatment
values with the pre-treatment reference values
(Po0.05).
SBP varied around 102.9� 8.9mmHg during

the pre-treatment period and decreased to
98.7� 8.2mmHg during the parafango applica-
tion. At the end of the post-treatment period, SBP
increased to the baseline level (101.5� 9.8mmHg).
DBP slightly increased within 3min after paraf-
ango application (from 59.8� 6.8mmHg to
61.2� 6.5mmHg). Three minutes later, DBP de-
creased again up to (57.4� 6.5mmHg) and at the
end of the 21-min parafango therapy period DBP
was 54.3� 6.0mmHg (Fig. 5).
Statistical analysis indicated variations over

time for SBP and DBP over the entire measure-
ment period (Po0.05). For both parameters, the
pre-treatment values were unstable (Po0.05). As
a consequence, these values could not be used as
reference values. However, on analysing the dur-

ing and post-treatment SBP and DBP values we
equally detected unstable values (Po0.05).

Discussion

Our data showed that parafango therapy (‘Paraf-
ango di Battaglia’), commonly used as a local heat
treatment in physical therapy, resulted in signifi-
cant changes of skin characteristics at the treatment
site. As observed in other experiments (16), these
changes are characterized by (i) an increase of the
skin ST, (ii) an increase of the superficial micro-
circulation and (iii) an increase of skin redness
indicating flooding of the deeper venous system.

Laser–Doppler flowmetry and skin surface
thermo-couple thermometry are methods for
evaluating the more superficial skin properties.
Both the volume and mean velocity of the ery-
throcytes circulating in the superficial skin ves-
sels will influence the Laser–Doppler signal. This
method is very sensitive for evaluating changes
in the microcirculation of the superficial skin
layers and reflects cardiac, respiratory and arter-
iolar vasomotion fluctuations. The latter are the
main sources of skin blood flow modification
over time (17).

Using a similar experimental protocol but ap-
plying a 15-mm and a 30-mm thick ‘La Léchère’
mud pack (a mixture of clay and La Léchère
mineral water) at 50 1C, Poensin et al. (17) found
that skin temperature (12 1C) and superficial
skin flow (1600%) increased at the treated side
and that these properties remained significantly
above the baseline value for at least 5min after
pack removal (P5 0.004). In our study, the skin
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ST increased by 8 1C while superficial skin blood
flow increased 900%. Because methods of evalu-
ating thermometry and flowmetry in both studies
were comparable, it seems that the effects of
parafango therapy (despite the thinner pack
and the lower application temperature) were
more pronounced compared with the application
of the ‘La Léchère’ mud pack. However, the
differences may be explained partially by the
use of longer application times or differences in
response between the experimental groups:
Poensin et al. (17) used female volunteers be-
tween 28 and 67 years (median age 51 years)
while we worked on younger male and female
volunteers (11 women, 7 men; mean age
23.7� 3.8 years).
Skin colour as assessed by the Chromameter

reflects changes in the superfical and deeper
dermis. Our findings indicate that there is a
vasomotion of the capacitance vessels of the
deeper layers of the skin, increasing the blood
circulation and the temperature. This may ex-
plain some of the therapeutic effects of fango
therapy (e.g. better diffusion of catabolic waste
products). However, vasomotion of the super-
ficial and deeper blood vessels may also be a
part of the thermoregulatory system. Poensin
et al. (17) used the coefficient of variation (stan-
dard deviation/mean) of the Laser–Doppler
flowmetry signal for superficial skin flow as an
indirect evaluation method of vasomotion. They
recorded very low-frequency vasomotion waves
at the treated side. Together with their finding of
the blood flow increasing disproportionally com-
pared with the skin ST increase at the treated
side, and the observation that no changes oc-
curred at the non-treated side in combination
with a constant core temperature, they concluded
that central mechanisms related to thermoregula-
tion were not involved.
Our results indicate that the overall systemic

cardiovascular effects (heart rate and blood pres-
sure) were rather weak. An increase of the heart
rate (around 10 bpm) was measured immediately
after fango application. In our opinion, this may
be caused by a redistribution of the blood to-
wards the more superficial veins as part of the
thermoregulation response. SBP and DBP varied
already during the pre-treatment period, but also
during the treatment and post-treatment periods.
The pre-treatment values decreased as a function
of time. This may be an indication of the de-
creased stress and that the volunteers became

used to the different measurement procedures.
Again, the measured variations of SBP and DBP
are very weak and of no clinical significance.
We assume that the therapeutic effects are

mainly due to the temperature changes and the
increased blood flow. Similar therapeutic effects
are ascribed to rubeficiant massage products
containing nicotinates as active ingredients. Ear-
lier findings indicated a nicotinate concentration-
dependent increase in skin temperature (up to
2 1C) and perfusion of the microcirculation (up to
880%) (16). These results are completely compar-
able with the results of the fango therapy by
Poesin et al. (17).
We conclude that during and after parafango

therapy, there are strong local effects on skin
properties as measured with thermo-couple ther-
mometry, Laser–Doppler flowmetry and the Chro-
mameter for assessing skin erythema. However,
the systemic effects are rather weak. Therefore,
there is evidence that parafango therapy may be
safe for patients with venous insufficiency.
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Abstract: This systematic review and meta-analysis is focusing on the evidences related to iontophoresis used to enhance 

the topical drug delivery through the skin in the treatment of inflammatory dysfunctions, acute soft tissue injuries and 

pain. A literature search in the databases, MEDLINE (PubMed), Pedro, and the Cochrane Database of Systematic Re-

views was conducted. The methodological quality of the obtained studies was independently rated by two reviewers. Data 

were pooled from those studies in which the effect of iontophoresis treatment on pain was compared with a control or 

sham (placebo) intervention. Twenty four experimental studies evaluating the effectiveness of iontophoretic treatment 

were included. Based on comparable statistical outcome for pain, the results of ten studies could be pooled for meta-

analysis. Although several clinical studies claimed an advanced healing process after iontophoresis, controversy on the 

healing efficacy of iontophoresis remains. The overall summary estimate of the pooled post treatment values for pain was 

-0.672 [95%CI: -0.970 to -0.375] favouring iontophoresis treatment (p < 0.0001). The observed trend between studies het-

erogeneity for the post treatment pain values was low to moderate (I
2
 = 39.9%; p = 0.092). The results of the meta-

analysis indicate quantitative evidence that iontophoresis is effective in the treatment of pain, however, the lack of solid 

research design in studies on iontophoresis makes it difficult to ensure that the improvements observed can be explained 

by the iontophoresis technique in se.  

Keywords: Iontophoresis, physiotherapy, transdermal drug delivery, soft tissue injuries, efficacy of iontophoresis. 

INTRODUCTION 

 Inflammatory disorders of the musculoskeletal system 
and acute soft tissues injuries are often treated topically. 
However, the poor permeability of the skin, with the stratum 
corneum as the main barrier, allows only small quantities of 
drugs to enter the body. Several techniques, such as ionto-
phoresis, have been developed to increase the permeability 
of the stratum corneum in order to enhance penetration in 
deeper tissues such as muscles, tendons or synovial fluid [1]. 
To enhance the delivery of (pro-) drugs through the skin, 
iontophoresis applies a direct current of low amperage up to 
0.5 mA/cm

2
 by means of bipolar electrodes [2,3]. Ionized 

molecules are hypothesized to migrate along the lines of the 
applied electric field with positive ions (cations) repelled if 
applied under the anode and attracted by the opposite elec-
trode while negative ions (anions) are repulsed by the cath-
ode and attracted by the anode. The penetration of unionized 
moieties is believed to occur by convective flow due to an 
electrochemical NaCl gradient, which drags these molecules 
along with water from the anode to the cathode [4].  

 In recent years transdermal drug delivery has gained in-
creasing interest as the emergence of new physical and 
chemical techniques expanded the number of drugs that can 
be delivered transdermally. The introduction of iontophoretic 
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transdermal controlled drug delivery systems improved the 
effectivity of therapeutic treatment regimens and appears to 
be a promising technique for the delivery of a variety of 
compounds in a controlled and preprogrammed manner [5]. 

 The aim of this systematic review was to establish an 
overview of the available evidence for the use of iontophore-
sis in the treatment of musculoskeletal disorders. Further-
more, this study aimed to provide more conclusive results on 
the effectiveness of iontophoresis in pain reduction, analys-
ing the studies with comparable outcome in a meta-analysis. 

METHODS  

Search Strategies and Data Sources 

 The PRISMA statement for reporting systematic reviews 
and meta-analyses of studies that evaluate health care 
interventions was followed for this review [6]. An electronic 
search of the following databases up until February 2011 was 
conducted: MEDLINE (PubMed), Pedro, and the Cochrane 
Database of Systematic Reviews. The reference list of the 
retrieved articles was manually searched for relevant literature. 

Study Selection and Research Question 

 To establish the research question the recommendations 
from the PICO-model were used (Population: patients with 
musculoskeletal problems; Intervention: iontophoresis; 
Comparator: sham iontophoresis or alternative therapy; Out-
comes: pain reduction and functional improvement). Hence, 
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this paper reviews the evidences related to the use of ionto-
phoresis in patient with musculoskeletal problems.  

 The following keywords were used for formulating the 
search strategy for this review: iontophoresis, physical ther-
apy modalities, musculoskeletal disorders and pain. 

 Two independent reviewers (RC, JT) screened the titles 
and abstracts for eligibility. Randomized controlled trials 
(RCT) and clinical trials were included as sources of primary 
research data while systematic reviews, meta-analyses, and 
pilot studies were accepted as they can provide valuable in-
sights. To narrow the extensive search for findings down to a 
core of relevant literature of the last twenty years for the 
research questions of this study, a number of exclusion crite-
ria were established: retrospective studies, case studies, no 
study design, no full text available, full text articles not written 
in English, German or Dutch, studies published before 1992, 
exercise therapy, animal studies, experimental in vitro studies.  

Data Extraction and Quality Assessment 

 The methodological quality of the studies was assed us-
ing the Pedro rating scale. For studies retrieved from the 
Pedro data base the mentioned Pedro scores were accepted. 
Studies obtained from other data bases were scored by two 
researchers (RC, JT) independently. The Pedro rating tool 
comprised eleven items from which one is not rated. Each 
item was scored with “+” if the criteria were fulfilled, with 
“–“ if the criteria were not fulfilled or if the provided infor-
mation was unclear. In addition the quality of all studies was 
assed using the Oxford Centre for Evidence-based Medicine 
Levels of Evidence. In case of disagreement a third re-
searcher (PC) rated the questionable study and agreement 
was sought by consensus.  

 General characteristics of the studies were extracted by 
two researchers independently (RC, JT): design and sample, 
pathology, type of intervention, outcome measures (e.g. pain, 
functional improvement), conclusion of the studies and sta-
tistical significance. 

Data Synthesis 

 In the retrieved articles the outcomes of interest (pain, 
functional improvement) were assed using a variety of scal-
ing tools and the results were presented as means and stan-
dard deviations or as medians and ranges. The observed lack 
of methodological homogeneity made a pooling of the func-
tional improvement data questionable. Therefore, the authors 
decided only to perform a meta-analysis on pain.  

Meta-Analysis  

 Data were pooled from those studies in which the effect 
of iontophoresis treatment on pain was compared with a con-
trol or sham (placebo) intervention. Out of the 24 studies 
retrieved for the systematic review, the authors selected ten 
studies that were comparable, based on a statistical outcome 
for pain allowing an effect size calculation and meta-
analysis. Furthermore 2 subgroup analyses were made com-
paring the outcome of pain after iontophoretic treatment ver-
sus control or sham intervention in the treatment of tendi-
nopathy and rheumatic diseases respectively. Based on the 
observed methodological heterogeneity between the studies, 

the authors decided a priori the use of a random effects 
model. The effect sizes were expressed as Hedges’s g to cor-
rect for potential overestimation of effects in small studies. 
The Comprehensive Meta-Analysis 2 software (CMA – Ver-
sion 2 Professional, Biostat Inc., Englewood, USA) was used 
for the calculations of the overall estimates and the 95% con-
fidence intervals as well as for the preparations of the differ-
ent forest and funnel plots.  

RESULTS  

Study Characteristics 

 The literature search revealed a total of 371 possibly eli-
gible studies. After reading title and abstract the search was 
reduced to 284 studies. As presented in (Fig. 1), most of the 
papers had to be excluded (n = 253) because they did not 
refer to the afore-mentioned search and exclusion criteria. 
Five studies were added after reading the reference lists. 
From the resulting 36 relevant studies, 24 were experimental 
in vivo studies while 12 were review studies. The latter were 
used within the discussion section only.  

Study Quality and Characteristics of Population 

 The quality spectrum of the study designs ranged from 
Pedro-score 3 to 10. Studies with Pedro-score 7/10 were 
rated as “high”, those with a Pedro-score 5/10 or 6/10 were 
rated as “moderate” and those with Pedro-score 4/10 or < 
4/10 as low quality studies. The mean Pedro-score for the 
studies reporting positive effects of iontophoresis treatment 
was 6.75 ± 2.12 SD while studies with negative treatment 
outcome had a Pedro-score of 6.45 ± 2.16 SD, indicating a 
moderate quality of research in this topic area. Studies re-
porting positive effects of iontophoresis treatment tend to 
have a lower level of evidence as 50% was rated as level 1b, 
17% as 2b, 8% as 2c, 8% as 3b and 17 % as level 4 studies 
versus 55 % level 1b and 45 % level 2b from the studies with 
a negative outcome. A high degree of heterogeneity within 
the application of iontophoresis therapy was observed. The 
major characteristics of the 24 selected experimental studies 
are presented in annex 1 (Synopsis of studies on iontophore-
sis). Studies were conducted in USA (n = 4), Turkey  
(n = 4), Canada (n = 3), Germany (n = 2), Nigeria (n = 2), 
Sweden (n = 2), the Netherlands (n = 2), Australia (n = 1), 
Hong Kong (n = 1), Italy (n = 1), Poland (n = 1), United 
Kingdom (n = 1). 

Study Characteristics  

The Treatment Protocols  

 In iontophoresis the electrode surface ranges from 7 to 44 
cm

2
 [7,8] and the current varies from 4 to 11 mA applied 

during 10 up to 20 minutes [3,9-11]. The electrodes can be 
placed on both sides [8] or the active electrode can be placed 
above the treated area with the return electrode placed at the 
opposite site [7,11].  

Used Drugs for Iontophoretic Delivery 

 The iontophoretic deliveries of corticosteroids and 
NSAIDs are commonly used as a treatment in patients with 
musculoskeletal inflammatory disorders. 
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 The following applications have been reported: acetic 
acid (4 studies), sodium diclofenac (3 studies), sodium sali-
cylate (2 studies), ketorolac, benzydamine, ketamine, lido-
caine and naproxen (1 study each), dexamethasone (11 stud-
ies), hydrocortisone (2 studies) (overview of the drugs used 
for iontophoresis annex 2).  

Treated Disorders 

 Iontophoretic delivery of medications is reported on the 
following disorders: carpal tunnel syndrome and epicondy-
litis (4 studies each), tendinopathy, plantar fasciitis, calcify-
ing disorders (3 studies each), osteoarthritis knee, pain (2 
studies each), temporomandibular joint disorders, adhesive 
capsulitis, rheumatic disease (1 study each). 

The role of Iontophoresis in Modulating Pain  

 A number of studies concerning the treatment of various 

orthopaedic, musculoskeletal and neurological disorders 

compared the effectiveness of iontophoresis in modulating 

pain to different other physical therapy modalities (such as 

transcutaneous electrical nerve stimulation TENS). In a pro-

spective study Bremerich and Wiegel [12] evaluated the 

combined use of TENS and iontophoresis with benzydamine 

(anode) and diclofenac (cathode) in the treatment of neural-

giform facial pain. The evaluation of average pain intensity 

showed better results (81%) for the combined application of 
iontophoresis and TENS compared to (63%) TENS alone.  

 

 

 

Fig. (1). Flowchart of the literature review process. 
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 Controversial results were found in the randomized pla-
cebo controlled study of Vranken et al. [13], testing the effi-
cacy of 50 and 75 mg S(+)-ketamine iontophoresis against 
placebo (isotonic saline) iontophoresis, in patients with in-
tractable neuropathic pain. The patches were attached on the 
most painful area and medication was delivered during 24 
hours at a current of approximately 0.05 – 0.16 mA. The 
primary parameter was pain intensity, evaluated using a vis-
ual analogue scale at the beginning of the treatment, at day 5 
and at day 7. Secondly, health status and quality of life 
(QoL) questionnaires were completed before starting the 
treatment and one week after. The outcome of the study was, 
that iontophoretic delivery of S(

+
)-ketamine was no more 

effective than placebo treatment, in reducing pain scores in 
patients with severe central neuropathic pain. However, ion-
tophoretic administration of 75 mg S(

+
)-ketamine improved 

the health status and QoL in these patients. 

The Effect of Iontophoresis on Pain 

 In the selected trials (n = 10) for the meta-analysis the 
number of subjects totalled 451 (n = 239 iontophoresis / n = 
212 controls). 

 The overall summary estimate of the pooled post treat-
ment values for pain was -0.672 [95%CI: -0.970 to -0.375] 
favouring iontophoresis treatment (p < 0.0001). The ob-
served trend between studies heterogeneity for the post 
treatment pain values was low to moderate (I

2
 = 39.9%; p = 

0.092).  

 (Fig. 3) depicts the funnel plot to assess publication bias. 
Using the trimm and fill iterrative method, no missing stud-
ies were imputed. Therefore, no change of the overall esti-
mate was observed (black diamond). The fail `n safe model 
analysis showed that 88 negative studies would be needed 
before alpha increases above the 5% level.  

Treatment of Carpal Tunnel Syndrome 

 Concerning the conservative treatment of carpal tunnel 
syndrome (CTS) with iontophoresis, four studies were de-
tected. Banta [14], conducted a non-randomized study on the 
effectivity of wrist splinting, anti-inflammatory medication 

and iontophoresis with dexamethasone sodium phosphate in 
patients with early-mild carpal tunnel syndrome. After a six 
month follow-up, four out of 23 cases (17%) were success-
fully treated with splints and the use of anti-inflammatory 
medication alone, 11 out of 19 (58%) successfully with dex-
amethasone iontophoresis and 15 out of 23 (65%) with ster-
oid injections in the carpal region.  

 Dakowicz and Latosiewicz [15] performed a controlled 
clinical trial (CCT), to evaluate the effectiveness of a con-
servative treatment of CTS, using hydrocortisone iontopho-
resis in combination with ultrasound therapy, on three groups 
(n = 40) of patients differing in severity of clinical symp-
toms. The study confirmed that physiotherapeutic methods 
are effective in the treatment of non-advanced forms of CTS 
Gr. I (n = 12), Gr. II (n = 24). Patients Gr. III (n = 4) with 
advanced stage of CTS should be referred to operative inter-
vention.  

 In a prospective randomized non-blinded clinical trial on 
48 medial nerves in 30 patients with clinical and electro-
physiological evidence of CTS, Göko lu et al. [16] com-
pared the effectivity of local corticosteroid injection versus 
iontophoresis of corticosteroids, in the treatment of CTS 
evaluated with a functional status scale (FSS), a symptom 
severity scale (SSS) and a visual analog scale (VAS) on pain. 
Short term outcome indicated a relief in both clinical and 
objective measures for both application methods. Although 
significantly better mean SSS and FSS scores were found 
after two and eight weeks, in favor of the injection group, the 
authors concluded that the application of a steroid by ionto-
phoresis as an alternative to injection is a safer method with-
out complications or side effects.  

 Controversial results are reported from the randomized 
double-blind placebo controlled study (n = 17) of Amirjani 
et al. [17], evaluating the effectiveness of a two week inter-
vention with six sessions of dexamethasone iontophoresis to 
treat CTS. On nerve conduction, the Levine Self-Assessment 
Questionnaire (severity of CTS symptoms), and the 
Semmes-Weinstein Monofilaments (determination sensation 
threshold), were done monthly during six months after inter-
vention. The active, (cathode) electrode was placed over the 

 
 

Fig. (2). Forest plot of 10 studies comparing the effect of iontophoresis on pain versus control or placebo intervention. The analysis reports 

post intervention pain values on x-axis as pooled standard deviation (Hedges's g). 



The skin as a barrier in fysiotherapy4. RESULTS

The Effects of Iontophoresis in the Treatment of Musculoskeletal Disorders Drug Delivery Letters, 2012, Vol. 2, No. 3    5 

carpal tunnel and the return electrode was positioned over 
the ventral surface of the upper arm. A Dupel Ionto Unit 
(Empi Canada) was used to deliver a total dose of 80 
mA/min continuous direct current at a rate of 2 mA/min. The 
only significantly improved outcome measure was the sub-
jective symptom severity based on the Levine Self-
Assessment questionnaire (p < 0.05). 

Treatment of Tendinopathy 

 Iontophoresis has been reported on the following tendi-
nopathies: tendonitis, epicondylitis (lateral and medial), 

plantar fasciitis, calcifying tendonitis, and acute Achilles 

tendon pain. Hendricks et al. [18] conducted a RCT to ex-
plore the short-term effects of anti-inflammatory drug ad-

ministration by dexamethasone sodium phosphate (DSP) 

iontophoresis, compared to placebo iontophoresis in patients 
with different forms of “primary” tendonitis. The patients (n 

= 22) became three treatments a week, during four weeks. 

“Activity of daily living”, pain using the visual analoge scale 
(VAS) and a clinical assessment of local tenderness by pres-

sure and by stretch and resistance were evaluated. The 

authors concluded that the treatment with (DSP) was supe-
rior (p < 0.05) to placebo iontophoresis in all outcome vari-

ables. 

 Desmirtas et al. [8] conducted a RCT on the effective-
ness of iontophoresis with salicylate versus diclofenac ionto-

phoresis in the treatment of epicondylitis. Patients (n = 40) 

were randomly assigned to group I, receiving iontophoresis 

with sodium diclofenac and infrared radiation or group II 

receiving iontophoresis with sodium salicylate and infrared 

radiation. Electrodes (4.5 x 8 cm) were transversally applied 
and the cathode was used as active electrode. Application 

duration was 20 minutes and treatment frequency was once a 

day, five days a week, up to 18 days, using intensities be-
tween 6 and 11 mA. Before and 7 days after treatment, pain 

by pressure at resisting wrist extension, during function and 

at rest was evaluated. A significant reduction in pain scores 
(p < 0.05) was found in both groups. When pain scores after 

treatment were compared for both groups, a stronger signifi-

cant decrease (p < 0.05) was observed in pain produced on 
resisting wrist extension and by pressure on the lateral epi-

condyle in the group treated with sodium diclofenac ionto-

phoresis. 

 Controversial results were reported on the treatment of 

lateral epicondylalgia with dexamethasone iontophoresis. 
Runeson and Haker [11] evaluated in a RCT the short- and 

long-term pain-relieving effect of corticosteroid iontophore-

sis versus placebo iontophoresis in patients with lateral epi-
condylalgia. No significant difference in pain-relief could be 

observed between the corticosteroid group (n = 33) and the 

placebo group (n = 31).  

 Treating lateral epicondylitis, Ba kurt et al. [19] com-

pared the effect of phonophoresis and iontophoresis with 

naproxen, sixty-one patients were randomly divided into a 
group treated with naproxen phonophoresis (1 mHz, 1 

W/cm2
) and a group treated with iontophoresis (anode, 0.08-

 
 

Fig. (3).  Funnel plot of the included iontophoretic studies symmetrical distributed on both sides of the vertical (overall estimate) indicating 

the absence of publication bias. 
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0.004 mA/cm
2
). Both groups were additionally treated with a 

standard physiotherapy program consisting of cold pack, 

progressive strengthening and stretching exercises. Pain se-
verity (VAS), grip strength (Nirschl-Petterone Grading Sys-

tem) and functional status were evaluated before and after 

treatment. Grip strength and pain severity decreased in both 
groups after treatment, but there were no significant differ-

ences between the groups before and after treatment  

(p < 0.05).  

 Accordingly, Neeter et al. [20] conducted a double-blind 
randomized study to evaluate the effects of iontophoresis 
with dexamethasone versus placebo iontophoresis on pa-
tients (n = 25) with acute (less than 3 months) Achilles ten-
don pain. Several significant improvements were seen in the 
range of motion test, pain during and after physical activity, 
pain during walking and walking up and down stairs, morn-
ing stiffness and tendon swelling in the experimental group 
(p < 0.05) and not in the control group (p > 0.05). Poor reli-
ability was found for pain on the palpation test. After a  
1-year follow-up period, the authors concluded that the use 
of iontophoresis with dexamethason had positive effects on 
the treatment of patients with acute Achilles tendon pain.  

 In patients (n = 199) with medial and lateral epicondy-
litis, Nirschl et al. [21] performed a double-blinded random-
ized placebo-controlled study on the effectiveness of pain 
control by means of transdermal administration of dex-
amethasone sodium phosphate. Within fifteen days six ion-
tophoresis treatments were applied at 1 to 3 day intervals. 
This short time intervention presented a significant pain re-
duction (p < 0.05).  

 In another RCT, Taskaynatan et al. [22] compared the 
effects of steroid iontophoresis (SI) and electrotherapy (ET) 
on bicipital tendonitis. Patients (n = 47) were randomly di-
vided into two experimental groups. One group received SI 
(0.5% hydrocortisone acetate under the cathode, stimulated 
with 3-4 mA galvanic current). The second group was 
treated with ET (interferential current, 0-100 Hz, for 15 
min.). Patients were evaluated pre-, post-, and one month 
after treatment with a numeric scale for pain at rest, pain 
during normal activities and under strenuous activities, for 
range of motion with goniometry and with the Constant’s 
Shoulder Scale, with a numeric scale for patient satisfaction 
and disability by using the function section of the Pennsyl-
vania Shoulder Scale. All of the assessments significantly 
improved in the SI group directly and one month after the 
treatment. The ET group experienced less immediate im-
provement and the durability of the benefit was less than 
with SI. The authors suggested that additional to conven-
tional physical therapy, application of SI provides a better 
and more prolonged clinical and functional improvement in 
patients with biceps tendonitis.  

Treatment of Plantar Fasciitis 

 Three controlled studies on the treatment of plantar fasci-
itis with iontophoresis were identified. Gudeman et al. [2] 
performed a randomized double-blind placebo-controlled 
study to determine whether iontophoresis of dexamethasone 
in conjunction with other traditional therapy modalities (n = 
20) was more effective in reducing pain than traditional mo-
dalities alone (n = 20). Although the use of iontophoresis 

with dexamethasone was recommended for patients who 
need an immediate pain reduction, the end result of function 
was the same with or without iontophoresis (p = 0.434). 
Hammer et al. [23] evaluated patients with chronically pain-
ful proximal plantar fasciitis, (n = 47, 49 feet) randomly al-
located to a group 1, treated with three sessions of extracor-
poreal shock wave therapy (ESWT) at weekly intervals 
against a group 2, treated with diclofenac iontophoresis and 
an oral NSAID for 12 weeks. After this period they were 
treated using the protocol of group 1. After 12 weeks of ion-
tophoresis treatment the authors concluded, without giving 
an exact  level that no significant differences for pain (VAS 
scale for activities of daily living) and comfortable walking 
time were found in group 2. At 12 weeks after ESWT, a sig-
nificant reduction (p < 0.01) of pain estimation and increased 
comfortable walking time was seen for both groups. Osborne 
and Allison [24] performed a randomized double blind pla-
cebo controlled clinical trial on the treatment of plantar fasci-
itis with dexamethasone iontophoresis, in combination with 
taping and exercise therapy. During two weeks the patients 
(n = 31) received six treatments of iontophoresis to the site 
of maximum tenderness on the plantar side of the foot. The 
experimental group (n = 11) received 0.4% dexamethasone, 
whilst the placebo group (n = 10) was treated with 0.9% 
NaCl or 5% acetic acid (n = 10). Stiffness and pain were 
recorded at the initial session, the end of six treatments, and 
after four weeks follow-up. It was concluded that six treat-
ments of acetic acid iontophoresis, combined with taping 
was the preferred treatment option compared to taping com-
bined with dexamethasone or saline iontophoresis.  

Treatment of Calcifying Disorders 

 Three studies were found concerning the treatment of 
calcifying disorders by means of acetic acid application. In a 
RCT, Perron and Malouin [25] combined iontophoresis with 
acetic acid and ultrasound in the treatment of calcifying tend-
initis of the shoulder. They reported a reduction in the size (p 
= 0.01) and density (p = 0.03) of the calcium deposit but did 
not detect a difference between the experimental (n = 11) 
group and the control (n = 10) group (p = 0.05). A random-
ized controlled trial by Leduc et al. [3] compared the treat-
ment of calcifying tendinitis of the shoulder by 5% acetic 
acid iontophoresis with physiotherapy without iontophoresis. 
Pain, shoulder range of motion (ROM), size and density of 
the tendineous calcifications were assessed before and after 
the end of the 10 treatment sessions but did not reveal differ-
ences between the treatments.  

 Shetty et al. [26] conducted a pilot study (non-RCT) to 
investigate whether iontophoresis of acetic acid, followed by 
ultrasound therapy, was a safe and effective treatment for 
systemic sclerosis-related calcinosis. Patients (n = 3) re-
ceived iontophoresis (100 A) with 5% acetic acid and 8 
minutes pulsed ultrasound therapy (1.5 W/cm

2
) at a 50% 

duty cycle. After nine therapy sessions none of the patients 
experienced significant adverse effects but there was no 
clinically apparent treatment benefit. 

Subgroup Analysis 

 A total of 5 studies were selected for a subgroup analysis, 
comparing the outcome of pain after iontophoretic treatment 
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versus control or sham (placebo) intervention in the treat-
ment of tendinopathy. The overall summary estimate of the 
pooled standard deviation for post treatment values on pain 
was -0.578 [95%CI: -0.930 to -0.226] favouring iontophore-
sis (p = 0.001). 

Treatment of Degenerative Joint Disease 

 Three studies on the treatment of degenerative joint dis-

ease were included. Schiffman et al. [10] evaluated in a dou-

ble blind RCT the short-time effects of iontophoretic deliv-

ery of dexamethasone on mandibular range of motion and 

subjective pain in temporomandibular disorders, in 27 pa-

tients who had concurrent temporomandibular joint disc dis-

placement without reduction and capsulitis. In a first group, 

patients (n = 9) received dexamethasone sodium phosphate 

and lidocaine hydrochloride iontophoresis, the second group 

(n = 9) received only lidocaine and the third group (n = 9) 

was treated with buffered saline. Treatment was adminis-

tered every other day for a total of three treatments. Patients 

treated with dexamethasone and lidocaine showed a signifi-

cant increase in mandibular opening (6 mm) and lateral ex-

cursion (1.2 mm) and a decrease in mandibular dysfunction 

compared to patients of the other two groups. No significant 
decrease in pain symptoms was reported. 

 (Gr. I p = 0.09, Gr. II p = 0.07, Gr. III p = 0.8). 

Aiyejusunle et al. [27] randomly compared the effects of 

transcutaneous electrical nerve stimulation (TENS) and so-

dium salicylate iontophoresis, on functional disability and 

pain in 20 patients with osteoarthritis of the knee. After 6 

weeks of treatment the subjects were assessed using the VAS 

scale of pain and the Disability Index Questionnaire for pa-

tient with osteoarthritis of the knee. Although a significant 

reduction of pain (p = 0.01) and functional disability (p = 

0.06) was found in both groups, patients treated with sodium 

salicylate had a significant higher reduction of pain (p < 

0.01) and functional disability (p < 0.06) compared to the 

patients treated with TENS only. Akinbo et al. [28] evalu-

ated phonophoresis and iontophoresis using dexamethasone 

sodium phosphate, in 50 randomly assigned patients with 

knee osteoarthritis on the Western Ontario and McMaster 

University Osteoarthritis Index (WOMAC), 20 meter ambu-

latory time and ROM. Patients received ten therapy sessions 

within two weeks. After two weeks, all outcome measures 

improved significantly in both groups with no significant 
between group differences.  

Treatment of Rheumatic Disease 

 Two studies were detected concerning the use of ionto-

phoresis in rheumatic disease. Li et al. [29] randomly as-

signed ten subjects with rheumatoid arthritis in a dexametha-

sone iontophoresis experimental group and a placebo (sterile 

water) group. Pain at rest, on movement and on pressure, 

active joint count, and ROM were evaluated. Statistical dif-

ferences in favor of dexamethasone iontophoresis were 

found for pain during movement and pain at rest. These re-

sults are in line with the study of Saggini et al. [7] who as-

sessed double-blinded, the efficacy of ketorolac iontophore-

sis compared with placebo iontophoresis (saline) in 60 pa-

tients with pain from rheumatic disease (epicondylitis (12), 

scapulohumeral periarthritis (30), gonalgia (10) and metatar-

salgia (8). Before and after five treatment sessions and seven 

days after the treatment, the degree of pain and judgement of 

efficacy were evaluated on categoric scales by patient and 

physician. Immediately after treatment, the pain scores were 

similarly reduced in both the placebo and experimental 

group. Seven days after the treatment, a further decrease in 

pain was observed in the group treated with ketorolac but 

 not in the placebo group resulting in a significant group dif-
ference.  

 Fig. (5) depicts the forest plot of a subgroup analysis, 

comparing the effect of iontophoretic treatment on pain in 

rheumatic disease versus control or (sham) placebo treatment 

of the above mentioned studies. The summary estimate was -

0.644 [95%CI: -1.115 to -0.173] favouring iontophoresis  
(p = 0.007). 

DISCUSSION 

 This review aimed at evidences related to the clinical 
effectiveness of iontophoresis. There are an ample number of 

  
 

Fig. (4). Forest plot of 5 studies comparing the effect of iontophoretic treatment on pain versus control or sham (placebo) intervention in the 

treatment of tendinopathy. The analysis reports Hedges’s g transformed post intervention pain values on x-axis. 
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studies concerned. The most frequently used drugs in ionto-
phoresis are corticosteroids and NSAIDs. 

 Skin irritation provoked by either acidic or basic reac-

tions build up at the respective electrodes, are best avoided 

by keeping current intensity low (<0.5 mA/cm
2
). The litera-

ture presents a lack of consensus on the used application 

time and treatment intensities. Gudeman et al. [2] adminis-

tered 0.4% dexamethasone sodium phosphate using the Pho-

resor II iontophoretic drug delivery system with a dosage of 
40 mA over 20 minutes.  

 In the study of Vranken et al. [13] a self powered dispos-

able patch (Active Area: 15.5 cm
2
, dosage 80 mA-min) de-

livered medication (ketamine) during 24 hours. Conse-

quently, it is impossible to discriminate between the different 
factors influencing the percutaneous uptake. 

 Controversial results are reported for the use of dex-

amethasone iontophoresis in the treatment of tendinopathy. 

The studies from Hendricks et al. [18] and Neeter et al. [20] 

compared the use of dexamethasone iontophoresis with the 

treatment of placebo iontophoresis in patients with acute 

tendinopathy and concluded that the use of dexamethasone 

iontophoresis was superior to placebo treatment. These re-

sults should be interpreted carefully, as the use of an inactive 

placebo substance, is not a valid method to prove the effec-

tiveness of dexamethasone iontophoresis. During iontopho-

resis the treated skin area is covered with a water humidified 

electrode provoking an occlusion. It is known that occlusion 

of the skin causes a more hydrated skin and improves the 

percutaneous absorption. The claimed effect of pain relieve 

can also be provoked by the increased percutaneous absorp-

tion (passive diffusion) of dexamethasone and is therefore no 
proof for the potency of current.  

 A recent systematic review [30] concerning treatment 

options for tendinopathy (k=177) reported about conflicting 

results. It was concluded that there is little evidence to sup-

port the use of most physical modalities including the use of 
iontophoresis with corticosteroid or NSAIDs.  

 Controversial results are reported on the effectuality of 

dexamethasone iontophoresis in the treatment of epicondy-

lalgia. The Pedro-scores of the studies reporting positive 

effects range between 3 and 7, while studies who found no 

effect of iontophoresis on the reduction of pain, had a Pedro-
score between 3 and 6.  

 Desmirtas et al. [8] compared the effectiveness of ionto-
phoresis with two different medical compounds, salicylate 
versus diclofenac in the treatment of lateral epicondylitis. 
Without the comparison of a control group testing the effect 
of passive diffusion and occlusion, it is impossible to draw 
conclusions on the transdermal enhancement effect of  
current and the potency of iontophoresis as a treatment on 
itself. 

 The review study from Andres and Murrell [30] already 
concluded that high powered studies to determine effective 
treatment strategies on the treatment of tendinopathies are 
needed. 

 Reviewing the treatment of lateral epicondylitis, Johnson 
et al. [31] reported ample evidence that iontophoresis with 
NSAIDs may be effective in reducing pain and that there is 
insufficient evidence supporting the use of corticosteroid 
iontophoresis. Also the systematic review (k = 28) of Bisset 
et al. [32] concerning the effectiveness of physical interven-
tions for lateral epicondyalgia, reported about contradictions 
in results and heterogeneity of the interventions making it 
difficult to draw conclusion. 

 No consensus on the potency of iontophoresis with acetic 
acid in treatment of calcifying disorders was found. Leduc et 
al. [3] found no clinical or radiological differences between 
physiotherapy treatment with and without acetic acid ionto-
phoresis in the treatment of calcifying tendinitis of the 
shoulder. Studies claiming to have a positive effect on size 
and density of the calcification [25,26] combined the use of 
iontophoresis with ultrasound therapy or other therapy mo-
dalities.  

 A number of studies used multiple treatments or evalu-
ated the effects of iontophoresis on multiple diagnoses 
[7,12,15,18,19,22,24], making it impossible to make an in-
terpretation on the outcome of iontophoresis as a treatment 
on its own. 

 Osborn and Allison, [24] evaluated if iontophoresis of 
acetic acid and dexamethasone combined with low-Dye  
taping was effective in reducing the symptoms of plantar 
fasciitis.  

 
 

Fig. (5). Forest plot of 2 studies comparing the effect of iontophoretic treatment on pain versus control or (sham) placebo intervention in the 

treatment of rheumatic disease. The analysis reports Hedges’s g transformed post intervention pain values on x-axis. 
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 The efficacy of iontophoresis in this study remains un-
clear, as low-Dye taping itself is reported to be effective for 
the short-term treatment of the common symptom of 'first-
step' pain in patients with plantar heel pain [33].  

 In the treatment of pain, there is evidence for the ionto-
phoretic administration of corticosteroids and NSAID’s 
providing an alternative to injection and oral therapy 
[14,16,34]. The non invasive and safe method, the low in-
cidence of side effects as well as the well tolerated therapy 
are the advantages of current assisted transdermal delivery 
[7,13].  

 The outcome of the ten trials selected for the present 
meta-analyses on the effect of iontophoresis on pain com-
pared to control or (sham) placebo treatment, revealed a 
larger effect size in favour of the iontophoretic treatment. 
Nevertheless pain reduction after iontophoretic treatment 
compared to placebo iontophoresis or iontophoresis with 
different substances without a study arm testing passive dif-
fusion should be interpreted carefully. 

 Analgesic therapy effects can falsely be attributed to 
assisted penetration with an active substance whereas in 
fact it is the result of the electric current or ultrasound itself 
or the passive diffusion of the active substance. An analge-
sic effect of the current was revealed by Saggini et al. [7] 
who found an immediate analgesic activity of placebo  
iontophoresis. 

 There is insufficient evidence that iontophoresis with 
corticosteroids is effective in the treatment of muscu-
loskeletal disorders [17,30,35,36]. Furthermore, most of the 
in vivo studies have methodological weaknesses (PEDRo-
scale ranging between 3 and 10). Studies reporting positive 
effects from iontophoresis treatment often involved small 
sample sizes, using iontophoresis in combination with other 
treatment modalities [14,15,18,22,24,27]. Actually, the 
support for the use of iontophoresis is the weakest in well 
designed studies, using iontophoresis as a single treatment 
[3,11,13].  

 The BlueCross BlueShield Association Technology 
Evaluation Center (TEC) assessment of iontophoresis for 
medical indications (BCBSA, 2003), concluded that ionto-
phoretic administration of NSAIDs, or corticosteroids for 
musculoskeletal inflammatory disorders not consistently 
found better outcomes from corticosteroids delivered by ion-
tophoresis compared to placebo iontophoresis. They found 
no randomized controlled clinical studies comparing the ion-
tophoretic delivery of NSAIDs and corticosteroids by other 
ways of transdermal delivery. To explore the validity of ion-
tophoresis, it should be questioned whether the effects of 
iontophoresis exceed placebo effects and how iontophoretic 
drug delivery compares with alternative drug administration 
(e.g., topical, oral, injection) [37]. 

 Jewell et al. [38], examined the short-term improvement 
in patients with adhesive capsulitis of the shoulder by 
physical therapy interventions. Data from 2.370 patients 
who received outpatient physical therapy were evaluated.  
A logistic regression model was used to indentify interven-
tion categories that predicted a 50% or greater change  
 
 

in Physical Component Summary-12 (PCS-12) evaluating 
physical function, bodily pain, and hybrid function scores. 
The results of this study demonstrated the effectiveness of 
joint mobilisation and exercise therapy, while the use of 
iontophoresis could not be supported. The use of iontopho-
resis, sonophoresis, massage or ultrasound reduced the like-
lihood of improvement by 19% to 32%.  

 Murphy, [39] evaluated in his review study the use of 
different physical therapy modalities in the management of 
temporomandibular disorders (TMD): trigger point injec-
tions, high voltage electrogalvanic stimulation, TENS, ion-
tophoresis, ultrasound and manipulative therapy. Murphy 
(1999) concluded that the use of iontophoresis to deliver 
local anesthetics agents was valuable to maintain medica-
ment concentrations in the temporomandibular joint in the 
treatment of TMD. 

CONCLUSION 

 The calculated summary estimate for the 10 studies in 
the present meta-analysis showed a significant effect of 
iontophoresis compared to sham (placebo) iontophoresis. 

 The use of iontophoresis, to enhance topical drug deliv-
ery through the skin, provides advantages of improved effi-
cacy with reduced side effects compared to oral or par-
enteral administration [7,13,14,16,34].  

 However, the number of studies describing the effect of 
iontophoresis in realistic (physiotherapeutic) conditions is 
rather limited. A number of studies used multiple treat-
ments, and as a consequence it is impossible to discrimi-
nate between the different factors influencing the percuta-
neous uptake. It can be stated that in most human in vivo 
studies, the basic principles of percutaneous penetration are 
not always taken into account. The effectiveness of ionto-
phoretic delivery of an active substance is usually com-
pared with placebo iontophoresis without an active sub-
stance. Since passive penetration can be substantial during 
delivery it is important to control this. Most studies on the 
effectiveness of iontophoresis did not use objective out-
come measures or control groups. Another limitation of this 
systematic review may have been the use of summary 
scores (such as the Pedro rating scale) to identify trials of 
high quality [40]. The authors are well aware that the use of 
a more research-specific item based tool (such as GRADE) 
[41] including relevant methodological aspects a priori to 
assess the quality of the studies may have influenced the 
overall effect estimate. To date most physiotherapy-related 
reviews, however, are based on the Pedro rating scale for 
quality assessment of the included studies. To avoid inclu-
sion bias, the authors of the present review and meta-
analysis additionally assessed the quality of the studies 
using the Oxford Centre for Evidence-based Medicine Lev-
els of Evidence but the lack of well-performed and ade-
quately sized trials cannot be remedied by meta-analyses of 
small trials of questionable quality. Therefore, future re-
search in this context should emphasize on standardisation 
of the treatment methods, the outcome measures and the 
inclusion of several controls. 
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Annex 1. Synopsis of Studies on Iontophoresis 

Study / 

Country

Study 

Design

Publication 

Year

Disorders     

of Interest

Sample 

Size  (n)

Experimental    

vs. Control
Outcome Measures Main Results

Pedro 

score

Level of 

Evidence

Hendricks  

et al.               

NED
RCT 1992 tendonitis

n = 22        

n = 14 

exp.        

n = 8 
contr.

dexamethasone 

iontophoresis 

vs. Placebo 
treatment

VAS - score , ADL-
scale

sign. % reduction of 

median VAS-score after 

2 weeks : exp. VAS -69 

% (-41- -89) / contr. 

VAS -4% (-10 - 1) (p < 

0.05)

 10/10 1b

Demirtas 

and Oner      

TUR

RCT 1998 epicondylitis

n = 40        

n = 20 

exp.           

n = 20 
exp.

sodium di-

clofenac ionto-

phoresis vs. 

sodium salicy-

late iontopho-

resis

pain; by pressure,  by 

resisting wrist exten-

sion,  during function 
and at rest

reduction in pain by 

resisting wrist extension 

(p < 0.01) and pain by 

presure on lat. epicon-

dyle (p < 0.05) was 

statistically more sig-

nificant in the group 
treatet with diclofenac

3/10 2b

Neeter  

et al.               
SWE

RCT 2003
Achilles ten-

don pain

n = 25        

n = 14 

exp.        

n = 11 
contr.

dexamethasone 

iontophoresis 

vs. with pla-

cebo iontopho-
resis 

Toe -raise test, Range 

of motion test, Pain 

After 6 weeks, exp. 

group hat significant 

reduction (p < 0.05) of 

pain during activity and 
during walking

8/10 1b

Runeson         

and Haker       
SWE

double 

blinded 

prosp. 

random. 
Study

2002 epicondylalgia

n = 64        

n = 33 

exp.          

n = 31 
contr.

dexamethasone 

iontophoresis 

vs.  placebo 

(saline) ionto-
phoresis 

Pain; by palpation, 

by resisted wrist 

extension, by dig. III 

test, by vigorimeter 

test, threshold when 

gripping (KPa), 

threshold when grip-
ping (VAS)

No sign. differences (p < 

0.05) between both 

treatment groups, both 

groups improved 

through out the study. 

Posttreatment median 

values pain threshold 

when gripping higher for 

placebo group (VAS)  

Exp. 9 vs. contr. 9  
(p = 0.04)

6/10 2b

Nirschl  

et al.             
USA

RCT 2003 epicondylitis

n = 199      

n = 99 

exp.         

n = 100 

contr.

dexamethasone 

iontophoresis 

vs.  placebo 

(saline) ionto-

phoresis 

Efficacy based on 

comparison of base-

line and 2-day fol-

low-up after treat-

ment: patient pain 

evaluation (VAS) 

Investigator's pain 

evaluation (VAS)

Patient's* and investiga-

tor's pain evaluation, 

VAS Mean improve-

ment (in mm) Exp. 23* 

vs. Contr. 14* (p = 

0.012), Exp. 27 vs. 
Contr. 19 (p = 0.019)

7/10 1b

Ba kurt  

et al.            
TUR

RCT 2003 epicondylitis

n = 61        

n = 32 

ionto.      

n = 29 
phono.

Naproxen 

phonophoresis 

vs. Naproxen 

iontophoresis

VAS- score, Grip- 

strenght, functional 

status (Nirschl-

Petterone Score)

Sign. decrease in VAS-

score and sign. increased 

grip strenght and 

Nirschl- Petterone Grad-

ing in both groups after 

treatment, but no sign. 

differences between 

groups before  or after 
treatment (p > 0.05)

3/10 2b

Taskaynatan 

et al.               
TUR

RCT 2007
Bicipital 

tendonitis

n = 47        

n = 26 

exp.          

n = 21 

contr.

hydrocortisone 

acetate ionto-

phoresis vs. 

Interferential 

current

Pain, function, ROM 

and strenght Con-

stant's Shoulder Scale 

(CSS), patient's re-

port of pain, function 

and satisfaction 

Pennsylvania Shoul-

der Scale (PSS)

Pennsylvania total pain 

before treatment / final 

assessement, ionto.* / 

curr. (mean ± SD):  

13.2* ± 4.2 / 17.3* ± 1 

(p = 0.009) / curr. 13.2 ± 

4.1 / 14.6 ± 2.6  

(p = 0.027)

7/10 1b
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Study / 

Country

Study 

Design

Publication 

Year

Disorders     

of Interest

Sample 

Size  (n)

Experimental    

vs. Control
Outcome Measures Main Results

Pedro 

score

Level of 

Evidence

Perron and 

Malouin          

CAN

RCT 1997
calcifying 

tendinitis

n = 22        

n = 11 

exp.        

n = 10 

contr.

acetic acid 

iontophoresis 

and ultrasound 

vs. no treat-

ment

radiological evalua-

tions, ROM, Pain 

(Present Pain Index 

Scale)

The mean percent reduc-

tion over time (post-pre) 

in the area of the cal-

cium deposit was 20% 

(± 29 %) and 36% (±43 

%), respectively, for the 

exp. and contr. group. 

6/10 2b

Leduc  

et al.               

CAN

RCT 2003

calcifying 

tendinitis 

shoulder

n = 27        

n = 17 

exp.         

n = 10 

contr.

acetic acid 

iontophoresis 

vs. sham acetic 

acid iontopho-

resis

Shoulder Pain Dis-

ability index 

(SPADI), ROM 

shoulder and radi-

ologic evaluation of 

shoulder calcifica-

tions

SPADI score, ROM and 

number and size of 

calcifications improved 

sign. in both groups no 

sign. differences be-

tween  the exp. and 

contr. Group. SPADI 

Score before and after 

treatment  exp. Group* / 

contr. Group (mean ± 

SD):  38* ± 19 / 23* ± 

15  / 45 ± 17 / 40 ± 17

7/10 1b

Shetty  

et al.               

GBR

pros. 

pilot 

study

2005 calcinosis

n = 3          

n = 3   

exp.            

n = 0 

contr.

acetic acid 

iontophoresis 

combined with 

ultrasound 

therapy

degree of radi-

ographic calcinosis

The mean (SD) grey-

scale intensity values for 

patients 1, 2, and 3 were 

9.3 (± 0.6), 27.3 (± 0.8) 

and 85.6 (± 2.6) respec-

tively pre-treatment and 

7.6 (± 0.3), 24.9 (±0.8) 

and 78.3 (± 0.4) respec-

tively post-treatment

N/A 4

Gudeman  

et al.               

USA

RCT 1997
plantar fascitis 

symptoms

n = 36        

(40 feet)     

n = 20 

exp.            

n = 20 

contr.

dexamethasone 

iontophoresis 

vs. placebo 

(saline) ionoto-

phoresis  

Maryland Foot Score 

(MFS)

There was a greater, 

immediately improve-

ment in the MFS afer 6 

treatments with dex-

amethasone, (mean ± 

SD) (Exp.  +6.8 ± 5.6 / 

Contr. +3.1 ± 4.1) but no 

difference after the  

1-month follow-up

6/10 1b

Hammer  

et al.               

GER

pros. 

clinical 

study

2003
chronic plan-

tar fascitis

n = 47        

(feet 49)     

n = 24 

exp.        

n = 23 

exp.

extracorporeal 

shock wave 

therapy vs. 

diclofenac 

iontophoresis 

and oral  

NSAID 

Pain VAS, comfort-

able walking time

No sign.  treatment 

between the both treat-

ment modilities. Both 

groups improved on all 

the assessed parameter. 

Pain at rest VAS (mean 

±  SD) before* and after 

treatment ESWT 34.0* 

± 27.1 / 12.0 ± 25.9, 

ionto 43.1* ± 26.9 / 5.0 

± 20.4

5/10 2b

Osborne and 

Allison            

AUS

RCT 2006
plantar fascitis 

symptoms

n = 31        

(42 feet)     

n = 21 

exp.        

n = 10 

contr.

dexametasone 

or acetic acid 

iontophoresis  

vs. Placebo 

iontophoresis 

(NaCl) 

pain (VAS), Stiffness  

(VAS)

Taping combined with 

acetic acid iontophoresis 

is the preferred treat-

ment option compared 

with taping combined 

with dexamethasone or 

saline iontophoresis

8/10 1b

Göko lu  

et al.               

TUR

RCT 2005

mild carpal 

tunnel sym-

ptoms 

n = 30        

(48 ner-

ves)            

n = 15 

exp.          

n = 15 

contr.

local methyl-

prednisolone 

acetate injec-

tion vs. dex-

amethasone 

iontophoresis 

Symptom Serverity 

Scale (SSS), Func-

tional Status Scale 

(FSS), Pain (VAS).

Injection therapy results 

in significantly better 

outcomes; however, the 

application of steroid by 

iontophoresis is a safer 

method and has no com-

plications or side effects

5/10 1b
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Study / 

Country

Study 

Design

Publication 

Year

Disorders     

of Interest

Sample 

Size  (n)

Experimental    

vs. Control
Outcome Measures Main Results

Pedro 

score

Level of 

Evidence

Amirjani  

et al.               

CAN

RCT 2009
carpal tunnel 

symptoms 

n = 17        

n = 9 exp.  

n = 8 

contr.

dexamethasone 

iontophoresis 

vs. destilled 

water iontopho-

resis

Levine Self-

Assesment Question-

naire, nerve conduc-

tion test and the 

Semmes-Weinstein 

Monofilaments test

No sign. differences 

between the two groups: 

subjective severity score 

at baseline (median) 38 in 

exp. and 36 in the placebo 

group, after treatment 26 

in the exp. and 31 in the 

placebo group

10/10 1b

Dakowicz 

and Lato-

siewicz           

POL

CT 2005
carpal tunnel 

symptoms 

n = 40        

Gr.I   

n = 12,  

Gr.II  

n = 24, 

Gr.III  

n = 4

hydrocortisone 

iontophoresis 

combined with 

ultrasound 

therapy

subjective complaints 

before and after 

treatment: pain VAS, 

Phalen test, Tinnel 

Test

Sign. decrease (p < 0.05) 

in VAS-score (mean ± 

SD) before* and after 

treatment in Gr.I (7.4* ± 

0.5 / 1.8 ± 1.9) and Gr.II 

(8.1* ± 1.2 / 1.8 ± 1.5) 

5/10 2b

Banta              

USA

pros. 

CT
1994

carpal tunnel 

syndrome 

n = 18        

(23 

hands)        

n = 11 

hands 

exp.            

n = 4 

hands 

contr.

wrist splinting 

and nonsteriol-

dal anti- in-

flammatory 

medications 

and additional 

dexamethasone 

/ lidocain ion-

tophoresis 

symptoms of early 

mild carpaltunnel 

syndrome 

11 of the 19 hands 

treated with iontophore-

sis had a positive re-

sponse. Iontopheris may 

become an alternative to 

steroid injection to the 

carpal tunnel region

N/A 4

Schiffman  

et al.               

USA

RCT 1996

temporo- 

mandibular 

disorders

n = 27        

n = 9  

exp.           

n = 9 

contr.         

n = 9 

placebo

dexamethasone 

iontophoresis 

and lidocaine 

hydrochloride 

vs. Contr. 

lidocaine hyd-

rochloride vs. 

placebo (saline)

Helkimo's clinical 

Dysfunction index 

(DI), Symptom Se-

verity Index (SSI) 

and Craniomandibu-

lar Index (CMI)

No statistical change (p 

< 0.05) in total SSI from 

pretreatment to post 

treatment (mean post 

treatment values ± SD) 

ionto. 0.47 (0.2) / contr. 

0.40 (0.1) / placebo 0.50 

(0.2).

8/10 1b

Aiyejusunle 

et al.               

NGA

CT 2007
osteoarthritis 

knee

n = 20        

n = 10 

exp.        

n = 10 

contr.

sodium salicy-

late iontopho-

resis vs. TENS

Pain (VAS), func-

tional disability (D.I)

Significant reduction in 

pain and functional 

disability in both groups: 

VAS (mean ± SD) 

TENS group pre/post-

treatment 7.3 ± 0.76 / 

6.0 ± 0.47 (p = 0.01) 

Ionto. group pre/post 

treatment 7.2 ± 0.63 / 

4.0 ±  0.94 (p < 0.01)

N/A 3b

Akinbo  

et al.               

NGA

prosp. 

rando-

mised 

study

2007
osteoarthritis 

knee

n = 50        

n = 25 

exp.        

n = 25 

contr.

Dexamethasone 

phonophoresis 

vs. dexametha-

sone iontopho-

resis.

WOMAC-score, 20 

meter ambulatory 

time and ROM knee 

No sign. differences  

(p < 0.05) between both 

treatment groups; pain 

(likert scale, Mean ± 

SD) ionto / phono 2.4 ± 

1.9 / 2.9 ± 2.3  (p = 

0.350), Stiffness  ionto / 

phono 1.0 ± 1.4 / 1.1 ± 

1.5 (p = 0.215)

5/10 2b

Saggini  

et al.               

ITA

RCT 1996
rheumatic 

pain

n = 60        

n = 30 

exp.        

n = 39 

contr.

ketorolac ion-

tophoretic v.s 

placebo ionto-

phoresis (sa-

line)

pain (VAS), efficacy 

of treatment

No sign. difference in 

pain after treatment 

between the exp. and 

placebo group, (VAS 

mean ± SD) 4.22 ± 2.51 

/  3.88 ± 2.12 (p < 0.05). 

Pain increase the pla-

cebo group (not sign.) 7 

days after end of treat-

ment 4.12 ± 2.45 

6/10 1b
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Study 

Design

Publication 
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of Interest
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Experimental    

vs. Control
Outcome Measures Main Results

Pedro 

score

Level of 

Evidence

Li et al.           

HKG

RCT 

(pilot)
1996

rheumatoid 

arthritic knee

n = 10        

n = 5  

exp.         

n = 5 
contr.

dexamethasone 

iontophoresis 

vs. placebo 

(sodium chlo-

ride) iontopho-
resis

pain on movement, at 

rest, pressure -pain 

threshold, active joint 

count (AROM), 

patient's global as-
sessment (PGA)

Sign. difference over 

time ( day 1 / day 20) 

only for pain on move-

ment within the exp. 

Group,  (VAS mean 

rank) 3.00 / 1.60  

(p = 0.0224)

N/A 4

Vranken  

et al.               
NED

RCT 2005
neuropathic 

pain

n = 33        

n = 22 

exp.          

n =11 
contr.

ketamine ion-

tophoresis 50 

and 75 mg S(+) 

v.s placebo 

iontophoresis 
saline

pain (VAS), Health 

status and quality of 

life (QQL), Pain 

Disability Index 
(PDI)

Iontophoretic admini-

stration of S(+) keta-

mine is not more effec-

tive than placebo treat-

ment in reducing pain. 

However compared to 

placebo, ionotophoretic 

delivery of 75 mg S(+)-

ketamine improved the 

(QQL) sign. (p < 0.025) 

10/10 1b

Bremerich 

and Wiegel     
GER

pros. 

CT
1992 facial pain

n = 46        

n = 46 

exp.        

n = 46 

contr.

TENS and the 

combined use 

of TENS and 

benzydamine 

and diclofenac 
iontophoresis 

Pain (VAS)

81% pain relief with the 

combined therapy of 

TENS and iontophoresis 
to 63% by TENS only

N/A 2c

 

Annex 2. Overview of the Drugs Used for Iontophoresis 

Author Diclofenac 
Acetic  

Acid 
Salicylate Ketorolac 

Benzyda-

mine 
Lidocaine Ketamine Naproxen 

Dexa-

methasone 

Hydrocor-

tisone 

Corti-

costeroids 
NSAID 

Demirtas and 

Oner, (1998) 
   

Bremerich and  

Wiegel, (1992) 
   

Hammer et al., 

(2003) 
  

Leduc et al., 

(2003) 
 

Shetty et al., 

(2005) 
  

Perron and Ma-

louin, (1997) 
 

Osborne and 

Allison, (2006) 
 

Aiyejusunle  

et al., (2007) 
 

Saggini et al., 

(1996) 
 

Vranken et al., 

(2005) 
 

Ba kurt et al., 

(2003) 
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Author Diclofenac 
Acetic  

Acid 
Salicylate Ketorolac 

Benzyda-

mine 
Lidocaine Ketamine Naproxen 

Dexa-

methasone 

Hydrocor-

tisone 

Corti-

costeroids 
NSAID 

Gudeman et al., 

(1997) 
 

Runeson and 

Haker, (2002) 
 

Banta, (1994)  

Hendricks, 

(1992) 
 

Göko lu et al., 

(2005) 
 

Akinbo et al., 

(2007) 
 

Li et al., (1996)  

Amirjani et al., 

(2009) 
  

Neeter et al., 

(2003) 
  

Nirschl et al., 

(2003) 
  

Taskaynatan  

et al., (2007) 
  

Dakowicz and  

Latosiewicz, 

(2005) 
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Background/aims: In this study, we investigated the bioa-

vailability of iontophoretically delivered diclofenac with the

methylnicotinate (MN) test. The inhibition of an erythema

provoked by MN is proportional to the bioavailability of

diclofenac in the skin. It was our aim to use this procedure

in the determination of the contribution of, respectively,

passive diffusion, occlusion and electrically assisted deliv-

ery during an iontophoretic procedure as used in physiother-

apy.

Method: A total of six application sites were marked on the

volar forearms of each volunteer (n5 12), for the following

treatment and/or control modes: A5 cathodal iontophoresis

of 12 mg/cm2 Voltaren Emulgel
s

(diethylammonii diclofenac

1%) for 20 min; B5 passive diffusion under a contact

sponge; C5 passive diffusion without any covering; D5

current alone; E5 standard MN response; and F5 blanco

site. Tristimulus surface colorimetry and Laser Doppler flow-

metry were used to measure, respectively, the skin color

and the perfusion of the microcirculation. Bioavailability was

assessed by quantification of an MN-induced erythema

under the different conditions.

Results: A significant reduction of the MN-induced er-

ythema was observed with the Chromameter and Laser Doppler

measurements for the following treatment modalities: (1) elec-

trically assisted delivery: respectively, 65% and 100%, (2)

application under a contact sponge: 66% and 97% and (3)

passive diffusion without any covering: 32% and 65%. A sig-

nificant reduction was equally observed for the site treated with

the current alone: 19% and 42%. There was no significant

difference between the response after iontophoretic-delivered

diclofenac (mode A) and application of diclofenac under a

contact sponge (mode B).

Conclusion: The procedure used enabled us to evaluate

the bioavailability of a non-steroidal anti-inflammatory drug

in the skin. Under the conditions used, we did not find an

increased bioavailability after electrically assisted delivery

of diclofenac compared with the passive percutaneous

penetration under the contact sponge.

Key words: iontophoresis – methylnicotinate – occlusion –

passive diffusion

& Blackwell Munksgaard, 2005
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IN PHYSIOTHERAPY, iontophoresis is used to en-
hance the penetration of drugs in the topical

treatment of muscles, tendons and joints. In
practice, the drug is applied under a wet cellulose
sponge, which covers the electrode. The current
intensity and treatment time used are rather
limited: up to maximum 0.5mA/cm2 for 20min.
When screening the literature on iontophoretic

delivery as used in physiotherapy, we observed
that in most human in vivo studies, some basic
principles of percutaneous penetration were not
always taken into account (1–5). Indeed, ionto-
phoretic delivery is seldom evaluated vs. passive
diffusion. Iontophoretic delivery is usually com-

pared with a placebo without an active ingredi-
ent. As the passive penetration can be substantial
during the delivery, it is important to include this
control to estimate the enhancement factor.
The methylnicotinate (MN) assay in vivo has

already been proposed to assess the bioavailabil-
ity of corticosteroids and non-steroidal anti-in-
flammatory drugs (NSAIDs) (6, 7). It has been
demonstrated that the reduction of the MN-in-
duced erythema is related to the NSAIDs con-
centration in the skin and the potency of the drug
(6, 8). It was also possible to discriminate between
different formulations (9). This method can be
useful for predicting the clinical performance of a
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formulation or to test bioequivalence in the de-
velopment of a generic product (7). The MN
response can easily be determined with colori-
metric evaluation of the skin and determination
of the perfusion of the microcirculation (10).
In this experiment, we tried to estimate the

contribution of the passive percutaneous pene-
tration during electrically assisted delivery of
diclofenac.
Therefore, we used the method as proposed by

Duteil et al. (6) and Treffel and Gabard (7) to
estimate the bioavailability of diethylammonii
diclofenac (Voltaren Emulgel

s

) in the skin after
iontophoretic delivery vs. several controls on the
same subject.
Hence, the contribution of different factors

such as passive diffusion, semi-occlusion and
electrical assistance can be estimated. Therefore,
the results obtained may better reflect the real
contribution of the iontophoretic stimulation.

Method

Twelve volunteers (six males and six females,
mean age5 22.3� 3.4 years) participated in this
study. A total of six application sites (from A to F,
surface 7 cm2) were marked on both volar fore-
arms.
An acclimatization period of 30min prior to the

measurements was followed. Temperature (20�
2 1C) and relative humidity (45� 5%) were kept
constant during the experiment.
Skin color was evaluated with the Minolta

Chromameter-CR200 (Minolta Camera Benelux
BV, Kontich, Belgium). The a* parameter, ex-
pressed in arbitrary units, which typically mea-
sures the redness of the skin, is a good indicator
of skin erythema. In addition, local blood flow,
expressed in dimensionless perfusion units, was
evaluated using Laser Doppler flowmetry (Laser
Doppler, Järfälla, Sweden) (Periflux PF3).

Experiment part 1: diclofenac application
After baseline measurements, the following
applications were performed:
Spot A (iontophoretic delivery): application of

12mg/cm2 diethylammonii diclofenac 1%
(Voltaren

s

Emulgel, Novartis, Novartis Consu-
mer Health, Brussels, Belgium), iontophoretically
stimulated by a direct current: 0.2mA/cm2 at the
cathode, for 20min. Current was generated with
a Sonopuls 992 (Enraf Nonius NV, Aartselaar,

Belgium) using a pen electrode covered with a
wet circular cellulose sponge of a 7 cm2 surface.
The anodal sponge of 42 cm2 was placed perpen-
dicularly under the application site at the coun-
terpart of the forearm (Fig. 1). The sponges and
electrode were obtained from Gymna (Bilzen,
Belgium).

Spot B (passive diffusion under contact sponge):
application of 12mg/cm2 diethylammonii diclo-
fenac 1%, covered with a wet circular cellulose
contact sponge on the same surface of 7 cm2 for
20min.

Spot C (passive diffusion without any covering):
application of 12mg/cm2 diethylammonium
diclofenac 1% for 20min.

Spot D (current effect on barrier): direct current:
0.2mA/cm2, cathode, for 20min.

Spot E (standard MN response): no treatment
with diclofenac.

Spot F: (blanco): no treatment.
Sponges were saturated with distilled water

before application.
A randomization schedule was followed in

order to exclude regional effects.
After the 20min treatment period, all skin sites

were cleansed with distilled water using a wet
soft tissue.

Experiment part 2: MN application
Because the current application induced a skin
erythema, a resting period of 90min was allowed
after current application. At that time, a nicoti-
nate test was performed using paper filter disks
(18mm, Epitest Ltd Oy, Tuusula, Finland) satu-
rated with an MN solution (0.005M) and applied

Fig. 1. Overview of the application sites.
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for 30 s on all skin sites, except the blanco site
(spot F). Bioengineering measurements were car-
ried out every 5min post-MN application for
65min.

Statistical analysis
All data were tested on normality using the
Kolmogorov–Smirnov goodness-of-fit test.
Kinetics were compared using the MANOVA

procedure, while areas under the response curve
were compared using an ANOVA test followed by
Sheffé test.
Inhibition, corrected for blanco response, was

expressed in percentage of the standard MN
inflammation assay. Significance level was set
at 5%.

Results

During iontophoresis, a mild prickling sensation
was experienced on the skin at the cathode side
when current was turned on but the sensation
diminished during the treatment. A mild er-
ythema was visible after iontophoretic stimula-
tion but this was no longer detectable with color
or microcirculation evaluation 90min after cur-
rent cessation.
After a resting period of 90min, the MN test

was performed.
For the colorimetric measurements, we ob-

served a significant inhibition of the MN response
on the three skin sites that were pre-treated with
diclofenac. The inhibition after iontophoretic de-
livery was significant compared with the stan-
dard MN protocol (A vs. E, P5 0.001), with
delivery under a contact sponge (B vs. E, P5
0.001) and with passive diffusion alone (C vs. E,
P5 0.04) (Fig. 2). The response after iontophoretic
delivery did not differ from the response under
contact sponge occlusion (Avs. B, P5 0.13). Also,
after placebo iontophoresis, the erythema was
inhibited compared with the standard MN-
induced erythema (D vs. E, P5 0.04).
With the data presented as areas under the

curve, we calculated the percentage of inhibition
compared with the standard MN response (Fig.
3). Total inhibition was 65% and 66% for ionto-
phoretic and passive penetration under the con-
tact sponge, respectively, while passive diffusion
without any occlusion resulted in a 32% inhibi-
tion compared with the standard MN response.
Again, no significant difference was observed for

the iontophoretically delivered diclofenac com-
pared with delivery under the contact sponge
(P5 0.79). After placebo iontophoresis we ob-
served a significant inhibition of the MN-induced
redness (19%) compared with the standard MN
response.
For the perfusion of the microcirculation (Laser

Doppler), we observed similar results (Fig. 4).
Inhibition of the MN response was significant for
all diclofenac pre-treated sites: inhibition after
iontophoresis (A vs. E, P5 0.0001), passive pene-
tration under a contact sponge (B vs. E, P5
0.0001) and passive diffusion without any cover-
ing (C vs. E, P5 0.002).
Again, there was no significant difference be-

tween the response obtained after iontophoretic
delivery and passive penetration under the con-
tact sponge (A vs. B, P5 0.440).
Presenting the data, corrected for blanco va-

lues, as area under the curve (Fig. 5), we observed
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Fig. 2. Colorimetric evaluation of a methylnicotinate-induced skin

erythema after diclofenac application under different application and

controls modes (A, iontophoretic delivery; B, passive diffusion under a

contact sponge; C, passive diffusion without covering; D, placebo
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that the inhibition of the perfusion of the micro-
circulation was complete after iontophoretic de-
livery (100%) and did not differ significantly from
the response after passive penetration under the
contact sponge, which resulted in a 97% reduc-
tion of the erythema response (P5 0.13). The
perfusion of the microcirculation after passive
penetration without covering was inhibited
(65%) compared with the standard MN response.
Again, after placebo iontophoresis, we observed,
using the Laser Doppler, a significant inhibition
of the MN-induced response (42%) compared
with the standard MN response.

Discussion

The anti-inflammatory properties of diclofenac
are because of the inhibition of the enzyme

cyclooxygenase (COX), also called prostaglandin
endoperoxide H synthetase. Our interest lies in
COX-2 because this enzyme is responsible for the
formation of inflammatory prostaglandins. It has
already been demonstrated that diclofenac inhi-
bits this COX-2, resulting in a reduction of the
inflammation (11). We used this property to
evaluate the tissue bio-availability of diclofenac,
which is proportional to the inhibition of an MN-
induced erythema. It can be assumed that the
reduction is a function of the amount of NSAIDs
available at the site of inflammation. It has
already been demonstrated that there is a good
correlation between the in vitro uptake of NSAID
in the skin and the in vivo inhibition of the
provoked inflammation (12).

The iontophoretically delivered diclofenac was
compared with the passive diffusion when the
application site was left uncovered or occluded
with the contact sponge electrode. This allowed
us to compare the iontophoretic delivery with the
passive diffusion and to estimate the occlusive
effects.

For the Laser Doppler measurements, we ob-
served a complete inhibition of the signal when
the test sites were pre-treated with diclofenac. It
seems that there is a strong inhibition of the
microcirculation at a measuring depth of 1mm.
The Laser Doppler data represent the result from
the blood flow in the superficial dermal plexus
and capillary loops, and do not reflect the blood
flow in the deeper regions.

The results therefore differ from the color
evaluation. Treffel et al. (12) hypothesized that
the redness measured by the Chromameter was
mainly because of the blood increase in the
capillary loops and in the arteriovenous shunts
of the subpapillary plexus. Skin redness gives
information from different depths and is there-
fore more appropriate for this type of measure-
ments.

Diclofenac inhibits the induced inflammation
redness, resulting in lower a* values obtained
with the Chromameter. Hence, we may assume
that lower values represent higher diclofenac
concentrations in deeper tissue layers. The inhi-
bition of the erythema was stronger after ionto-
phoresis and passive diffusion under contact
sponges compared with the passive diffusion
alone, pointing to an enhanced delivery under
iontophoretic and occlusive conditions. We ob-
served no significant difference between the MN
responses when diclofenac was iontophorized,

0

20

40

60

80

100

120

140

pe
rf

us
io

n 
un

its

ionto (A) occlusion (B) current (D)
passive (C) MN (E) blanco (F)

MN application 30 sec. 

treatment 
20 min.

rest period 
± 90 min.

0 20 60−20 −40 
Time (min.) 

40

Fig. 4. Evaluation of the microcirculation of a methylnicotinate-

induced skin erythema after diclofenac application under different

application and controls modes and (A, iontophoretic delivery; B,

passive diffusion under a contact sponge; C, passive diffusion without

covering; D, placebo iontophoresis; E, standard MN response and F,

blanco).

passive
penetration

current
alone

standard MN
response

0
500

1000
1500
2000
2500
3000
3500
4000
4500

p
er

fu
si

o
n

 u
n

it
s 

(A
.U

)

occlusion
iontophoretic

delivery

0%,**
3%,**

58%,*
35%,*

100%

Fig. 5. Evaluation of the microcirculation: response to an MN appli-

cation; comparison of the different application modes expressed in

percentage of the standard MN response. Data presented as total

kinetic response (area under the curve) corrected for blanco values.
*Po0.05, **Po0.001, compared with standard MN response.

214

Lambrecht et al.



The skin as a barrier in fysiotherapy4. RESULTS

compared with passive diffusion under the con-
tact sponge. As a consequence, the enhanced
delivery compared with the passive diffusion
seems to be explained by an occlusive effect
and not by a current-induced mechanism. We
were not able to demonstrate any advantage of
the current for a single application of diclofenac.
The major factor influencing the penetration
seems to be the occlusion. During iontophoresis,
the treated area is covered with a water-humidi-
fied sponge electrode and this occlusion causes
an increase in the hydration of the skin. It is well
known that occlusion of the treated area im-
proves the percutaneous absorption (13).
A current pre-treatment seems to have an effect

on the passive penetration of MN. In a previous
study, we demonstrated that a current pre-treat-
ment influences the passive uptake of MN, re-
sulting in shorter time-to-peak values and lag
times (14). An increased passive uptake after a
current pre-treatment was also observed in other
studies (15, 16). The increased uptake may be
explained by a significant decrease of the skin
impedance, which persists several hours after the
current removal (15, 17). Lee et al. (18) suggested
that an increased hydration after a current treat-
ment is responsible for the increased passive
uptake. An increased hydration is responsible
for a drop in resistance, explaining the increased
permeability. With electron microscopy, they
found changes in the structure of the stratum
corneum intracellular lipids after iontophoresis.
Moreover, they found similar phenomenona at
the control site, suggesting that the changes in the
stratum corneum intercellular structure may be a
result of hydration and occlusion and not a
current-induced mechanism. This could explain
the increased uptake of MN after current pre-
treatment as observed in our study, but equally
corroborate our findings of a similar inhibition
after iontophoretically and passively delivered
diclofenac under occlusion. Our results suggest
that the electromotive forces may be overesti-
mated during iontophoretic delivery in experi-
mental designs where the passive uptake and
occlusion effects are not evaluated.

Conclusion

Objective quantification of the bioavailability of
NSAID can be performed with the MN assay. It
has been used to discriminate between different
NSAIDs or distinguish between various formula-

tions. Moreover, it has the potentials to evaluate
the bioavailability after iontophoretic delivery
of NSAIDs. Colorimetric evaluation seemed to
be appropriate for evaluating the inhibition,
whereas evaluation of the microcirculation gives
additional information that can support the col-
orimetric data. In our in vivo experiment, we
demonstrated that for a single application, the
presumed enhancing effect of a current is negli-
gible compared with passive penetration under a
contact sponge. In fact, the wet occlusion seemed
to be the most important factor explaining the
enhanced percutaneous penetration.
We recommend that in future experiments

where iontophoresis is investigated, the inclusion
of several controls needs to be considered, be-
cause the passive penetration and the effect of the
occlusion or other manipulation effects may be
the dominant factors compared with the current-
induced delivery.
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Abstract 

There is scarce information concerning the pharmacodynamic behavior of topical substances 

used in the physiotherapy setting. The aim of the present study was to estimate the 

formation and emptying of the diclofenac (DF) skin reservoir after passive, semi occlusive 

and electrically assisted applications of DF.  

Five different groups of healthy volunteers (ntotal= 60; 23 male and 37 female), participated 

in this study. A 1% DF (Voltaren Emulgel®, Novartis) formulation (12mg) was applied on the 

volar forearms on randomized defined circular skin areas of 7cm2. DF was applied for 20 

minutes under 3 different conditions at the same time. Presence of DF in the skin results in a 

reduction of the methyl nicotinate (MN) response. To estimate the bioavailability of DF in 

the skin, MN responses at different times following initial DF application (respectively 1.5, 6, 

24, 32, 48, 72, 96, 120 hours) were analysed. 

At 1.5 hours after the initial DF application a significant decrease in the MN response was 

detected for the occluded and iontophoretical delivery. Passive application resulted in a 

decrease of the MN response from 6 hours post DF application. The inhibition remained up 

to 32 hours post DF application for the iontophoretic delivery; 48 hours for the occluded 

application; and 72 for the passive delivery. At 96 and 120 hours post DF application none of 

MN responses were inhibited.  
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The formation and emptying of a DF skin reservoir was found to be dependent of the DF 

application mode. Penetration enhanced delivery resulted in a faster emptying of the 

reservoir. 

 

Keywords: skin reservoir – diclofenac – passive diffusion – occlusion – iontophoresis 

 

Introduction 

Transdermal delivery of non steroidal anti-inflammatory drugs (NSAIDs) is a topical 

treatment routinely used in physiotherapy to reduce pain and inflammation in 

musculoskeletal disorders 1 2 3 4. In order to weaken the skin barrier and to achieve a clinical 

effective drug concentration in the target tissues, various transdermal enhancement 

techniques, such as sonophoresis, iontophoresis and occlusion are used 5 6 7 8 9 10 11. 

However little information is available concerning the efficacy of the treatment protocol and 

the penetration profiles of the substances used in the physiotherapy setting. Indeed, most 

clinical studies have complex treatment protocols and are unable to relate clinical outcome 

with drug penetration. A recent meta-analysis (2012) suggested a better clinical outcome for 

iontophoretically delivered substances 12. Despite, due to methodological flaws (e.g. 

combined therapies, lack of control for passive diffusion and occlusion) definite conclusions 

regarding the possible penetration enhancement of the electrical assisted delivery cannot be 

inferred 12.  

The building up of a stratum corneum reservoir (SC) is an important component of the 

pharmacodynamics of topically applied substances. Rougier et al. (1985) used the reservoir 

effect of the SC after 30 minutes of application to predict the total amount absorbed 13. 

Moreover, the human SC has the capacity to store topically applied substances through a 
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prolonged time 14. The existence of a reservoir within the SC has been documented for 

several topically applied solutes such as corticosteroids, 14 15 16 17 18 caffeine,19 20 nicotine, 21 

DF 22 and chemical UV filters 23. Roberts et al. (2004) emphasised that reservoir properties 

can also be attributed to the viable epidermis and dermis. Specifically, DF binding capacities 

in dermal tissue have been reported 24.  

Lambrecht et al. (2006) estimated the DF skin bioavailability by quantifying the reduction of 

a MN induced vasodilatation using chromametry and Laser-Doppler flowmetry. They 

detected a significant reduction of the MN response 90 minutes after different application 

modalities of DF. Open application resulted in a 32% reduction of the MN response, 

application under occlusion accounted for a reduction of 66%, whilst the iontophoretic 

application resulted in a 65% reduction 7. At that time, one could not discriminate between 

the occlusive and electrically assisted delivered DF. To obtain more insight in the 

pharmacodynamics and reservoir properties of DF, the aim of the present study was to 

evaluate the bioavailabilty in the skin of DF at longer time intervals after DF application using 

different application modalities. Therefore, three different forms of application (passive, 

occlusive, iontophoretic) were examined in order to detect the anti-inflammatory effect and 

thereby getting a better understanding of the skin-penetrating and reservoir-building 

behavior of DF in function of time. The MN responses were quantified by skin colorimetry at 

different moments of time (1.5, 6, 24, 32, 48, 72, 96, 120 hours) post initial DF application.  

 

Methods 

Subjects 

Five different groups, (group 1, n=13 (1.5h.); group 2, n=12 (6h.); group 3, n=12 (24, 32h.); 

group 4, n =14; (48, 72h.) group 5, n=9; (96, 120h.) of healthy volunteers (n= 60, 23 male and 
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37 female), not treated with any drugs participated in this study. The volunteers were 

Caucasians and had healthy skin. Mean age of the subjects was 21.4 ± 4.1 years. Approval by 

the ethical committee of the Vrije Universiteit Brussel was obtained for this study. Before 

testing, all subjects were informed of the research protocol and signed an informed consent. 

During the duration of the experiments the volunteers were asked to maintain their daily 

activities but to abstain from swimming and extensive showering.  

The measurements were performed under standardized temperature (20 ± 2 °C) and relative 

humidity (45 ± 5%) conditions. Before every DF application and each measurement session 

the volunteers participated in a 30 minutes acclimatization period. For each time interval 

tested, five randomized circular skin areas (7cm2) were demarcated on the subjects’ volar 

forearms, for the following treatment and/or control modes: (1) open application (without 

occlusion), (2) passive diffusion under a semi occlusive humid sponge, (3) iontophoretic 

application (4) standard MN response (5) untreated skin side. This means that either five 

skin areas for group 1 and 2 or ten skin areas for group 3, 4 and 5 (testing two time intervals) 

were randomized demarcated on both arms. This procedure enabled a single application of 

MN on every skin site at different time intervals avoiding the occurrence of tachyphylaxis. 

 

Group  Time interval 

  

Number of subjects 

1 1.5 h 13 

2 6h 12 

3 24h; 32h 12 

4 48h;78h 14 

5 96h;120h 9 

 

Table 1. Overview of the different groups, time intervals investigated and number of 

participants  
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Bioavailability test 

DF skin bioavailability was assessed by quantifying the reduction of the MN response as 

proposed by Lambrecht et al. (2006) 7. Topical application of MN provokes an increase of 

local cutaneous blood flow (erythema) 25. When DF is present in the skin the nicotinate 

response is depressed in a concentration dependent way 26. Treffel et al. (1993) 

demonstrated a good correlation between the in vivo inhibition of the MN induced 

inflammation and the vitro determination (chromatographic analysis) of NSAID 

concentration levels in the SC 27. Lambrecht et al. (2006) evaluated the inhibition of the MN 

induced erythema with both Laser Doppler Flowmetry and the colorimetric method, which 

resulted in equivalent conclusions. Therefore it was optioned to use the Chromametric 

evaluation 28. In the present study, the inhibition of the MN response with sum of the a* 

parameter (Σa*) was evaluated up to 50 minutes post MN application, making the protocol 

more feasible and bearable for the subjects.  

 

Instruments 

The skin surface colorimetric measurements were performed with the Minolta 

Chromameter CR 200 operating in the CIE L*a*b* color space (CIELAB). For the 

quantification of skin surface colour and erythema the a* parameter is especially useful as it 

represents the chromaticity between red/magenta and green (a*, negative values indicate 

green while positive values indicate magenta) 29 30. Chromameter measurements were 

carried out before DF application; prior to MN application and every 5 minutes until 50 

minutes post MN application for the different reservoir estimation time points. Since 

different groups of subjects were involved, an untreated skin area was included in order to 

be able to correct for blank values. 
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Materials 

On application side (1), (2) and (3) a commercially available 1% DF (Voltaren Emulgel®, 

Novartis) formulation (12mg) was applied. The product was gently rubbed into the skin using 

a gloved finger. The MN test was applied using paper filter disks which were saturated in a 

0.005M aqueous MN solution and applied on the circular demarcated skin areas for 30 

seconds. After removal of the filter disk, excess solution was gently wiped away using a 

tissue paper. 

 

Application modes 

DF was applied for 20 minutes under three different conditions; (1) open application 

(without occlusion), (2) passive diffusion under a semi occlusive humid sponge, (3) an 

iontophoretic application (direct current, 0.2 mA/cm², cathode). To reproduce 

physiotherapeutical conditions, skin occlusion was performed using electrode sponges as 

applied in the clinical therapeutic setting 7. Two marked skin areas were not treated with DF, 

the application side for the standard MN-induced response and the blanco untreated skin 

side.  

 

Reservoir estimation 

Bioavailability of DF in the SC under the three conditions was assessed by quantification the 

MN induced erythema at 1.5, 6, 24, 48, 72, 96, and 120 hours post DF application.  
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Calculations and Statistics 

To estimate the presence of DF in the skin, MN responses at the different time periods 

following initial DF application (1.5, 6, 24, 32, 48, 72, 96, 120 hours) were compared. The 

(Σa*) corrected for blank values (untreated skin) up to 50 minutes post MN application was 

used as an indicator for the magnitude of the MN response. Normality was evaluated using 

the Kolmogorov-Smirnov Goodness of Fit Test. At the different time periods following initial 

DF application the skin response to the different application modalities was compared using 

an ANOVA procedure with Bonferroni correction for post-hoc tests. Statistical significance 

between any application mode and the standard MN response was used as an indication for 

the presence of DF in the skin at that particular time point following initial DF application. 

The significance level was set at 5%. 

 

Results 

Analysis of the skin colour (a* parameter) after MN application for the different application 

modes (open application, occlusion, iontophoresis) and at the different reservoir estimation 

times (1.5, 6, 24, 32, 48, 72, 96, 120 hours) clearly shows changes in MN response as a 

function of the application mode and reservoir estimation time. Kinetics are represented for 

the reservoir estimation time 1.5 and 96 hours post DF application only (see figure 1 and 2). 

At 1.5 hours post DF application a clear inhibition is visible for the application under 

occlusion and under iontophoresis whilst the open DF application did not provoke an 

inhibition on the MN response (figure 1).  
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Fig. 1. a* Parameter changes over time 1.5 hours after the initial application of DF  

 (   ) MN, (X)  open, (   )  occlusion, (    ) iontophoresis, (    ) blank. Mean ± SD 

 

At 96 hours post DF application, inhibition of the MN response is no longer perceived (figure 

2).  
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Fig. 2. a* Parameter changes over time 96 hours after the initial application of DF  

 (   ) MN, (X)  open, (   )  occlusion, (    ) iontophoresis, (    ) blank. Mean ± SD 

 

Differences between application modes at the different reservoir estimation times were 

assessed using the (Σa*) values calculated from the different kinetics (table 1). At 1.5 hours 

after the initial DF application a significant decreased response was detected for the 

occluded and iontophorectically delivered DF only. From 6 hours up to 32 hours post DF 

application a significantly reduced MN response was detected at all DF pre-treated skin sites. 

At 48 hours post DF application only the passive and occluded applications resulted in a 

significant reduction. At 72 hours post DF application only the response after the passively 

delivered DF remained significant. From 96 hours on, no differences between the MN 

responses were detected (see table 1). 
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TIME AFTER 

INITIAL 

DF APPLICATION MN OPEN OCCLUSION IONTO ANOVA

1.5 h. (n=13) 40.11 ± 20.4 b,c 34.08 ± 22.9 15.82 ± 11.4 b 17.35 ± 15.4 c < 0.001

6 h.    (n=12) 33.11 ± 19.5 a,b,c 13.4 ± 13.7 a 13.54 ± 12.4 b 16.37 ± 16.9 c < 0.001

24 h.  (n=12) 22.46 ± 13.5 a,b,c 8.85 ± 12.2 a 10.62 ± 11.7 b 14.06 ± 9.7 c 0.001

32 h.  26.81 ± 17.3 a,b,c 8.5 ± 10.8 a 8.39 ± 10.8 b 9.39 ± 15.0 b < 0.001

48 h.  (n=14) 34.54 ± 19.2 a,b 16.41 ± 17.5 a 26.23 ± 18.8 b 29.46 ± 17.2 < 0.001

72 h.  39.34 ± 20.2 a 20.43 ± 17.6 a 25.65 ± 11.2 25.36 ± 17.7 < 0.01

96 h.    (n=9) 36.12 ± 18.4 35.57 ± 19.9 30.24 ± 13.3 34.65 ± 17.1 > 0.05

120 h.  30.03 ± 12.7 29.96 ± 17.3 28.63 ± 17.0 30.06 ± 19.3 > 0.05

 

Table 2. Comparison of the total responses (Σa*) (mean ± SD) corrected for blank over the 

total MN evaluation period) for the reference MN test and the different DF applications at 

1.5, 6, 24, 32, 48, 72, 96, and 120 hours after the initial DF application. Equal indices (a,b,c) at a 

particular reservoir estimate time, indicate a significant difference for the post hoc test (p < 

0.05). 

 

Discussion  

The applied method, inhibition of a physiological reaction (MN) due to the presence of the 

inhibitor (DF) in the skin reservoir, enabled us to estimate penetration kinetics and the DF 

skin reservoir building and emptying properties of three different application conditions up 

to 120 hours post initial DF application. In contrast with other reservoir protocols an active 

substance liberating action such as occlusion or increased hydration was not required 24. This 

may be a confirmation of the presence of DF in the viable tissue (dermal compound) since 

the MN induced vasodilatation is inhibited immediately 24.  
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The application modality influences the formation as well as the emptying of the reservoir. 

Penetration enhancing factors such as occlusion and current induced a faster formation and 

emptying of the reservoir as compared to an open (passive) DF application. The presence of 

the reservoir for the passive DF application after 6 hours only is in contrast with earlier 

findings from our laboratory7. Lambrecht et al. (2006) presented the data of the MN 

response as calculated areas under the curve, relating the inhibition of MN response 

throughout a 65 minutes time period. They found a 32% reduction of the MN response 1.5 

hours after application, reaching borderline significance (p=0.04). The 25% reduction of the 

MN response did not reach significance. Consequently, the weaker inhibition potential at 1.5 

hours post DF application as noticed in both studies indicates lower bioavailability at that 

moment, due to a slower percutaneous penetration compared to the other application 

modes. The literature designates that formation of a skin reservoir for topically applied 

substances is determined by a variety of factors (e.g. lipid/water solubility, protein binding 

capacity, percutaneous absorption, compound concentration, clearance, application time 

and application mode) 11 14 15 16 23 24. Our results support the previous findings of Vickers 

(1972) showing that an increased drug diffusivity in the SC as provoked by penetration 

enhancers, results in a faster formation of the reservoir 14. More specifically, Takahashi et al. 

(1995) suggested an increased diffusivity of DF into the SC from vehicles containing urea 

compared to vehicles without urea. The latter was explained by the hydration enhancement 

effect of urea on the SC 31.  

The results concerning the penetration enhancement effect of iontophoresis are in line with 

the results of Curdy et al. (2001) on the in vivo uptake of Piroxicam after passive, occlusive 

and iontophoretic administration. Only after iontophoresis, enhanced drug uptakes were 

found at 30, 60 and 125 minutes following the initial application at different depths in the 
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SC. In contrast with our results, Curdy et al. found no significant difference between passive 

delivery and the application under occlusion. A possible explanation could be the low 

lipophilicity of Piroxiam resulting in a low passive up take into the stratum corneum 32. Fang 

et al. (2000) postulated that the route and mechanism for the iontophoretic delivery of DF 

through the skin might be different as compared to passive delivery. Therefore, the 

importance of SC as a rate- limiting barrier is reduced for iontophoretic delivery of DF 33. 

Our results indicate that the emptying of the reservoir is influenced by the application mode. 

After iontophoretic delivery the DF reservoir was present up to 32 hours following initial 

application. However, after occlusive and passive delivery of DF, the reservoir was present 

up to 48 and 72 hours respectively. It is well established that diffusivity influences clearance 

from the reservoir, with faster emptying as a function of increasing diffusivity. Increasing SC 

hydration as well as iontophoresis has been shown to be effective methods for enhancing 

the percutaneous penetration of DF 33. The present data fit in the model proposed by 

Roberts et al. (2004), with a shorter lag time resulting in a faster reservoir emptying 24.  

Equally, based on the results of Rougier et al. (1985), one can assume that the application 

with the fastest reservoir building up conditions may result in a greater delivery of active 

substances to the viable tissues, which may have its effect on the clinical outcomes of the 

physiotherapeutic treatment. 

Limitations of the present study are the lack of information on absolute DF quantities 

entering the viable skin and the fact that the methods used did not allow to differentiate 

between an epidermal reservoir and a dermal reservoir. Further research estimating in vivo 

tissue concentrations after different modes of application are required for further 

elaboration of the pharmacodynamics of topical applied substances in the physiotherapeutic 

practice. 
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Conclusion  

This study measured the penetration kinetics and reservoir properties of DF after a single 

topical passive, occlusive and electrical assisted application in a realistic physiotherapeutic 

setting. The results indicate that the contribution of occlusive and passive penetration in the 

iontophoretic delivery can be substantial. The prompt inhibition of the vasoactive reaction 

may be an indication for a dermal DF reservoir. The formation and emptying of the reservoir 

was found to be dependent of the application mode.  
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5. General Discussion 
 
This research combined the disciplines of physiotherapy and bioengineering of the 

skin. Aspects of physiotherapeutic applications, whereby the skin acts as a limiting 

barrier, were assessed by means of bioengineering techniques. Investigating the 

specific research questions provided insight in the underlying mechanisms and 

effectiveness regarding the physiotherapeutic procedures of paraphango, 

sonophoresis and iontophoreresis. This chapter presents a global discussion on the 

obtained results. 

 

Paraphango: Research question 1 and 2 

1. What are the effects of paraphango therapy on skin temperature, perfusion of 

the microcirculation and skin colour? 

2. What are the systemic effects of local paraphango therapy? 

 

Pharaphango therapy aims to increase skin temperature which stimulates 

cutaneous afferent fibers, subsequently influencing the modulating properties of the 

gate control system. With „pain reduction by gate control“, stimulation of large 

diameter, fast conducting afferent fibers excitate the substantia gelatinosa, 

ultimately inhibiting the transmission of nocisensory stimuli towards the thalamus 

and cortical regions responsible for the perception of pain [101].  

Our pharaphango study revealed that during and 21 minutes after paraphango 

therapy, there were strong local effects on skin properties in terms of increased 

temperature, microcircular perfusion and skin erythema (see table 1.) 
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SKIN CHARACTERISTIC PRE TREATMENT DURING TREATMENT POST TREATMENT  

skin temperature (c°) 35.5 ± 0.4 44.3 ± 1.2 40.3 ± 0.6 

perfusion  microcirculation (a.u) 23.2 ± 8.8 197 ± 49  159 ± 52 

skin redness  (a*parameter) 11.0 ± 2.5 17.9 ± 1.9  15.8  ± 2.2 
 

Table 1. Overview of the local changes in skin characteristics before, during and after local 

Paraphango therapy.  

 

The results are in concordance with those obtained by Poensin et al. (2003) [122]. 

Poensin et al. used comparable methods (Laser Doppler flowmetry and skin 

temperature) and also presented increased values for ST (+2 °C), skin blood flow (+ 

600%).  

 

Erasala et al. (2001), demonstrated in healthy volunteers that heating pad 

treatment, increasing skin temperatures to 38 C°, 40 C°, and 42 C° increased deep 

tissue blood flow in the trapezius muscle by 27%, 77%, and 144% respectively [53]. 

Muscle tissue blood flow was not measured in our study. Despite, the measured 

increases in ST of 8.8°C, related to the findings of Ersala et al. support the 

hypothesis of increased muscle perfusion. 

 

The study revealed significant but small variations in SBP and DBP. SBP values 

decreased from pre treatment 102.9 ± 8.9 mmHg to 98.7 ± 8.2 mmHg during 

treatment and DBP values increased from 59.8 ± 6.8 mmHg pre treatment to 61.2 ± 

6.5 mmHg during treatment. These changes have limited clinical relevance. The 

increased HR values (around 10 bpm) immediately after the phango application 

may be caused by a redistribution of blood towards the more superficial veins, as 

part of the thermoregulation response. These findings are also in concordance with 

Poensin et al. who presented constant values for core temperature [122]. 
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In summary, it can be stated that young healthy subjects during and after 

paraphango therapy present strong local effects on skin properties with weak 

systemic effects. Future research should reveal whether these weak systemic 

effects will also be present in patients with cardiovascular insufficiencies.  

 

Iontophoresis: Research question 3 and 4 
 

3. Is the clinical applicability of iontophoresis in the physiotherapeutic treatment 

of musculoskeletal disorders evidence based? 

4. Is the application of iontophoresis effective in reducing pain in patients with 

musculoskeletal disorders? 

 
 
The 3rd research question concerned the evidences for the use of iontophoresis in 

the physiotherapeutic treatment of musculoskeletal disorders.  

Our literature exploration revealed insufficient evidences concerning the clinical 

effectiveness of iontophoresis in the treatment of musculoskeletal disorders [37] [6] 

[14]. The most frequently used drugs in physiotherapeutic iontophoresis are 

corticosteroids and NSAIDs. Specifically for iontophoresis with corticosteroids 

insufficient support is presented for its value in the treatment of musculoskeletal 

disorders [37] [6] [5]. 

Furthermore, there is no consensus concerning the potency of iontophoresis with 

acetic acid in the treatment of calcifying disorders [88]. Studies claiming to have a 

positive treatment effect on size and density of the calcification combined the use of 

iontophoresis with ultrasound therapy or other therapy modalities [119] [142]. 

Controversial results have been reported for the efficiency of dexamethasone 

iontophoresis in the treatment of tendinopathy and epicondylalgia [44] [148] [110] 

[112]. These results corroborate with the systematic review (k = 28) of Bisset et al. 
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(2005) evaluating the effectiveness of physical interventions for lateral 

epicondyalgia. The authors concluded that there were contradictions in results and 

heterogeneity of the interventions [13]. Also the systematic review from Andres and 

Murrell (2008) concerning treatment options for tendinopathy (k=177) reported 

conflicting results. It was concluded that there is little evidence to support the use of 

most physical modalities including the use of iontophoresis with corticosteroid or 

NSAIDs. The authors concluded that high powered studies to determine effective 

treatment strategies on the treatment of tendinopathies are needed and future 

research in this context should emphasize on standardisation of the treatment 

methods and the outcome measures [6]. 

The literature lacks evidenced consensus concerning application time and treatment 

intensities. Consequently, it is impossible to discriminate between the different 

factors influencing the percutaneous uptake.  

A number of studies used multiple treatments or evaluated the effects of 

iontophoresis on multiple diagnoses, making it impossible to make an interpretation 

on the independent outcome of iontophoresis [9] [11] [69] [138] [19] [148] [41] [116].  

 

With regard to the 4th research question, there is evidence for the iontophoretic 

administration of corticosteroids and NSAID’s providing a non invasive alternative to 

injection and oral therapy to control pain [9] [138] [162] [61] [38]. Johnson et al. 

(2007) reported scant evidence that iontophoresis with NSAIDs may be effective in 

reducing pain and that there is insufficient evidence supporting the use of 

corticosteroid iontophoresis [76].   

Although our meta-analysis on ten trials concerning the effect of iontophoresis on 

pain as compared to a control or placebo group revealed a larger effect size in 

favour of the iontophoretic treatment, these results should be interpreted carefully. 
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Most studies on the effectiveness of iontophoresis did not use objective outcome 

measures or control groups. Most of the in vivo studies presented methodological 

weaknesses (PEDro scale ranging between 3 and 10). Studies reporting positive 

effects from iontophoresis treatment often involved small sample sizes, using 

iontophoresis in combination with other treatment [2] [9] [41] [69] [116] [148]. 

It can be stated that in most of the in vivo studies on humans the basic principles of 

percutaneous penetration were not always taken into account. Since passive 

penetration can be substantial during delivery it is important to control this.  

This problem motivated us to conduct a study on the bioavailability of DF after 

electrical assisted delivery in comparison to passive percutaneous penetration and 

occlusion. 

 

Research question 5 

5. Is there an increased bioavailability of DF in the skin after electrically 

assisted delivery in comparison to the passive percutaneous penetration and 

occlusion?  

 

Our 5th research question aimed to answer the question if there is an increased 

bioavailability after electrically assisted delivery of DF in comparison to the passive 

percutaneous penetration and occlusion. For that purpose, we estimated the tissue 

bio-availability of DF by means of its proportional relationship with MN induced 

erythema. The MN induced erythema was measured with Laser Doppler and 

Chromameter. Laser Doppler represents the blood flow in the superficial dermal 

plexus and the capillary loops 1-2 mm below the skin surface and does not reflect 

the amount of blood in the deeper regions [161]. Wilhelm et al. (1989) stated that 

erythema depends on the total volume of blood under a given area of skin [167]. As 
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compared to passive diffusion, the passive diffusion of DF with the application site 

occluded under the contact sponge presented stronger inhibition of the 

microcirculation at a measuring depth of ≈1mm.   

Treffel et al. (1993) hypothesized that the skin redness measured by the 

Chromameter was mainly because of the blood increase in the capillary loops and 

in the arteriovenous shunts of the subpapillary plexus [151]. By means of lower a* 

parameter values (Chromameter), we could demonstrate the bioavailability of DF in 

the deeper layers of the skin. As compared to passive diffusion alone, inhibition of 

the erythema was stronger after iontophoresis and passive diffusion under contact 

sponges without a significant difference between the protocols of iontophorized DF 

and passive diffusion of DF under occlusion. Limitations of our study are that we 

were not able to measure absolute DF tissue values. A strong MN inhibition in the 

superficial layers of the skin does not implicate that there is no possible enhancing 

effect of current in the deeper layers of the skin. 

The in vivo experiments from our research demonstrated that for a single 

application of DF, the presumed enhancing effect of a current is negligible as 

compared with passive penetration of DF under a contact sponge. In fact, the wet 

occlusion was the primary factor for the enhanced percutaneous penetration. The 

passive penetration and/or the effect of the occlusion and/or other manipulation 

effects may be the dominant factors compared with the current induced delivery. 

Consequently, it is recommended that in future experiments with iontophoresis, the 

inclusion of the abovementioned controls is imperative.  
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Research question 6 

6. Is the formation and emptying of a DF skin reservoir dependent of the DF 

application mode? 

 

The literature indicates that formation of a skin reservoir for topically applied 

substances is determined by a variety of factors (e.g. lipid/water solubility, protein 

binding capacity, percutaneous absorption, compound concentration, clearance, 

application time and application mode) [121] [160] [118] [32] [149] [132]. 

In our second bioavailability study it was the aim to estimate the accumulation and 

emptying of the DF skin reservoir after passive, semi occlusive and electrically 

assisted applications of DF. The evaluation was done by means of measurement of 

the inhibitory effect on a physiological reaction (MN) due to the presence of the 

inhibitor (DF) in the skin reservoir. This enabled us to estimate the penetration 

kinetics and the DF skin reservoir building properties of three different application 

conditions up to 120 hours after the initial application.  

Our results showed that the building up as well as emptying of the reservoir was 

influenced by the application modality. Penetration enhancing factors such as 

occlusion and current induced a faster building up and emptying of the reservoir in 

comparison to an open (passive) DF application. After iontophoretic delivery the 

reservoir remained present up to 32 hours following initial application. However, for 

occlusive and passive delivery the reservoir persisted up to respectively 48 and 72 

hours post DF application. 

The results concerning the penetration enhancement effect of iontophoresis are in 

line with the results of Curdy et al. (2001) who investigated the in vivo uptake of 

Piroxicam after passive, occlusive and iontophoretic administration. They reported 

for the iontophoresis condition increased Piroxicam concentrations in the horny and 
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deeper layer at 30, 60 and 125 minutes after drug application [40]. In contrast with 

our results, Curdy et al. found no significant difference between passive delivery 

and the application under occlusion. A possible explanation for this could be the low 

lipophilicity of Piroxiam resulting in a low passive uptake into the SC [40] 

The data of this study fit in the model proposed by Roberts et al. (2004), with a 

shorter lag time resulting in a faster reservoir emptying [132] Our results indicate 

that the emptying of the DF skin reservoir is influenced by the mode of application. It 

is well established that diffusivity influences clearance from the reservoir, with faster 

emptying as a function of increasing diffusivity. Increasing SC hydration as well as 

iontophoresis has been shown to be effective methods for enhancing the 

percutaneous penetration of DF [55]. Based on the results of Rougier et al. (1985), 

it can be assumed that the application with the fastest reservoir building up 

conditions may result in a greater delivery of active substances to the viable tissues, 

which may have its effect on the clinical outcomes of the physiotherapeutic 

treatment [134].  

In the study investigating the bioavailability of DF 1.5h after application [87], DF skin 

bioavailability was estimated by comparing the sum of total colour change (∑Δa* 

parameter calculated over the entire measurement period of 65 min) in relation to 

the standard  MN. In this study, a 32% reduction of the MN response 1.5 hours after 

passive DF application was noticed, reaching borderline significance (p=0.040). In 

the study investigating the DF skin reservoir (Clijsen et al. 2013), the bioavailability 

of DF in the skin, the observation period was limited to 50 minutes. There, the 25% 

reduction of the MN response after passive DF delivery did not reach significance. 

To cope with this difference in observation time interval between the “bioavailability 

experiment” and the “reservoir experiment”, the Chromameter values of the 
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bioavailability experiment were recalculated over a 50 min observation period (see 

figure 12a and 12b). 

Recalculating the data of the iontophoresis bioavailability study over an observation 

period of 50 minutes revealed a borderline significant inhibition of the MN response 

after passive delivery of DF as compared to the 100% MN response (p=0.046). 

Compared to the 100% MN response, significant inhibitions were found for the 

responses after iontophoretic DF delivery (p<0.001) and the DF delivery under 

contact sponge occlusion (p<0.001). Again, there was no significant difference 

between the response obtained after iontophoretic delivery and passive penetration 

under the contact sponge (p=0.766). The weaker inhibition at 1.5 hours post DF 

application as noticed in both studies indicates lower bioavailability at that moment, 

probably due to a slower percutaneous penetration compared to the other 

application modes. This direct comparison confirms the repeatability of this 

experimental design. 

 

Fig.12a       Fig.12b 
Fig.12.a, b. Colorimetric evaluation of the microcirculation: response to an MN application; 

comparison of the different application modes expressed in percentage of the standard MN response 

(∑Δa* = sum of total colour change corrected for blank values). * p < 0.05, **p < 0.001, compared 

to the standard MN response. Fig.12a. Recalculation of the Chromameter values of Lambrecht et al. 

(2006) over an observation period of 50 minutes. Fig.12b. Chromameter values of Clijsen et al. 

(2013).  
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Limitations of the present study are the lack of information on absolute DF 

quantities entering the viable skin and the fact that the methods used did not allow 

discrimination between an epidermal reservoir and a dermal reservoir. Further 

research estimating in vivo tissue concentrations after different modes of application 

are required to expand insight on the pharmacodynamics of topical applied 

substances in the physiotherapeutic practice.  

 

Research question 7 

7. Does the timing of sonophoretic application influences the availability and the 

penetration process of corticosteroids?  

 

With the last research question we evaluated to what extent the timing of 

sonophoretic application influences the bioavailability and penetration process of 

halcinonide.  For that purpose, a comparative evaluation was performed between a 

sonophoretic treatment scheduled before or simultaneously with halcinonide 

application. The initial part of the physiological blanching response was used, as an 

indicator for the penetration process of halcinonide through the SC. Our research 

could not reveal a blanching response to topical application of halcinonide of the 

skin under the condition of simultaneous ultrasound application. On the other hand, 

a significant blanching response at the skin, which was pretreated with ultrasound, 

appeared two hours after the initial application of halcinonide as evaluated during 

60 minutes.  

In other studies, the skin blanching response has been evaluated by the L* and a* 

coordinates [1] [23]. As such, a limitation of this study might be that the blanching 

response was evaluated only by means of the a* parameter. A skin blanching effect 

results in increased L* values and decreased a* values, as skin pallor becomes 
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lighter and its redness fades [127]. In this context, several authors report changes of 

the same magnitude for the L* and a* coordinates in the quantification of the 

corticosteroid-induced skin blanching effect [127] [23] [33]  

A combination of an increased exposure time with increased occlusive dressing 

enhances the treatment effect of drug application [139] [32] [132]. As such, to 

unravel the mechanisms behind the timing of ultrasound treatment, a valuation of 

the reservoir several hours after the initial application may provide additional 

information on the penetration kinetics. This corroborates our findings of an 

absence in physiological response for the simultaneous treatment mode. On the 

other hand, the presence of a blanching response 2 hours after removal of the 

occlusion indicates fast bioavailability of the corticosteroid in the viable tissues 

under the condition of pre-treatment ultrasound.  

Increased TEWL values after ultrasound treatment are an indication for alterations 

in barrier function [157]. However, in the present setting no discrimination could be 

performed between skin surface water loss due to product application (contact 

medium with or without halcinonide) and increased water flux due to ultrasound 

induced structural changes (cavities) in the stratum corneum. The short evaluation 

period of the blanching may be argued as a drawback in this setting. 

In conclusion, therapeutically applied ultrasound of 1 MHz before occluded 

corticosteroid application resulted in a significant blanching response 2 hours after 

of occlusion. Simultaneous treatment of corticosteroid application with US (as 

commonly used in physiotherapy) with removal of the contact medium immediately 

after the treatment did not result in a blanching response 2 hours after occlusion. 

This clinically implies that to physiotherapeutically deliver pharmaceutical 

substances through the skin, better results may be obtained when US is applied 

before application. Future research should focus on the effect of dose and time 
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absence in physiological response for the simultaneous treatment mode. On the 

other hand, the presence of a blanching response 2 hours after removal of the 

occlusion indicates fast bioavailability of the corticosteroid in the viable tissues 

under the condition of pre-treatment ultrasound.  

Increased TEWL values after ultrasound treatment are an indication for alterations 

in barrier function [157]. However, in the present setting no discrimination could be 

performed between skin surface water loss due to product application (contact 

medium with or without halcinonide) and increased water flux due to ultrasound 

induced structural changes (cavities) in the stratum corneum. The short evaluation 

period of the blanching may be argued as a drawback in this setting. 

In conclusion, therapeutically applied ultrasound of 1 MHz before occluded 

corticosteroid application resulted in a significant blanching response 2 hours after 

of occlusion. Simultaneous treatment of corticosteroid application with US (as 

commonly used in physiotherapy) with removal of the contact medium immediately 

after the treatment did not result in a blanching response 2 hours after occlusion. 

This clinically implies that to physiotherapeutically deliver pharmaceutical 

substances through the skin, better results may be obtained when US is applied 

before application. Future research should focus on the effect of dose and time 
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effects of US stimulation in combination with dose effects of drug delivery.  

 
 
 
 
 
 
 
 
 

6. General Conclusion and suggestions for further 
research  
 
This doctoral thesis comprises research results on physical applications in 

physiotherapy in context of the skin as a limiting barrier. Non-invasive evaluation of 

skin properties enabled to investigate the inherent physiological processes in an in 

vivo and realistic physiotherapeutic setting.  

Our research results on paraphango therapy instigated the conclusion of a 

transient temperature effect of paraphango on the skin with an increased perfusion 

of the microcirculation. The systemic (cardiovascular) effects were weak and 

remained in physiological range. Future research should focus on whether the 

systemic effects of local heat application in patients with cardiovasular 

insufficiencies are also weak and in case of clinical significance to define evidence 

based clinical guidelines. 

The experiments on the bioavailability of iontophoretic delivery of DF revealed 

no enhanced percutaneous penetration of current assisted delivery in comparison to 

the passive percutaneous penetration under the contact sponge. The contribution of 

passive penetration and occlusion can be a substantial factor in iontophoretic drug 

delivery. Consequently, to avoid overestimation of the effect of iontophoretic drug 

delivery, it is crucial that further investigations related to the penetration 

enhancement effects of current assisted drug delivery will comprise several 
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controls. In our study, the applied method did not provide the possibility to evaluate 

absolute drug quantities entering the viable dermis or deeper tissues. Further 

research with more invasive measurement procedures could focus on absolute drug 

quantities, e.g in function of time after iontophoretic drug delivery could reveal 

information on quantitative drug uptake in the target tissues.  

As opposite to an ultrasound treatment before halcinonide application on the skin, 

simultaneous administration of ultrasound with halcinonide followed by immediate 

removal of the contact medium did not result in a blanching response 2 h after the 

occlusion. This clinically implies that to physiotherapeutically deliver pharmaceutical 

substances through the skin, better results may be obtained when US is applied 

before application. Future analysis of the therapeutic effectiveness of sonophoresis 

should focus on the effect of dose and time effects of US stimulation in combination 

with dose effects of drug delivery. 

The literature study and meta-analysis on the treatment effects of iontophoresis in 

musculoskeletal disorders provided quantitative evidence that iontophoresis might 

be effective to cope with pain. However, the research designs lack solidity making it 

difficult to link the presented improvements to the iontophoresis technique per se. 

Consequently, research in this area should cover standardized and adequately 

sized RCT’s with inclusion of several controls.  

The study concerning the penetration kinetics and reservoir properties of DF after a 

single topical passive, occlusive or electrical assisted application indicated 

dependency of the formation and emptying of the reservoir on the mode of 

application. The skin reservoir properties of a topically applied substance is an 

indication for the total amount of the substance which has reached the viable 

tissues. The application with the fastest condition of reservoir accumulation may 
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result in a greater delivery of active substances to the viable tissues, consequently 

may alter the clinical outcome of the physiotherapeutic treatment.  

 

Evidenced based practice in physiotherapy is relatively new, the positive impacts of 

which are just becoming to be validated. Within the context of evidence based 

practice, continued research in physiotherapy is essential to improve the 

effectiveness of treatment strategies. In this doctoral thesis we investigated aspects 

of physiological processes related to physical applications in physiotherapy from the 

point of view of the skin as a limiting barrier. Within the paradigm of evidence based 

practice, the results of this research support the competence of the physiotherapist 

as a clinical practitioner to optimize the efficacy of his/her treatment strategies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 109 

7. References 
 
1. Aiyejusunle CB, Kola-Korolo TA, Ajiboye OA (2007) Comparison of the 

effects of tens and sodium salicylate iontophoresis in the management 
of osteoarthritis of the knee. Nigerian quarterly journal of hospital 
medicine 17 (1):30-34 

2. Akinbo SR, Aiyejusunle CB, Akinyemi OA, Adesegun SA, Danesi MA 
(2007) Comparison of the therapeutic efficacy of phonophoresis and 
iontophoresis using dexamethasone sodium phosphate in the 
management of patients with knee osteoarthritis. The Nigerian 
postgraduate medical journal 14 (3):190-194 

3. Alanen E, Wiesemann, F., Nuutinen, J. and Lahtinen, T. (2003) 
Measurement of skin hydration in the diapered area of infants with a 
closed chamber TEWL meter. . Skin Res Technol 9 (2):199 

4. Amirjani N, Ashworth NL, Watt MJ, Gordon T, Chan KM (2009) 
Corticosteroid iontophoresis to treat carpal tunnel syndrome: a double-
blind randomized controlled trial. Muscle & nerve 39 (5):627-633. 
doi:10.1002/mus.21300 

5. Andres B, Murrell G (2008) Treatment of tendinopathy: what works, what 
does not, and what is on the horizon. Clin Orthop Relat Res 466 
(7):1539-1554 

6. Badkar AV, Banga AK (2002) Electrically enhanced transdermal delivery 
of a macromolecule. The Journal of pharmacy and pharmacology 54 
(7):907-912. doi:10.1211/002235702760089018 

7. Bakhtiary AH, Fatemi E, Emami M, Malek M (2013) Phonophoresis of 
dexamethasone sodium phosphate may manage pain and symptoms of 
patients with carpal tunnel syndrome. The Clinical journal of pain 29 
(4):348-353. doi:10.1097/AJP.0b013e318255c090 

8. Banta CA (1994) A prospective, nonrandomized study of iontophoresis, 
wrist splinting, and antiinflammatory medication in the treatment of 
early-mild carpal tunnel syndrome. Journal of occupational medicine : 
official publication of the Industrial Medical Association 36 (2):166-168 

9. Barry BW (2001) Novel mechanisms and devices to enable successful 
transdermal drug delivery. European journal of pharmaceutical 
sciences : official journal of the European Federation for 
Pharmaceutical Sciences 14 (2):101-114 

10. Baskurt F, Ozcan A, Algun C (2003) Comparison of effects of 
phonophoresis and iontophoresis of naproxen in the treatment of 
lateral epicondylitis. Clinical rehabilitation 17 (1):96-100 

11. Bernard F, Marty J, Nicolas J (2003) Allergen penetration through the 
skin. European journal of dermatology : EJD 13:324–330. 

12. Bisset L, Paungmali A, Vicenzino B, Beller E (2005) A systematic review 
and meta-analysis of clinical trials on physical interventions for lateral 
epicondylalgia. British journal of sports medicine 39 (7):411-422; 
discussion 411-422. doi:10.1136/bjsm.2004.016170 

13. BlueCross BlueShield Association (BCBSA) TECT (2003) Iontophoresis 
for medical indications TEC Assessment Program. BlueCross 
BlueShield Association (BCBSA), Technology Evaluation Center (TEC). 
Chicago, IL 



Ron Clijsen
 109 

7. References 
 
1. Aiyejusunle CB, Kola-Korolo TA, Ajiboye OA (2007) Comparison of the 

effects of tens and sodium salicylate iontophoresis in the management 
of osteoarthritis of the knee. Nigerian quarterly journal of hospital 
medicine 17 (1):30-34 

2. Akinbo SR, Aiyejusunle CB, Akinyemi OA, Adesegun SA, Danesi MA 
(2007) Comparison of the therapeutic efficacy of phonophoresis and 
iontophoresis using dexamethasone sodium phosphate in the 
management of patients with knee osteoarthritis. The Nigerian 
postgraduate medical journal 14 (3):190-194 

3. Alanen E, Wiesemann, F., Nuutinen, J. and Lahtinen, T. (2003) 
Measurement of skin hydration in the diapered area of infants with a 
closed chamber TEWL meter. . Skin Res Technol 9 (2):199 

4. Amirjani N, Ashworth NL, Watt MJ, Gordon T, Chan KM (2009) 
Corticosteroid iontophoresis to treat carpal tunnel syndrome: a double-
blind randomized controlled trial. Muscle & nerve 39 (5):627-633. 
doi:10.1002/mus.21300 

5. Andres B, Murrell G (2008) Treatment of tendinopathy: what works, what 
does not, and what is on the horizon. Clin Orthop Relat Res 466 
(7):1539-1554 

6. Badkar AV, Banga AK (2002) Electrically enhanced transdermal delivery 
of a macromolecule. The Journal of pharmacy and pharmacology 54 
(7):907-912. doi:10.1211/002235702760089018 

7. Bakhtiary AH, Fatemi E, Emami M, Malek M (2013) Phonophoresis of 
dexamethasone sodium phosphate may manage pain and symptoms of 
patients with carpal tunnel syndrome. The Clinical journal of pain 29 
(4):348-353. doi:10.1097/AJP.0b013e318255c090 

8. Banta CA (1994) A prospective, nonrandomized study of iontophoresis, 
wrist splinting, and antiinflammatory medication in the treatment of 
early-mild carpal tunnel syndrome. Journal of occupational medicine : 
official publication of the Industrial Medical Association 36 (2):166-168 

9. Barry BW (2001) Novel mechanisms and devices to enable successful 
transdermal drug delivery. European journal of pharmaceutical 
sciences : official journal of the European Federation for 
Pharmaceutical Sciences 14 (2):101-114 

10. Baskurt F, Ozcan A, Algun C (2003) Comparison of effects of 
phonophoresis and iontophoresis of naproxen in the treatment of 
lateral epicondylitis. Clinical rehabilitation 17 (1):96-100 

11. Bernard F, Marty J, Nicolas J (2003) Allergen penetration through the 
skin. European journal of dermatology : EJD 13:324–330. 

12. Bisset L, Paungmali A, Vicenzino B, Beller E (2005) A systematic review 
and meta-analysis of clinical trials on physical interventions for lateral 
epicondylalgia. British journal of sports medicine 39 (7):411-422; 
discussion 411-422. doi:10.1136/bjsm.2004.016170 

13. BlueCross BlueShield Association (BCBSA) TECT (2003) Iontophoresis 
for medical indications TEC Assessment Program. BlueCross 
BlueShield Association (BCBSA), Technology Evaluation Center (TEC). 
Chicago, IL 



The skin as a barrier in fysiotherapy 110 

14. Bouwstra J, de Vries, MA, Gooris, GS, Bras, W, Brussee, J, Ponec, M, 
(1991) Thermodynamic and structural aspects of the skin barrier. J of 
Control Release 15:209-220 

15. Bouwstra JA, Dubbelaar FE, Gooris GS, Ponec M (2000) The lipid 
organisation in the skin barrier. Acta dermato-venereologica 
Supplementum 208:23-30 

16. Bouwstra JA, Honeywell-Nguyen PL, Gooris GS, Ponec M (2003) 
Structure of the skin barrier and its modulation by vesicular 
formulations. Progress in lipid research 42 (1):1-36 

17. Braverman IM (1989) Ultrastructure and organization of the cutaneous 
microvasculature in normal and pathologic states. The Journal of 
investigative dermatology 93 (2 Suppl):2S-9S 

18. Bremerich A, Wiegel W (1992) [The treatment of neuralgiform facial pains 
with the combined therapy of transcutaneous electric nerve stimulation 
(TENS) and the iontophoresis of nonsteroidal antiphlogistics]. 
Deutsche Zahn-, Mund-, und Kieferheilkunde mit Zentralblatt 80 (2):81-
84 

19. Brewer AR, McCarberg B, Argoff CE (2010) Update on the use of topical 
NSAIDs for the treatment of soft tissue and musculoskeletal pain: a 
review of recent data and current treatment options. The Physician and 
sportsmedicine 38 (2):62-70. doi:10.3810/psm.2010.06.1784 

20. Cagnie B, Vinck E, Rimbaut S, Vanderstraeten G (2003) Phonophoresis 
versus topical application of ketoprofen: comparison between tissue 
and plasma levels. Physical therapy 83 (8):707-712 

21. Caselli A, Hanane T, Jane B, Carter S, Khaodhiar L, Veves A (2003) 
Topical methyl nicotinate-induced skin vasodilation in diabetic 
neuropathy. Journal of diabetes and its complications 17 (4):205-210 

22. Chan SY, Li Wan Po A (1992) Quantitative skin blanching assay of 
corticosteroid creams using tristimulus colour analysis. The Journal of 
pharmacy and pharmacology 44 (5):371-378 

23. Chesnoy S, Doucet J, Durand D, Couarraze G (1996) Effect of 
Iontophoresis in Combination with Ionic Enhancers on the Lipid 
Structure of the Stratum Corneum: An X-ray Diffraction Study. 
Pharmaceutical research 13 (10):1581-1584 

24. Chilcott RP, Price S (eds) (2008) Principles and Practise of Skin 
Toxicology. John Wiley & Sons, Ltd, Chichester, UK.,  

25. Chipchase LS, Williams MT, Robertson VJ (2009) A national study of the 
availability and use of electrophysical agents by Australian 
physiotherapists. Physiotherapy theory and practice 25 (4):279-296. 
doi:10.1080/09593980902782611 

26. Choi EH, Lee SH, Ahn SK, Hwang SM (1999) The pretreatment effect of 
chemical skin penetration enhancers in transdermal drug delivery 
using iontophoresis. Skin pharmacology and applied skin physiology 
12 (6):326-335. doi:29894 

27. Ciccone CD, Leggin BG, Callamaro JJ (1991) Effects of ultrasound and 
trolamine salicylate phonophoresis on delayed-onset muscle soreness. 
Physical therapy 71 (9):666-675; discussion 675-668 

28. Clarys P, Alewaeters K, Lambrecht R, Barel AO (2000) Skin color 
measurements: comparison between three instruments: the 
Chromameter(R), the DermaSpectrometer(R) and the Mexameter(R). 
Skin Res Technol 6 (4):230-238 

 111 

29. Clarys P, Barel AO, Gabard B (1993a) Objective evaluation of the skin 
blanching induced by corticosteroids, Influence of corticoid 
concentration and boby region. In: Brain RCJ, J.V.; Walters, K.A. (ed) 
Prediction of Percutaneous Penetration Methods, Measurements, 
Modelling., vol 3b. STS Publishing Gardiff, pp 502-509 

30. Clarys P, Buchet E, Gabard B, Barel AO (1991) Evaluation of different 
topical vasodillatory products with non-invasive techniques. In: Scott 
RC, Guy RH, Hadgraft J, Boddé HE (eds) Prediction of Percutaneous 
Penetration Methods, Measurements, Modelling., vol 2. IBC Technical 
Services Ltd., , London, pp 46-59 

31. Clarys P, Gabard B, Barel AO (1999) A qualitative estimate of the 
influence of halcinonide concentration and urea on the reservoir 
formation in the stratum corneum. Skin pharmacology and applied skin 
physiology 12 (1-2):85-89. doi:29849 

32. Clarys P, Wets L, Barel A, Gabard B (1995) The skin blanching assay with 
halcinonide, influence of halcinonide concentration and application 
time. Journal of the European Academy of Dermatology and 
Venereology 5 (3):250–257 

33. Clarys PM, I. Barel, A.O. (1997) Relationship between anatomical skin site 
and response to halcinonide  and methyl nicotinate studies by 
bioengineering techniques. Skin Res Tech 3:161-168 

34. Clijsen R, Baeyens JP, Barel AO, Clarys P (2013) Influence of the timing 
of ultrasound application on the penetration of corticosteroids. Skin 
Res Technol 19 (1):e279-282. doi:10.1111/j.1600-0846.2012.00639.x 

35. Cohen JC, Hartman DG, Garofalo MJ, Basehoar A, Raynor B, Ashbrenner 
E, Akin FJ (2009) Comparison of closed chamber and open chamber 
evaporimetry. Skin Res Technol 15 (1):51-54. doi:10.1111/j.1600-
0846.2008.00334.x 

36. Costello CT, Jeske AH (1995) Iontophoresis: applications in transdermal 
medication delivery. Physical therapy 75 (6):554-563 

37. Crawford F, Thomson CE (2010) Interventions for treating plantar heel 
pain. Cochrane Database Syst Rev (1):CD000416. 
doi:10.1002/14651858.CD000416.pub2 

38. Cross SE, Roberts MS (2000) The effect of occlusion on epidermal 
penetration of parabens from a commercial allergy test ointment, 
acetone and ethanol vehicles. The Journal of investigative dermatology 
115 (5):914-918. doi:10.1046/j.1523-1747.2000.00151.x 

39. Curdy C, Kalia YN, Naik A, Guy RH (2001) Piroxicam delivery into human 
stratum corneum in vivo: iontophoresis versus passive diffusion. 
Journal of controlled release : official journal of the Controlled Release 
Society 76 (1-2):73-79 

40. Dakowicz A, Latosiewicz R (2005) The value of iontophoresis combined 
with ultrasound in patients with the carpal tunnel syndrome. Rocz Akad 
Med Bialymst 50 Suppl 1:196-198 

41. De Paepe K, Houben E, Adam R, Wiesemann F, Rogiers V (2005) 
Validation of the VapoMeter, a closed unventilated chamber system to 
assess transepidermal water loss vs. the open chamber Tewameter. 
Skin Res Technol 11 (1):61-69. doi:10.1111/j.1600-0846.2005.00101.x 

 
 



Ron Clijsen 110 

14. Bouwstra J, de Vries, MA, Gooris, GS, Bras, W, Brussee, J, Ponec, M, 
(1991) Thermodynamic and structural aspects of the skin barrier. J of 
Control Release 15:209-220 

15. Bouwstra JA, Dubbelaar FE, Gooris GS, Ponec M (2000) The lipid 
organisation in the skin barrier. Acta dermato-venereologica 
Supplementum 208:23-30 

16. Bouwstra JA, Honeywell-Nguyen PL, Gooris GS, Ponec M (2003) 
Structure of the skin barrier and its modulation by vesicular 
formulations. Progress in lipid research 42 (1):1-36 

17. Braverman IM (1989) Ultrastructure and organization of the cutaneous 
microvasculature in normal and pathologic states. The Journal of 
investigative dermatology 93 (2 Suppl):2S-9S 

18. Bremerich A, Wiegel W (1992) [The treatment of neuralgiform facial pains 
with the combined therapy of transcutaneous electric nerve stimulation 
(TENS) and the iontophoresis of nonsteroidal antiphlogistics]. 
Deutsche Zahn-, Mund-, und Kieferheilkunde mit Zentralblatt 80 (2):81-
84 

19. Brewer AR, McCarberg B, Argoff CE (2010) Update on the use of topical 
NSAIDs for the treatment of soft tissue and musculoskeletal pain: a 
review of recent data and current treatment options. The Physician and 
sportsmedicine 38 (2):62-70. doi:10.3810/psm.2010.06.1784 

20. Cagnie B, Vinck E, Rimbaut S, Vanderstraeten G (2003) Phonophoresis 
versus topical application of ketoprofen: comparison between tissue 
and plasma levels. Physical therapy 83 (8):707-712 

21. Caselli A, Hanane T, Jane B, Carter S, Khaodhiar L, Veves A (2003) 
Topical methyl nicotinate-induced skin vasodilation in diabetic 
neuropathy. Journal of diabetes and its complications 17 (4):205-210 

22. Chan SY, Li Wan Po A (1992) Quantitative skin blanching assay of 
corticosteroid creams using tristimulus colour analysis. The Journal of 
pharmacy and pharmacology 44 (5):371-378 

23. Chesnoy S, Doucet J, Durand D, Couarraze G (1996) Effect of 
Iontophoresis in Combination with Ionic Enhancers on the Lipid 
Structure of the Stratum Corneum: An X-ray Diffraction Study. 
Pharmaceutical research 13 (10):1581-1584 

24. Chilcott RP, Price S (eds) (2008) Principles and Practise of Skin 
Toxicology. John Wiley & Sons, Ltd, Chichester, UK.,  

25. Chipchase LS, Williams MT, Robertson VJ (2009) A national study of the 
availability and use of electrophysical agents by Australian 
physiotherapists. Physiotherapy theory and practice 25 (4):279-296. 
doi:10.1080/09593980902782611 

26. Choi EH, Lee SH, Ahn SK, Hwang SM (1999) The pretreatment effect of 
chemical skin penetration enhancers in transdermal drug delivery 
using iontophoresis. Skin pharmacology and applied skin physiology 
12 (6):326-335. doi:29894 

27. Ciccone CD, Leggin BG, Callamaro JJ (1991) Effects of ultrasound and 
trolamine salicylate phonophoresis on delayed-onset muscle soreness. 
Physical therapy 71 (9):666-675; discussion 675-668 

28. Clarys P, Alewaeters K, Lambrecht R, Barel AO (2000) Skin color 
measurements: comparison between three instruments: the 
Chromameter(R), the DermaSpectrometer(R) and the Mexameter(R). 
Skin Res Technol 6 (4):230-238 

 111 

29. Clarys P, Barel AO, Gabard B (1993a) Objective evaluation of the skin 
blanching induced by corticosteroids, Influence of corticoid 
concentration and boby region. In: Brain RCJ, J.V.; Walters, K.A. (ed) 
Prediction of Percutaneous Penetration Methods, Measurements, 
Modelling., vol 3b. STS Publishing Gardiff, pp 502-509 

30. Clarys P, Buchet E, Gabard B, Barel AO (1991) Evaluation of different 
topical vasodillatory products with non-invasive techniques. In: Scott 
RC, Guy RH, Hadgraft J, Boddé HE (eds) Prediction of Percutaneous 
Penetration Methods, Measurements, Modelling., vol 2. IBC Technical 
Services Ltd., , London, pp 46-59 

31. Clarys P, Gabard B, Barel AO (1999) A qualitative estimate of the 
influence of halcinonide concentration and urea on the reservoir 
formation in the stratum corneum. Skin pharmacology and applied skin 
physiology 12 (1-2):85-89. doi:29849 

32. Clarys P, Wets L, Barel A, Gabard B (1995) The skin blanching assay with 
halcinonide, influence of halcinonide concentration and application 
time. Journal of the European Academy of Dermatology and 
Venereology 5 (3):250–257 

33. Clarys PM, I. Barel, A.O. (1997) Relationship between anatomical skin site 
and response to halcinonide  and methyl nicotinate studies by 
bioengineering techniques. Skin Res Tech 3:161-168 

34. Clijsen R, Baeyens JP, Barel AO, Clarys P (2013) Influence of the timing 
of ultrasound application on the penetration of corticosteroids. Skin 
Res Technol 19 (1):e279-282. doi:10.1111/j.1600-0846.2012.00639.x 

35. Cohen JC, Hartman DG, Garofalo MJ, Basehoar A, Raynor B, Ashbrenner 
E, Akin FJ (2009) Comparison of closed chamber and open chamber 
evaporimetry. Skin Res Technol 15 (1):51-54. doi:10.1111/j.1600-
0846.2008.00334.x 

36. Costello CT, Jeske AH (1995) Iontophoresis: applications in transdermal 
medication delivery. Physical therapy 75 (6):554-563 

37. Crawford F, Thomson CE (2010) Interventions for treating plantar heel 
pain. Cochrane Database Syst Rev (1):CD000416. 
doi:10.1002/14651858.CD000416.pub2 

38. Cross SE, Roberts MS (2000) The effect of occlusion on epidermal 
penetration of parabens from a commercial allergy test ointment, 
acetone and ethanol vehicles. The Journal of investigative dermatology 
115 (5):914-918. doi:10.1046/j.1523-1747.2000.00151.x 

39. Curdy C, Kalia YN, Naik A, Guy RH (2001) Piroxicam delivery into human 
stratum corneum in vivo: iontophoresis versus passive diffusion. 
Journal of controlled release : official journal of the Controlled Release 
Society 76 (1-2):73-79 

40. Dakowicz A, Latosiewicz R (2005) The value of iontophoresis combined 
with ultrasound in patients with the carpal tunnel syndrome. Rocz Akad 
Med Bialymst 50 Suppl 1:196-198 

41. De Paepe K, Houben E, Adam R, Wiesemann F, Rogiers V (2005) 
Validation of the VapoMeter, a closed unventilated chamber system to 
assess transepidermal water loss vs. the open chamber Tewameter. 
Skin Res Technol 11 (1):61-69. doi:10.1111/j.1600-0846.2005.00101.x 

 
 



The skin as a barrier in fysiotherapy 112 

42. Del Valle ME, Cobo T, Cobo JL, Vega JA (2012) Mechanosensory 
neurons, cutaneous mechanoreceptors, and putative mechanoproteins. 
Microscopy research and technique 75 (8):1033-1043. 
doi:10.1002/jemt.22028 

43. Demirtas RN, Oner C (1998) The treatment of lateral epicondylitis by 
iontophoresis of sodium salicylate and sodium diclofenac. Clinical 
rehabilitation 12 (1):23-29 

44. Dhote V, Bhatnagar P, Mishra PK, Mahajan SC, Mishra DK (2012) 
Iontophoresis: a potential emergence of a transdermal drug delivery 
system. Scientia pharmaceutica 80 (1):1-28. doi:10.3797/scipharm.1108-
20 

45. Diehl P, Gerdesmeyer L, Schauwecker J, Kreuz PC, Gollwitzer H, Tischer 
T (2013) [Conservative therapy of osteoarthritis]. Der Orthopade 42 
(2):125-139. doi:10.1007/s00132-012-2016-6 

46. Dixit N, Bali V, Baboota S, Ahuja A, Ali J (2007) Iontophoresis - an 
approach for controlled drug delivery: a review. Current drug delivery 4 
(1):1-10 

47. Duteil L, Queille C, Poncet M, Czernielewski J (1991) Processing and 
statistical analysis of laser Doppler data applied to the assessment of 
systemic anti-inflammatory drugs. Journal of dermatological science 2 
(5):376-382 

48. Duteil L, Queille C, Poncet M, Ortonne JP, Czernielewski J (1990) 
Objective assessment of topical corticosteroids and non-steroidal anti-
inflammatory drugs in methyl-nicotinate-induced skin inflammation. 
Clinical and experimental dermatology 15 (3):195-199 

49. Egger C, Taeymans J, Clarys P (2003) Wärme und Kreislauf-Einfluss 
einer 21-minütigen Wärmeapplikation auf den Blutdruck und die 
Herzfrequenz. Fisioactive 5:5-13 

50. Elias P (1991) Epidermal barrier function: intercellular lamellar lipid 
structures, origin, composition and metabolism. Journal of controlled 
release : official journal of the Controlled Release Society 15:199-208 

51. Elias PM, Friend DS (1975) The permeability barrier in mammalian 
epidermis. The Journal of cell biology 65 (1):180-191 

52. Erasala G, Rubin J, ., Tuthill T, Fowlkes J, de Drue S, Hengehold D (2001) 
The effect of topical heat treatment on trapezius muscle blood flow 
using power Doppler ultrasound. APTA Physical Therapy 81 (a5) 

53. Essex TJ, Byrne PO (1991) A laser Doppler scanner for imaging blood 
flow in skin. Journal of biomedical engineering 13 (3):189-194 

54. Fang J, Wang R, Huang Y, Wu PC, Tsai Y (2000) Passive and 
iontophoretic delivery of three diclofenac salts across various skin 
types. Biological & pharmaceutical bulletin 23 (11):1357-1362 

55. Flynn G, Stewart B (1988) Percutaneous drug penetration: Choosing 
Candidates for Transdermal Development. . Drug Dev Res 13:169-185 

56. Forslind B (1994) A domain mosaic model of the skin barrier. Acta 
dermato-venereologica 74 (1):1-6 

57. Frosch PJ, Kligman AM (1993) Noninvasive Methods for the 
Quantification of Skin Functions:An Update on Methodology and 
Clinical Applications. Springer-Verlag GmbH,  

 
 

 113 

58. Gam AN, Johannsen F (1995) Ultrasound therapy in musculoskeletal 
disorders: a meta-analysis. Pain 63 (1):85-91 

59. Godin B, Touitou E (2007) Transdermal skin delivery: predictions for 
humans from in vivo, ex vivo and animal models. Advanced drug 
delivery reviews 59 (11):1152-1161. doi:10.1016/j.addr.2007.07.004 

60. Gokoglu F, Fndkoglu G, Yorgancoglu ZR, Okumus M, Ceceli E, Kocaoglu 
S (2005) Evaluation of iontophoresis and local corticosteroid injection 
in the treatment of carpal tunnel syndrome. American journal of 
physical medicine & rehabilitation / Association of Academic 
Physiatrists 84 (2):92-96 

61. Gordon DB (2011) Topical NSAIDs provide effective relief of acute 
musculoskeletal pain compared to placebo, with no increase in risk of 
adverse effects. Evidence-based nursing 14 (1):23-24. 
doi:10.1136/ebn.14.1.23 

62. Grubauer G, Elias PM, Feingold KR (1989) Transepidermal water loss: the 
signal for recovery of barrier structure and function. Journal of lipid 
research 30 (3):323-333 

63. Gudeman SD, Eisele SA, Heidt RS, Jr., Colosimo AJ, Stroupe AL (1997) 
Treatment of plantar fasciitis by iontophoresis of 0.4% dexamethasone. 
A randomized, double-blind, placebo-controlled study. The American 
journal of sports medicine 25 (3):312-316 

64. Guy RH, Hadgraft J (1988) Physicochemical aspects of percutaneous 
penetration and its enhancement. Pharmaceutical research 5 (12):753-
758 

65. Guy RH, Wester RC, Tur E, Maibach HI (1983) Noninvasive assessments 
of the percutaneous absorption of methyl nicotinate in humans. Journal 
of pharmaceutical sciences 72 (9):1077-1079 

66. Hadgraft J (2004) Skin deep. European journal of pharmaceutics and 
biopharmaceutics : official journal of Arbeitsgemeinschaft fur 
Pharmazeutische Verfahrenstechnik eV 58 (2):291-299. 
doi:10.1016/j.ejpb.2004.03.002 

67. Haigh JMM, E. Smith, E.W. Kanfer, I (1997) The human skin blanching 
assay for in vivo topical corticosteroid assessment I. Reproducibility of 
the assay. International journal of pharmaceutics 152:179-183 

68. Hendricks H, Verbeek A, van de Putte L, Vermeulen R (1992) Effect van 
dexamethason-iontoforese bij patienten met tendopathien. Dutch 
Journal of Physical Therapy 102:198-207 

69. Herwadkar A, Sachdeva V, Taylor LF, Silver H, Banga AK (2012) Low 
frequency sonophoresis mediated transdermal and intradermal delivery 
of ketoprofen. International journal of pharmaceutics 423 (2):289-296. 
doi:10.1016/j.ijpharm.2011.11.041 

70. Higgs JR, K. Ellis, E. (2001) Portrait of the Physiotherapy profession. 
Journal of interprofessional care 15 (1):80-89 

71. Hsieh YL (2006) Effects of ultrasound and diclofenac phonophoresis on 
inflammatory pain relief: suppression of inducible nitric oxide synthase 
in arthritic rats. Physical therapy 86 (1):39-49 

72. Hui X, Anigbogu A, Singh P, Xiong G, Poblete N, Liu P, Maibach HI (2001) 
Pharmacokinetic and local tissue disposition of [14C]sodium diclofenac 
following iontophoresis and systemic administration in rabbits. Journal 
of pharmaceutical sciences 90 (9):1269-1276 



Ron Clijsen 113 

58. Gam AN, Johannsen F (1995) Ultrasound therapy in musculoskeletal 
disorders: a meta-analysis. Pain 63 (1):85-91 

59. Godin B, Touitou E (2007) Transdermal skin delivery: predictions for 
humans from in vivo, ex vivo and animal models. Advanced drug 
delivery reviews 59 (11):1152-1161. doi:10.1016/j.addr.2007.07.004 

60. Gokoglu F, Fndkoglu G, Yorgancoglu ZR, Okumus M, Ceceli E, Kocaoglu 
S (2005) Evaluation of iontophoresis and local corticosteroid injection 
in the treatment of carpal tunnel syndrome. American journal of 
physical medicine & rehabilitation / Association of Academic 
Physiatrists 84 (2):92-96 

61. Gordon DB (2011) Topical NSAIDs provide effective relief of acute 
musculoskeletal pain compared to placebo, with no increase in risk of 
adverse effects. Evidence-based nursing 14 (1):23-24. 
doi:10.1136/ebn.14.1.23 

62. Grubauer G, Elias PM, Feingold KR (1989) Transepidermal water loss: the 
signal for recovery of barrier structure and function. Journal of lipid 
research 30 (3):323-333 

63. Gudeman SD, Eisele SA, Heidt RS, Jr., Colosimo AJ, Stroupe AL (1997) 
Treatment of plantar fasciitis by iontophoresis of 0.4% dexamethasone. 
A randomized, double-blind, placebo-controlled study. The American 
journal of sports medicine 25 (3):312-316 

64. Guy RH, Hadgraft J (1988) Physicochemical aspects of percutaneous 
penetration and its enhancement. Pharmaceutical research 5 (12):753-
758 

65. Guy RH, Wester RC, Tur E, Maibach HI (1983) Noninvasive assessments 
of the percutaneous absorption of methyl nicotinate in humans. Journal 
of pharmaceutical sciences 72 (9):1077-1079 

66. Hadgraft J (2004) Skin deep. European journal of pharmaceutics and 
biopharmaceutics : official journal of Arbeitsgemeinschaft fur 
Pharmazeutische Verfahrenstechnik eV 58 (2):291-299. 
doi:10.1016/j.ejpb.2004.03.002 

67. Haigh JMM, E. Smith, E.W. Kanfer, I (1997) The human skin blanching 
assay for in vivo topical corticosteroid assessment I. Reproducibility of 
the assay. International journal of pharmaceutics 152:179-183 

68. Hendricks H, Verbeek A, van de Putte L, Vermeulen R (1992) Effect van 
dexamethason-iontoforese bij patienten met tendopathien. Dutch 
Journal of Physical Therapy 102:198-207 

69. Herwadkar A, Sachdeva V, Taylor LF, Silver H, Banga AK (2012) Low 
frequency sonophoresis mediated transdermal and intradermal delivery 
of ketoprofen. International journal of pharmaceutics 423 (2):289-296. 
doi:10.1016/j.ijpharm.2011.11.041 

70. Higgs JR, K. Ellis, E. (2001) Portrait of the Physiotherapy profession. 
Journal of interprofessional care 15 (1):80-89 

71. Hsieh YL (2006) Effects of ultrasound and diclofenac phonophoresis on 
inflammatory pain relief: suppression of inducible nitric oxide synthase 
in arthritic rats. Physical therapy 86 (1):39-49 

72. Hui X, Anigbogu A, Singh P, Xiong G, Poblete N, Liu P, Maibach HI (2001) 
Pharmacokinetic and local tissue disposition of [14C]sodium diclofenac 
following iontophoresis and systemic administration in rabbits. Journal 
of pharmaceutical sciences 90 (9):1269-1276 



The skin as a barrier in fysiotherapy 114 

73. Iwai I, Han H, den Hollander L, Svensson S, Ofverstedt LG, Anwar J, 
Brewer J, Bloksgaard M, Laloeuf A, Nosek D, Masich S, Bagatolli LA, 
Skoglund U, Norlen L (2012) The human skin barrier is organized as 
stacked bilayers of fully extended ceramides with cholesterol 
molecules associated with the ceramide sphingoid moiety. The Journal 
of investigative dermatology 132 (9):2215-2225. doi:10.1038/jid.2012.43 

74. Johansson J, Lahti A (1988) Topical non-steroidal anti-inflammatory 
drugs inhibit non-immunologic immediate contact reactions. Contact 
dermatitis 19 (3):161-165 

75. Johnson GW, Cadwallader K, Scheffel SB, Epperly TD (2007) Treatment 
of lateral epicondylitis. American family physician 76 (6):843-848 

76. Junqueiria LCJ (ed) (2003.) Basic Histology, vol tenth edition. Lange 
Medical Books McGraw-Hill,  

77. Kanikkannan N (2002) Iontophoresis-based transdermal delivery 
systems. BioDrugs : clinical immunotherapeutics, biopharmaceuticals 
and gene therapy 16 (5):339-347 

78. Kellogg DL, Jr. (2006) In vivo mechanisms of cutaneous vasodilation and 
vasoconstriction in humans during thermoregulatory challenges. J 
Appl Physiol 100 (5):1709-1718. doi:10.1152/japplphysiol.01071.2005 

79. Kelly G (2006) "Body temperature variability (Part 1): a review of the 
history of body temperature and its variability due to site selection, 
biological rhythms, fitness, and aging". Alternative medicine review : a 
journal of clinical therapeutic 11 (4):278-293 

80. Kelly G (2007) „Body temperature variability (Part 2): masking influences 
of body temperature variability and a review of body temperature 
variability in disease". Alternative medicine review : a journal of clinical 
therapeutic 12 (1):49-62 

81. Knorr F, Lademann J, Patzelt A, Sterry W, Blume-Peytavi U, Vogt A (2009) 
Follicular transport route--research progress and future perspectives. 
European journal of pharmaceutics and biopharmaceutics : official 
journal of Arbeitsgemeinschaft fur Pharmazeutische Verfahrenstechnik 
eV 71 (2):173-180. doi:10.1016/j.ejpb.2008.11.001 

82. Koivukangas V, Oikarinen A, Salmela PI, Lahti A (2000) Microcirculatory 
response of skin to benzoic acid and methyl nicotinate in patients with 
diabetes. Diabetic medicine : a journal of the British Diabetic 
Association 17 (2):130-133 

83. Kozanoglu E, Basaran S, Guzel R, Guler-Uysal F (2003) Short term 
efficacy of ibuprofen phonophoresis versus continuous ultrasound 
therapy in knee osteoarthritis. Swiss medical weekly 133 (23-24):333-
338. doi:2003/23/smw-10210 

84. Kuss O, Diepgen TL (1998) Proper statistical analysis of transepidermal 
water loss (TEWL) measurements in bioengineering studies. Contact 
dermatitis 39 (2):64-67 

85. Lahti A, Kopola H, Harila A, Myllyla R, Hannuksela M (1993) Assessment 
of skin erythema by eye, laser Doppler flowmeter, spectroradiometer, 
two-channel erythema meter and Minolta chroma meter. Archives of 
dermatological research 285 (5):278-282 

86. Lambrecht R, Clarys P, Clijsen R, Barel AO (2006) Determination of the in 
vivo bioavailability of iontophoretically delivered diclofenac using a 
methyl nicotinate skin inflammation assay. Skin Res Technol 12 (3):211-
216. doi:10.1111/j.0909-752X.2006.00161.x 

 115 

87. Leduc BE, Caya J, Tremblay S, Bureau NJ, Dumont M (2003) Treatment of 
calcifying tendinitis of the shoulder by acetic acid iontophoresis: a 
double-blind randomized controlled trial. Archives of physical medicine 
and rehabilitation 84 (10):1523-1527 

88. Lee SH, Jeong SK, Ahn SK (2006) An update of the defensive barrier 
function of skin. Yonsei Med J 47 (3):293-306 

89. Levy D, Kost J, Meshulam Y, Langer R (1989) Effect of ultrasound on 
transdermal drug delivery to rats and guinea pigs. The Journal of 
clinical investigation 83 (6):2074-2078. doi:10.1172/JCI114119 

90. Lionberger DR, Brennan MJ (2010) Topical nonsteroidal anti-
inflammatory drugs for the treatment of pain due to soft tissue injury: 
diclofenac epolamine topical patch. Journal of pain research 3:223-233. 
doi:10.2147/JPR.S13238 

91. Lippold BC (1984) Eine Einführung zu den wichtigsten Arzneiformen. 
Biopharmazie. WVG, Stuttgart 

92. Machen J, Whitefield M (2002) Efficacy of a proprietary ibuprofen gel in 
soft tissue injuries: a randomised, double-blind, placebo-controlled 
study. International journal of clinical practice 56 (2):102-106 

93. Mason L, Moore RA, Edwards JE, Derry S, McQuay HJ (2004) Topical 
NSAIDs for chronic musculoskeletal pain: systematic review and meta-
analysis. BMC musculoskeletal disorders 5:28. doi:10.1186/1471-2474-
5-28 

94. Matthews B, Vongsavan N (1993) Advantages and limitations of laser 
Doppler flow meters. International endodontic journal 26 (1):9-10 

95. McCarberg BH, Argoff CE (2010) Topical diclofenac epolamine patch 
1.3% for treatment of acute pain caused by soft tissue injury. 
International journal of clinical practice 64 (11):1546-1553. 
doi:10.1111/j.1742-1241.2010.02474.x 

96. McElnay JC, Matthews MP, Harland R, McCafferty DF (1985) The effect of 
ultrasound on the percutaneous absorption of lignocaine. British 
journal of clinical pharmacology 20 (4):421-424 

97. McKenzie A, Stoughton R (1962) Method for comparing percutaeous 
absorption of steroids. Archives of dermatology 86:608-610 

98. McLafferty E, Hendry C, Alistair F (2012) The integumentary system: 
anatomy, physiology and function of skin. Nurs Stand 27 (3):35-42 

99. Meidan VM, Bonner MC, Michniak BB (2005) Transfollicular drug 
delivery--is it a reality? International journal of pharmaceutics 306 (1-
2):1-14. doi:10.1016/j.ijpharm.2005.09.025 

100. Melzack R, Wall PD (1965) Pain mechanisms: a new theory. Science 150 
(3699):971-979 

101. Mense S (2001) [Pathophysiology of low back pain and the transition to 
the chronic state - experimental data and new concepts]. Schmerz 15 
(6):413-417. doi:10.1007/s004820100025 

102. Merino G, Kalia YN, Delgado-Charro MB, Potts RO, Guy RH (2003) 
Frequency and thermal effects on the enhancement of transdermal 
transport by sonophoresis. Journal of controlled release : official 
journal of the Controlled Release Society 88 (1):85-94 

103. Mitragotri S, Blankschtein D, Langer R (1996) Transdermal drug delivery 
using low-frequency sonophoresis. Pharmaceutical research 13 (3):411-
420 



Ron Clijsen 115 

87. Leduc BE, Caya J, Tremblay S, Bureau NJ, Dumont M (2003) Treatment of 
calcifying tendinitis of the shoulder by acetic acid iontophoresis: a 
double-blind randomized controlled trial. Archives of physical medicine 
and rehabilitation 84 (10):1523-1527 

88. Lee SH, Jeong SK, Ahn SK (2006) An update of the defensive barrier 
function of skin. Yonsei Med J 47 (3):293-306 

89. Levy D, Kost J, Meshulam Y, Langer R (1989) Effect of ultrasound on 
transdermal drug delivery to rats and guinea pigs. The Journal of 
clinical investigation 83 (6):2074-2078. doi:10.1172/JCI114119 

90. Lionberger DR, Brennan MJ (2010) Topical nonsteroidal anti-
inflammatory drugs for the treatment of pain due to soft tissue injury: 
diclofenac epolamine topical patch. Journal of pain research 3:223-233. 
doi:10.2147/JPR.S13238 

91. Lippold BC (1984) Eine Einführung zu den wichtigsten Arzneiformen. 
Biopharmazie. WVG, Stuttgart 

92. Machen J, Whitefield M (2002) Efficacy of a proprietary ibuprofen gel in 
soft tissue injuries: a randomised, double-blind, placebo-controlled 
study. International journal of clinical practice 56 (2):102-106 

93. Mason L, Moore RA, Edwards JE, Derry S, McQuay HJ (2004) Topical 
NSAIDs for chronic musculoskeletal pain: systematic review and meta-
analysis. BMC musculoskeletal disorders 5:28. doi:10.1186/1471-2474-
5-28 

94. Matthews B, Vongsavan N (1993) Advantages and limitations of laser 
Doppler flow meters. International endodontic journal 26 (1):9-10 

95. McCarberg BH, Argoff CE (2010) Topical diclofenac epolamine patch 
1.3% for treatment of acute pain caused by soft tissue injury. 
International journal of clinical practice 64 (11):1546-1553. 
doi:10.1111/j.1742-1241.2010.02474.x 

96. McElnay JC, Matthews MP, Harland R, McCafferty DF (1985) The effect of 
ultrasound on the percutaneous absorption of lignocaine. British 
journal of clinical pharmacology 20 (4):421-424 

97. McKenzie A, Stoughton R (1962) Method for comparing percutaeous 
absorption of steroids. Archives of dermatology 86:608-610 

98. McLafferty E, Hendry C, Alistair F (2012) The integumentary system: 
anatomy, physiology and function of skin. Nurs Stand 27 (3):35-42 

99. Meidan VM, Bonner MC, Michniak BB (2005) Transfollicular drug 
delivery--is it a reality? International journal of pharmaceutics 306 (1-
2):1-14. doi:10.1016/j.ijpharm.2005.09.025 

100. Melzack R, Wall PD (1965) Pain mechanisms: a new theory. Science 150 
(3699):971-979 

101. Mense S (2001) [Pathophysiology of low back pain and the transition to 
the chronic state - experimental data and new concepts]. Schmerz 15 
(6):413-417. doi:10.1007/s004820100025 

102. Merino G, Kalia YN, Delgado-Charro MB, Potts RO, Guy RH (2003) 
Frequency and thermal effects on the enhancement of transdermal 
transport by sonophoresis. Journal of controlled release : official 
journal of the Controlled Release Society 88 (1):85-94 

103. Mitragotri S, Blankschtein D, Langer R (1996) Transdermal drug delivery 
using low-frequency sonophoresis. Pharmaceutical research 13 (3):411-
420 



The skin as a barrier in fysiotherapy 116 

104. Mitragotri S, Edwards DA, Blankschtein D, Langer R (1995) A 
mechanistic study of ultrasonically-enhanced transdermal drug 
delivery. Journal of pharmaceutical sciences 84 (6):697-706 

105. Mitragotri S, Kost J (2000) Low-frequency sonophoresis: a noninvasive 
method of drug delivery and diagnostics. Biotechnology progress 16 
(3):488-492. doi:10.1021/bp000024+ 

106. Morrow JD, Awad JA, Oates JA, Roberts LJ, 2nd (1992) Identification of 
skin as a major site of prostaglandin D2 release following oral 
administration of niacin in humans. The Journal of investigative 
dermatology 98 (5):812-815 

107. Mündlein M, Nicolics J, Aghzout A, Hanreich G, Chabicovsky R, Morris J 
(eds) (2003) "Investigation of Conductive Adhesives". sensor & 
packaging. ÖVE, Wien 

108. Nadler SF, Weingand K, Kruse RJ (2004) The physiologic basis and 
clinical applications of cryotherapy and thermotherapy for the pain 
practitioner. Pain physician 7 (3):395-399 

109. Neeter C, Thomee R, Silbernagel KG, Thomee P, Karlsson J (2003) 
Iontophoresis with or without dexamethazone in the treatment of acute 
Achilles tendon pain. Scandinavian journal of medicine & science in 
sports 13 (6):376-382 

110. Nilsson GE (1977) Measurement of water exchange through skin. Medical 
& biological engineering & computing 15 (3):209-218 

111. Nirschl RP, Rodin DM, Ochiai DH, Maartmann-Moe C (2003) Iontophoretic 
administration of dexamethasone sodium phosphate for acute 
epicondylitis. A randomized, double-blinded, placebo-controlled study. 
The American journal of sports medicine 31 (2):189-195 

112. Norlen L (2001) Skin barrier structure and function: the single gel phase 
model. The Journal of investigative dermatology 117 (4):830-836. 
doi:10.1046/j.0022-202x.2001.01445.x 

113. Nybo L (2008) Hyperthermia and fatigue. J Appl Physiol 104 (3):871-878. 
doi:10.1152/japplphysiol.00910.2007 

114. Oosterveld FG, Rasker JJ, Jacobs JW, Overmars HJ (1992) The effect of 
local heat and cold therapy on the intraarticular and skin surface 
temperature of the knee. Arthritis and rheumatism 35 (2):146-151 

115. Osborne HR, Allison GT (2006) Treatment of plantar fasciitis by LowDye 
taping and iontophoresis: short term results of a double blinded, 
randomised, placebo controlled clinical trial of dexamethasone and 
acetic acid. British journal of sports medicine 40 (6):545-549; 
discussion 549. doi:10.1136/bjsm.2005.021758 

116. Panus PC, Ferslew KE, Tober-Meyer B, Kao RL (1999) Ketoprofen tissue 
permeation in swine following cathodic iontophoresis. Physical therapy 
79 (1):40-49 

117. Pelchrzim R, Weigmann HJ, Schaefer H, Hagemeister T, Linscheid M, 
Shah VP, Sterry W, Lademann J (2004) Determination of the formation 
of the stratum corneum reservoir for two different corticosteroid 
formulations using tape stripping combined with UV/VIS spectroscopy. 
Journal der Deutschen Dermatologischen Gesellschaft = Journal of the 
German Society of Dermatology : JDDG 2 (11):914-919 

 
 

 117 

118. Perron M, Malouin F (1997) Acetic acid iontophoresis and ultrasound for 
the treatment of calcifying tendinitis of the shoulder: a randomized 
control trial. Archives of physical medicine and rehabilitation 78 
(4):379-384 

119. Petersen B, Rovati S (2009) Diclofenac epolamine (Flector) patch: 
evidence for topical activity. Clinical drug investigation 29 (1):1-9. 
doi:10.2165/0044011-200929010-00001 

120. Pierre MB, Dos Santos Miranda Costa I (2011) Liposomal systems as 
drug delivery vehicles for dermal and transdermal applications. 
Archives of dermatological research 303 (9):607-621. 
doi:10.1007/s00403-011-1166-4 

121. Poensin D, Carpentier PH, Fechoz C, Gasparini S (2003) Effects of mud 
pack treatment on skin microcirculation. Joint, bone, spine : revue du 
rhumatisme 70 (5):367-370 

122. Poet TS, McDougal JN (2002) Skin absorption and human risk 
assessment. Chemico-biological interactions 140 (1):19-34 

123. Polat BE, Hart D, Langer R, Blankschtein D (2011) Ultrasound-mediated 
transdermal drug delivery: mechanisms, scope, and emerging trends. 
Journal of controlled release : official journal of the Controlled Release 
Society 152 (3):330-348. doi:10.1016/j.jconrel.2011.01.006 

124. Pope G, Mockett S, Wright J (1995) A survey of the electrotherapeutic 
modalities: ownership and use in the NHS in England. . Physiotherapy 
81 (2):82-91 

125. Pugliese P (1988) Physiology of the Skin - Behavior of Normal Skin. Skin 
pharmacology and applied skin physiology 1:28-37. 

126. Queille-Roussel C, Poncet M, Schaefer H (1991) Quantification of skin-
colour changes induced by topical corticosteroid preparations using 
the Minolta Chroma Meter. The British journal of dermatology 124 
(3):264-270 

127. Quillen W (1980) Phonophoresis: A review of the literature and 
technique. Athl Training 15:109-110 

128. Radermacher J, Jentsch D, Scholl MA, Lustinetz T, Frolich JC (1991) 
Diclofenac concentrations in synovial fluid and plasma after cutaneous 
application in inflammatory and degenerative joint disease. British 
journal of clinical pharmacology 31 (5):537-541 

129. Rawat S, Vengurlekar S, Rakesh B, Jain S, Srikarti G (2008) Transdermal 
delivery by iontophoresis. Indian journal of pharmaceutical sciences 70 
(1):5-10. doi:10.4103/0250-474X.40324 

130. Godavarthy SS, Yerramsetty KM, Rachakonda VK, Neely BJ, Madihally 
  SV, Robinson RL, Jr. Gasem KA Design of improved permeation 
   enhancers for transdermal drug delivery  (2010). Journal of 
  pharmaceutical sciences 99 (1):563. doi:10.1002/jps.21681 
131. Roberts MS, Cross SE, Anissimov YG (2004) Factors affecting the 

formation of a skin reservoir for topically applied solutes. Skin 
pharmacology and physiology 17 (1):3-16. doi:10.1159/000074057 

132. Rosim GC, Barbieri CH, Lancas FM, Mazzer N (2005) Diclofenac 
phonophoresis in human volunteers. Ultrasound in medicine & biology 
31 (3):337-343. doi:10.1016/j.ultrasmedbio.2004.11.012 

133. Rougier A, Dupuis D, Lotte C, Roguet R (1985) The measurement of the 
stratum corneum reservoir. A predictive method for in vivo 



Ron Clijsen 117 

118. Perron M, Malouin F (1997) Acetic acid iontophoresis and ultrasound for 
the treatment of calcifying tendinitis of the shoulder: a randomized 
control trial. Archives of physical medicine and rehabilitation 78 
(4):379-384 

119. Petersen B, Rovati S (2009) Diclofenac epolamine (Flector) patch: 
evidence for topical activity. Clinical drug investigation 29 (1):1-9. 
doi:10.2165/0044011-200929010-00001 

120. Pierre MB, Dos Santos Miranda Costa I (2011) Liposomal systems as 
drug delivery vehicles for dermal and transdermal applications. 
Archives of dermatological research 303 (9):607-621. 
doi:10.1007/s00403-011-1166-4 

121. Poensin D, Carpentier PH, Fechoz C, Gasparini S (2003) Effects of mud 
pack treatment on skin microcirculation. Joint, bone, spine : revue du 
rhumatisme 70 (5):367-370 

122. Poet TS, McDougal JN (2002) Skin absorption and human risk 
assessment. Chemico-biological interactions 140 (1):19-34 

123. Polat BE, Hart D, Langer R, Blankschtein D (2011) Ultrasound-mediated 
transdermal drug delivery: mechanisms, scope, and emerging trends. 
Journal of controlled release : official journal of the Controlled Release 
Society 152 (3):330-348. doi:10.1016/j.jconrel.2011.01.006 

124. Pope G, Mockett S, Wright J (1995) A survey of the electrotherapeutic 
modalities: ownership and use in the NHS in England. . Physiotherapy 
81 (2):82-91 

125. Pugliese P (1988) Physiology of the Skin - Behavior of Normal Skin. Skin 
pharmacology and applied skin physiology 1:28-37. 

126. Queille-Roussel C, Poncet M, Schaefer H (1991) Quantification of skin-
colour changes induced by topical corticosteroid preparations using 
the Minolta Chroma Meter. The British journal of dermatology 124 
(3):264-270 

127. Quillen W (1980) Phonophoresis: A review of the literature and 
technique. Athl Training 15:109-110 

128. Radermacher J, Jentsch D, Scholl MA, Lustinetz T, Frolich JC (1991) 
Diclofenac concentrations in synovial fluid and plasma after cutaneous 
application in inflammatory and degenerative joint disease. British 
journal of clinical pharmacology 31 (5):537-541 

129. Rawat S, Vengurlekar S, Rakesh B, Jain S, Srikarti G (2008) Transdermal 
delivery by iontophoresis. Indian journal of pharmaceutical sciences 70 
(1):5-10. doi:10.4103/0250-474X.40324 

130. Godavarthy SS, Yerramsetty KM, Rachakonda VK, Neely BJ, Madihally 
  SV, Robinson RL, Jr. Gasem KA Design of improved permeation 
   enhancers for transdermal drug delivery  (2010). Journal of 
  pharmaceutical sciences 99 (1):563. doi:10.1002/jps.21681 
131. Roberts MS, Cross SE, Anissimov YG (2004) Factors affecting the 

formation of a skin reservoir for topically applied solutes. Skin 
pharmacology and physiology 17 (1):3-16. doi:10.1159/000074057 

132. Rosim GC, Barbieri CH, Lancas FM, Mazzer N (2005) Diclofenac 
phonophoresis in human volunteers. Ultrasound in medicine & biology 
31 (3):337-343. doi:10.1016/j.ultrasmedbio.2004.11.012 

133. Rougier A, Dupuis D, Lotte C, Roguet R (1985) The measurement of the 
stratum corneum reservoir. A predictive method for in vivo 



The skin as a barrier in fysiotherapy 118 

percutaneous absorption studies: influence of application time. The 
Journal of investigative dermatology 84 (1):66-68 

134. Rougier A, Dupuis D, Lotte C, Roguet R, Schaefer H (1983) In vivo 
correlation between stratum corneum reservoir function and 
percutaneous absorption. The Journal of investigative dermatology 81 
(3):275-278 

135. Rovensky J, Micekova D, Gubzova Z, Fimmers R, Lenhard G, Vogtle-
Junkert U, Schreyger F (2001) Treatment of knee osteoarthritis with a 
topical non-steroidal antiinflammatory drug. Results of a randomized, 
double-blind, placebo-controlled study on the efficacy and safety of a 
5% ibuprofen cream. Drugs under experimental and clinical research 27 
(5-6):209-221 

136. Runeson L, Haker E (2002) Iontophoresis with cortisone in the treatment 
of lateral epicondylalgia (tennis elbow)--a double-blind study. 
Scandinavian journal of medicine & science in sports 12 (3):136-142 

137. Saggini R, Zoppi M, Vecchiet F, Gatteschi L, Obletter G, Giamberardino 
MA (1996) Comparison of electromotive drug administration with 
ketorolac or with placebo in patients with pain from rheumatic disease: 
a double-masked study. Clinical therapeutics 18 (6):1169-1174 

138. Saliba S, Mistry DJ, Perrin DH, Gieck J, Weltman A (2007) Phonophoresis 
and the absorption of dexamethasone in the presence of an occlusive 
dressing. Journal of athletic training 42 (3):349-354 

139. Schafer P, Bewick-Sonntag C, Capri MG, Berardesca E (2002) 
Physiological changes in skin barrier function in relation to occlusion 
level, exposure time and climatic conditions. Skin pharmacology and 
applied skin physiology 15 (1):7-19 

140. Schiffman EL, Braun BL, Lindgren BR (1996) Temporomandibular joint 
iontophoresis: a double-blind randomized clinical trial. Journal of 
orofacial pain 10 (2):157-165 

141. Shetty S, Moore TL, Jackson S, Brettle D, Herrick AL (2005) A pilot study 
of acetic acid iontophoresis and ultrasound in the treatment of 
systemic sclerosis-related calcinosis. Rheumatology (Oxford) 44 
(4):536-538. doi:10.1093/rheumatology/keh536 

142. Shomaker TS, Zhang J, Ashburn MA (2001) A pilot study assessing the 
impact of heat on the transdermal delivery of testosterone. Journal of 
clinical pharmacology 41 (6):677-682 

143. Simonin J On the mechanisms of in vitro and in vivo phonophoresis. J 
Control Release 33 (1):125-141 

144. Sinha VR, Kaur MP (2000) Permeation enhancers for transdermal drug 
delivery. Drug development and industrial pharmacy 26 (11):1131-1140. 
doi:10.1081/DDC-100100984 

145. Smith KL. Penetrant characteristics influencing skin absorption. In: 
Methods for Skin Absorption (Kemppainen BW RW, Eds), CRC Press, 
Florida, 1990, 23-34. (ed) (1990) Penetrant characteristics influencing 
skin absorption. Methods for Skin Absorption. CRC Press, Florida 

146. Takiwaki H (1998) Measurement of skin color: practical application and 
theoretical considerations. The journal of medical investigation : JMI 44 
(3-4):121-126 

147. Taskaynatan M, Ozgul A, Ozedemir A, Tan A, Kalyon T (2007) Effects of 
steroid iontophoresis and electrotherapy on bicipital tendonitis. 
Journal of Musculoskeletal Pain 29 (4):47-54 

 119 

 
148. Teichmann A, Jacobi U, Weigmann HJ, Sterry W, Lademann J (2005) 

Reservoir function of the stratum corneum: development of an in vivo 
method to quantitatively determine the stratum corneum reservoir for 
topically applied substances. Skin pharmacology and physiology 18 
(2):75-80. doi:10.1159/000083707 

149. Treffel P, Gabard B (1993) Feasibility of measuring the bioavailability of 
topical ibuprofen in commercial formulations using drug content in 
epidermis and a methyl nicotinate skin inflammation assay. Skin 
pharmacology : the official journal of the Skin Pharmacology Society 6 
(4):268-275 

150. Treffel P, Gabard B, Bieli E (eds) (1993) Relationship between the in vitro 
diclofenac epidermal level and the in vivo anti-inflammatory efficacy in 
the methylnicotinate test., vol Vol. 3b. Prediction of Percutaneous 
Penetration. STS Publishing, Cardiff 

151. Trommer H, Neubert RH (2006) Overcoming the stratum corneum: the 
modulation of skin penetration. A review. Skin pharmacology and 
physiology 19 (2):106-121. doi:10.1159/000091978 

152. Trowbridge CA, Draper DO, Feland JB, Jutte LS, Eggett DL (2004) 
Paraspinal musculature and skin temperature changes: comparing the 
Thermacare HeatWrap, the Johnson & Johnson Back Plaster, and the 
ABC Warme-Pflaster. The Journal of orthopaedic and sports physical 
therapy 34 (9):549-558 

153. Tur E (1991) Cutaneous blood flow. Laser Doppler velocimetry. 
International journal of dermatology 30 (7):471-476 

154. Tur E, Aviram G, Zeltser D, Brenner S, Maibach HI (1994) Histamine effect 
on human cutaneous blood flow: regional variations. Acta dermato-
venereologica 74 (2):113-116 

155. Turner NG, Kalia YN, Guy RH (1997) The effect of current on skin barrier 
function in vivo: recovery kinetics post-iontophoresis. Pharmaceutical 
research 14 (9):1252-1257 

156. van der Valk PG, Maibach HI (1990) A functional study of the skin barrier 
to evaporative water loss by means of repeated cellophane-tape 
stripping. Clinical and experimental dermatology 15 (3):180-182 

157. van der Windt DA, van der Heijden GJ, van den Berg SG, ter Riet G, de 
Winter AF, Bouter LM (1999) Ultrasound therapy for musculoskeletal 
disorders: a systematic review. Pain 81 (3):257-271 

158. Vickers CF (1963) Existence of Reservoir in the Stratum Corneum. 
Experimental Proof. Archives of dermatology 88:20-23 

159. Vickers CF (1972) Stratum corneum reservoir for drugs. Advances in 
biology of skin 12:177-189 

160. Vongsavan N, Matthews B (1993) Some aspects of the use of laser 
Doppler flow meters for recording tissue blood flow. Experimental 
physiology 78 (1):1-14 

161. Vranken JH, Dijkgraaf MG, Kruis MR, van Dasselaar NT, van der Vegt MH 
(2005) Iontophoretic administration of S(+)-ketamine in patients with 
intractable central pain: a placebo-controlled trial. Pain 118 (1-2):224-
231. doi:10.1016/j.pain.2005.08.020 

 
 
 



Ron Clijsen 118 

percutaneous absorption studies: influence of application time. The 
Journal of investigative dermatology 84 (1):66-68 

134. Rougier A, Dupuis D, Lotte C, Roguet R, Schaefer H (1983) In vivo 
correlation between stratum corneum reservoir function and 
percutaneous absorption. The Journal of investigative dermatology 81 
(3):275-278 

135. Rovensky J, Micekova D, Gubzova Z, Fimmers R, Lenhard G, Vogtle-
Junkert U, Schreyger F (2001) Treatment of knee osteoarthritis with a 
topical non-steroidal antiinflammatory drug. Results of a randomized, 
double-blind, placebo-controlled study on the efficacy and safety of a 
5% ibuprofen cream. Drugs under experimental and clinical research 27 
(5-6):209-221 

136. Runeson L, Haker E (2002) Iontophoresis with cortisone in the treatment 
of lateral epicondylalgia (tennis elbow)--a double-blind study. 
Scandinavian journal of medicine & science in sports 12 (3):136-142 

137. Saggini R, Zoppi M, Vecchiet F, Gatteschi L, Obletter G, Giamberardino 
MA (1996) Comparison of electromotive drug administration with 
ketorolac or with placebo in patients with pain from rheumatic disease: 
a double-masked study. Clinical therapeutics 18 (6):1169-1174 

138. Saliba S, Mistry DJ, Perrin DH, Gieck J, Weltman A (2007) Phonophoresis 
and the absorption of dexamethasone in the presence of an occlusive 
dressing. Journal of athletic training 42 (3):349-354 

139. Schafer P, Bewick-Sonntag C, Capri MG, Berardesca E (2002) 
Physiological changes in skin barrier function in relation to occlusion 
level, exposure time and climatic conditions. Skin pharmacology and 
applied skin physiology 15 (1):7-19 

140. Schiffman EL, Braun BL, Lindgren BR (1996) Temporomandibular joint 
iontophoresis: a double-blind randomized clinical trial. Journal of 
orofacial pain 10 (2):157-165 

141. Shetty S, Moore TL, Jackson S, Brettle D, Herrick AL (2005) A pilot study 
of acetic acid iontophoresis and ultrasound in the treatment of 
systemic sclerosis-related calcinosis. Rheumatology (Oxford) 44 
(4):536-538. doi:10.1093/rheumatology/keh536 

142. Shomaker TS, Zhang J, Ashburn MA (2001) A pilot study assessing the 
impact of heat on the transdermal delivery of testosterone. Journal of 
clinical pharmacology 41 (6):677-682 

143. Simonin J On the mechanisms of in vitro and in vivo phonophoresis. J 
Control Release 33 (1):125-141 

144. Sinha VR, Kaur MP (2000) Permeation enhancers for transdermal drug 
delivery. Drug development and industrial pharmacy 26 (11):1131-1140. 
doi:10.1081/DDC-100100984 

145. Smith KL. Penetrant characteristics influencing skin absorption. In: 
Methods for Skin Absorption (Kemppainen BW RW, Eds), CRC Press, 
Florida, 1990, 23-34. (ed) (1990) Penetrant characteristics influencing 
skin absorption. Methods for Skin Absorption. CRC Press, Florida 

146. Takiwaki H (1998) Measurement of skin color: practical application and 
theoretical considerations. The journal of medical investigation : JMI 44 
(3-4):121-126 

147. Taskaynatan M, Ozgul A, Ozedemir A, Tan A, Kalyon T (2007) Effects of 
steroid iontophoresis and electrotherapy on bicipital tendonitis. 
Journal of Musculoskeletal Pain 29 (4):47-54 

 119 

 
148. Teichmann A, Jacobi U, Weigmann HJ, Sterry W, Lademann J (2005) 

Reservoir function of the stratum corneum: development of an in vivo 
method to quantitatively determine the stratum corneum reservoir for 
topically applied substances. Skin pharmacology and physiology 18 
(2):75-80. doi:10.1159/000083707 

149. Treffel P, Gabard B (1993) Feasibility of measuring the bioavailability of 
topical ibuprofen in commercial formulations using drug content in 
epidermis and a methyl nicotinate skin inflammation assay. Skin 
pharmacology : the official journal of the Skin Pharmacology Society 6 
(4):268-275 

150. Treffel P, Gabard B, Bieli E (eds) (1993) Relationship between the in vitro 
diclofenac epidermal level and the in vivo anti-inflammatory efficacy in 
the methylnicotinate test., vol Vol. 3b. Prediction of Percutaneous 
Penetration. STS Publishing, Cardiff 

151. Trommer H, Neubert RH (2006) Overcoming the stratum corneum: the 
modulation of skin penetration. A review. Skin pharmacology and 
physiology 19 (2):106-121. doi:10.1159/000091978 

152. Trowbridge CA, Draper DO, Feland JB, Jutte LS, Eggett DL (2004) 
Paraspinal musculature and skin temperature changes: comparing the 
Thermacare HeatWrap, the Johnson & Johnson Back Plaster, and the 
ABC Warme-Pflaster. The Journal of orthopaedic and sports physical 
therapy 34 (9):549-558 

153. Tur E (1991) Cutaneous blood flow. Laser Doppler velocimetry. 
International journal of dermatology 30 (7):471-476 

154. Tur E, Aviram G, Zeltser D, Brenner S, Maibach HI (1994) Histamine effect 
on human cutaneous blood flow: regional variations. Acta dermato-
venereologica 74 (2):113-116 

155. Turner NG, Kalia YN, Guy RH (1997) The effect of current on skin barrier 
function in vivo: recovery kinetics post-iontophoresis. Pharmaceutical 
research 14 (9):1252-1257 

156. van der Valk PG, Maibach HI (1990) A functional study of the skin barrier 
to evaporative water loss by means of repeated cellophane-tape 
stripping. Clinical and experimental dermatology 15 (3):180-182 

157. van der Windt DA, van der Heijden GJ, van den Berg SG, ter Riet G, de 
Winter AF, Bouter LM (1999) Ultrasound therapy for musculoskeletal 
disorders: a systematic review. Pain 81 (3):257-271 

158. Vickers CF (1963) Existence of Reservoir in the Stratum Corneum. 
Experimental Proof. Archives of dermatology 88:20-23 

159. Vickers CF (1972) Stratum corneum reservoir for drugs. Advances in 
biology of skin 12:177-189 

160. Vongsavan N, Matthews B (1993) Some aspects of the use of laser 
Doppler flow meters for recording tissue blood flow. Experimental 
physiology 78 (1):1-14 

161. Vranken JH, Dijkgraaf MG, Kruis MR, van Dasselaar NT, van der Vegt MH 
(2005) Iontophoretic administration of S(+)-ketamine in patients with 
intractable central pain: a placebo-controlled trial. Pain 118 (1-2):224-
231. doi:10.1016/j.pain.2005.08.020 

 
 
 



The skin as a barrier in fysiotherapy 120 

162. Wang Y, Thakur R, Fan Q, Michniak B (2005) Transdermal iontophoresis: 
combination strategies to improve transdermal iontophoretic drug 
delivery. European journal of pharmaceutics and biopharmaceutics : 
official journal of Arbeitsgemeinschaft fur Pharmazeutische 
Verfahrenstechnik eV 60 (2):179-191. doi:10.1016/j.ejpb.2004.12.008 

163. Watson T (2000) The role of electrotherapy in contemporary 
physiotherapy practice. Manual therapy 5 (3):132-141. 
doi:10.1054/math.2000.0363 

164. Wheeler D, Moyler J, Thirkettle J (1976) Instrumental colour assessment- 
Some practical experiences. J Soc Cosmet Chem 27:15-45 

165. Wiechers JW (1989) The barrier function of the skin in relation to 
percutaneous absorption of drugs. Pharmaceutisch weekblad Scientific 
edition 11 (6):185-198 

166. Wilhelm KP, Maibach HI (1989) Skin color reflectance measurements for 
objective quantification of erythema in human beings. Journal of the 
American Academy of Dermatology 21 (6):1306-1308 

167. Wilkin JK, Fortner G, Reinhardt LA, Flowers OV, Kilpatrick SJ, Streeter 
WC (1985) Prostaglandins and nicotinate-provoked increase in 
cutaneous blood flow. Clinical pharmacology and therapeutics 38 
(3):273-277 

168. Williame E, Anthoine F, Plissart M (1982) [Diclofenac iontophoresis in the 
treatment of arthrosis]. Journal belge de medecine physique et de 
rehabilitation = Belgisch tijdschrift voor fysische geneeskunde en 
rehabilitatie 5 (2):61-65 

169. Williams A (1990) Phonophoresis: an in vivo evaluation using three 
topical anaesthetic preparations. . Ultrasonics 28 (3):137-141. 

170. Williams AC, Barry BW (1992) Skin absorption enhancers. Critical 
reviews in therapeutic drug carrier systems 9 (3-4):305-353 

171. Wosicka H, Cal K (2010) Targeting to the hair follicles: current status and 
potential. Journal of dermatological science 57 (2):83-89. 
doi:10.1016/j.jdermsci.2009.12.005 

172. Zacher J, Altman R, Bellamy N, Bruhlmann P, Da Silva J, Huskisson E, 
Taylor RS (2008) Topical diclofenac and its role in pain and 
inflammation: an evidence-based review. Current medical research and 
opinion 24 (4):925-950. doi:10.1185/030079908X273066 

173. Zhai H, Maibach HI (2002) Occlusion vs. skin barrier function. Skin Res 
Technol 8 (1):1-6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 121 

8. Dutch summary 
 
Niettegenstaande de beroepsorganisaties en de opleidingen fysiotherapie het 

paradigma van Evidence Based Practice (EBP) binnen de competenties heeft 

opgenomen en in gedragsindicatoren heeft gedefinieerd, en niettegenstaande de 

fysiotherapie het laatste decennium redelijke vooruitgang heeft geboekt in zijn 

zoektocht naar ondersteunende evidenties, zijn er zeker wat betreft de 

fysiotherapeutische applicaties nog ettelijke lacunes. In deze doctoraatsthesis 

onderzochten we vanuit het gezichtspunt van de huid als barrière deelaspecten van 

fysiologische processen gekoppeld aan fysische applicaties binnen de 

fysiotherapie: meer specifiek rond de behandelingen met fango, iontoforese en 

ultrasound. 

Parafango 

Lokale parafango induceert verhoogde spierweefseldoorbloeding met vermindering 

van ischaemie en pijnsensaties bij musculoskeletale aandoeningen. Lokale 

warmteapplicatie wordt bij cardiovasculaire aandoeningen echter als contra-

indicatie gesteld. Niettegenstaande deze claims zijn de fysiologische 

controlemechanismes in verband met vasomotoriek en thermoregulatie bij 

warmteapplicatie nog onvoldoende gekend en is de informatie rond door warmte 

geïnduceerde veranderingen in huidparameters beperkt.  

Uit de resultaten van onze studie blijkt dat een parafango applicatie sterke locale 

effecten op de huidparameters heeft met verhoogde huidtemperatuur, verhoogde 

perfusie van de microcirculatie en huiderytheem. De systemische (cardiovasculaire) 

effecten daarentegen waren zwak en bleven binnen normale fysiologische grenzen. 
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Fysiotherapeutische ondersteuning van topische transdermale applicaties  

Topische transdermale applicaties worden standaard gebruikt bij reumatische 

inflammatoire dysfuncties en acute zachte weefselaandoeningen. In de 

fysiotherapie worden ter versterking van deze transdermale applicaties 

sonoforetische, iontoforetische en occlusietechnieken gebruikt om de huidbarrière 

te beïnvloeden en zodoende een hogere concentratie van actieve stoffen in de 

doelweefsels te bereiken.  

  De literatuurstudie en meta-analyse gericht op de effecten van 

iontoforetische behandeling bij musculoskeletale aandoeningen tonen aan dat 

er kwantitatief bewijs is voor de effectiviteit van iontoforese bij pijnbestrijding. 

Niettegenstaande verscheidene klinische studies een versneld genezingsproces na 

iontoforese onderbouwen blijven de evidenties controversieel, en tonen de studies 

methodologische tekortkomingen. Zo werd er onvoldoende rekening gehouden met 

de basisprincipes van percutane penetratie. Vaak werden de effecten van 

iontoforese vergeleken met die van placebo iontoforese (zonder actieve substantie) 

wat natuurlijk geen valide bewijs is voor de penetratie versterkende werking van de 

stroom.  

  In onze iontoforese studie bepaalden we de in vivo opname van diclofenac 

door gebruik te maken van een methylnicotinaat geïnduceerd huiderytheem. 

In deze proefopzet werd tussen de opname van de stroomgeassisteerde toediening 

van diclofenac en die van passieve diffusie onder semi-occlusieve bedekking geen 

significant verschil vastgesteld.  

De resultaten suggereren dat de elektromotorische krachten van iontoforese 

kunnen worden overschat vooral in die experimentele studies waar de passieve 

opname en occlusie effecten niet werden geëvalueerd. 
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Als belangrijke farmacodynamische component heeft het menselijke stratum 

corneum de eigenschap om topisch aangebrachte substanties voor een bepaalde 

tijd op te slaan. In deze context richtte een deel van ons onderzoek zich op de 

farmacodynamische eigenschappen van topisch aangebrachte stoffen binnen de 

fysiotherapie. In deze experimentele studie werd onderzocht of de vorming en de 

lediging van het diclofenac huidreservoir afhankelijk zijn van de applicatie 

methode van diclofenac. Drie verschillende applicatie methodes, zijnde (1) 

iontoforese, (2) onder een semi-occlusieve spons, en (3) een open applicatie 

werden op verschillende tijdsintervallen met elkaar vergeleken.  

De resultaten van dit onderzoek tonen dat zowel de vorming als de lediging van het 

diclofenac huidreservoir afhankelijk zijn van de applicatie modaliteit. Interpretatie 

van de resultaten in functie van de bestaande literatuur suggereert dat applicaties 

met snelle reservoir opbouw en lediging kunnen leiden tot een grotere afgifte van 

actieve stoffen aan de doelweefsels. Dit kan een bepalend effect hebben op de 

klinische resultaten van de fysiotherapeutische behandeling.  

  Ultrasound wordt in de fysiotherapie als ondersteunend gebruikt bij  

topische applicaties van NSAIDs of corticosteroïden. Hierbij kan voor een ‘pre’ 

applicatiemodus of een ‘simultane’ modus gekozen worden. Niettegenstaande 

laagfrequente sonoforese (20-100 KHz) in vergelijking met een 1MHz toepassing 

een drievoudig verhoogde efficiëntie heeft om de huidpermeabiliteit te verhogen, 

blijft hoogfrequente sonoforese (>= 0.7Hz) het meest gebruikt in het kader van 

therapeutische behandelingen.  

In deze studie bepaalden we de invloed van de sonoforetische behandeling op de 

opname van halcinonide door middel van een verblekingstest en werd de 

effectiviteit van de ‘pre’ applicatiemodus met die van de ‘simultane’ applicatiemodus 

vergeleken.  
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