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Abstract:  

Background: Atopic dermatitis is a long-term type of inflammation of the skin, it 

results in itchy, red swollen, and cracked skin. Clear fluid may come from the 

affected areas, which often thickens over time. While the condition may occur at any 

age, it typically starts in childhood, with changing severity over the years. 

Objectives: to compare the effect of photochemotherapy versus tap-water 

iontophoresis for the management of atopic-dermatitis in children. 

Methods: Fifty-six eligible children with atopic-dermatitis were randomly-

designated into three groups. Psoralen plus Ultra-Violet A (PUVA Group): n=18 

received Bath-Psoralen, ultraviolet A and traditional medical treatment three sessions 

per week for 8 weeks. (Iontophoresis Group): n=18 received tap-water iontophoresis 

and traditional medical treatment three sessions per week for 8 weeks. (Control 

group): n=20, received traditional medical treatment, applied twice daily for 8 

consecutive weeks. Children were assessed using Patient Oriented Eczema Measure 

(POEM) Scale and Ultrasonography for skin thickness at baseline and at the end of 8 

weeks of therapy.  

Results: The three treatment approaches had significant effects in the management of 

atopic dermatitis in children based on the results of POAM scale and skin thickness 

(p value< 0.05). Both of the study groups showed a significant improvement in 

comparison with the control group (p value < 0.05). However, there was no 

significant difference between PUVA and iontophoresis groups (p value > 0.05). 

Conclusion: This study deduced that adding photo-chemotherapy and tap-water 

iontophoresis to medical treatment proved to be superior to medical therapy only 

in improving the POEM scale and decreasing skin thickness in children atopic-

dermatitis.  

Keywords: Photochemo-therapy, Tap water iontophoresis, atopic dermatitis, Bath 

psoralen, Skin Thickness. 
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1.Introduction 
   Atopic dermatitis (AD) is a common chronic 

eczematous skin disease persisting predominantly 

in paediatrics. AD diagnoses are continuously on 

the rise, oscillating between 10% and 20% of the 

pediatric population. It is pervaded by a 

regression trail and marked overwhelming 

ramifications on quality of life as a public health 

problem. Onset of disease is most common by 5 

years of age, and early diagnosis and treatment are 

essential to avoid complications of AD and 

improve quality of life (1). 

      Atopic dermatitis is a crucial medical and 

socioeconomic matter due to its high prevalence 

recently. The disease usually occurs in people 

with atopic tendency. It is usually associated with 

asthma, food allergies, rhinitis, and with high 

serum immunoglobulin E levels (2). The main 

problems in atopic dermatitis are uncontrollable 

itching and changed appearances.  It may 

significantly impair the quality of life for both 

children and their families (3). 

  Management of AD is dominated by the 

application of topical glucocorticosteriods (4).  

That is when being not sufficient; Phototherapy is 

the next following plan in moderate and severe 

cases of AD that hinders coherently cutaneous 

inflammation with minimal or no complex 

adverse effects (5). 

  Photo-chemotherapy is a treatment approach 

depends on the advantageous ramifications of 

light waves on different pathological cases; it 

includes adding of psoralen to (UV) therapy that 

is known as PUVA, which is delivered through 

a fluorescent bulb. PUVA therapy is proved 

efficient with relatively few side effects (6). 

PUVA depends on the interactivity between UV 

radiation and a photosensitizing chemical. In the 

doses previously used, neither the radiation nor 

the chemical would have marked biologic results 

(7).  

      AD is an oppressive, persistent disease with 

inadequate therapeutic cures. PUVA appears as a 

conservative, advantageous cure in the therapy 

program, but it is not based on standardized 

routine indicating decision making for the 

optimum therapies for AD patients (8).  

    Iontophoresis is a non-invasive technique used 

for drug delivery by increasing the penetration of 

the skin in a controlled manner by applying 

electric currents. Recent technological 

breakthrough has provided low-cost equipment 

causing spreading of this therapeutical approach 

(9).  

 

Sweat has been reported to trigger exacerbations 

in the itch-scratch cycle of atopic dermatitis.  

Surveys studies in China and the USA had 

suggested that AD patients usually consider sweat 

as the prime factor-triggering itching (10). The 

benefit of tap water iontophoresis in dealing with 

palmoplantar hyperhidrosis has been well proven 

leading to its extensive clinical application (11).  

     However, up to the authors knowledge there is 

insufficient research to compare the effect of 

phototherapy to the tap water iontophoresis in the 

treatment of atopic dermatitis in paediatrics. That is 

why further studies are needed to elucidate their 

effect. Therefore, the objective of our work was to 

compare the effect of phototherapy "psoralen and 

UVA" bath Psoralen to tap-water iontophoresis in the 

management of atopic dermatitis in paediatrics . 

 

2.Patients and Methods  

 
2.1. Study design: 

A single-blinded, randomized controlled trial 

(only assessor) was conducted. Children were 

randomly assigned equally to PUVA and 

traditional medical treatment (PUVA group) or, 

tap water iontophoresis and the traditional 

medical treatment (Iontophoresis group) or 

traditional medical treatment (Control group). 

Randomization was conducted using computer-

generated random tables, and sealed opaque 

envelopes were utilized for group allocation as 

shown in figure 1. 

 
Figure (1): Flowchart for participant recruitment and 

allocation. 
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Children with AD of the hands were sorted out 

from the department of dermatology, Banha 

Teaching Hospital, Al Qalyubia and Elmattaria 

Teaching Hospital, Cairo. The trial was regulated 

between January 2019 and November 2020. The 

faculty of physical therapy, Cairo University 

ethical committee approved the study 

(P.T.REC/012/002746). The children and their 

parents were illuminated in details about the type, 

purpose, and gains of the study, and signed a 

written informed consent template prior to the 

trial. The trial was prospectively registered at the 

clinical trial registry (NCT04444726). All 

children were diagnosed with atopic dermatitis of 

dyshidrotic type with hand eczema, were 

examined carefully for their eligibility to 

participate in the study by a dermatologist.  

 

2.2. Participants: 

Participants with dyshidrotic AD were recruited in 

this study according to the inclusion criteria of 

being between the age of 12 to 16 years, of both 

genders, being more than 6-months duration since 

the onset of the disease, in which traditional types 

of treatment options, including oral or topical 

corticosteroids had been proved ineffective. 

Children were excluded from this study if they 

had one of the following criteria: previous 

intolerance history to UV radiation, psoriasis, 

fungal infections, skin malignancy or acute 

infection at the area to be treated, children 

received radiotherapy in the area to be treated 

during the last 6 months, children received 

corticosteroid therapy topically within 14 days 

before treatment, or systemic corticosteroids or 

any immunosuppressive drugs within the last 4 

weeks, circulatory and sensory disorders. 

 

2.3. Sample size calculation:  

The study sample size was calculated using G 

power software (Universities, Dusseldorf, 

Germany) with power 95%, p value 0.05 and the 

effect size 0.5. Sample size was 17 participants in 

each group. In order to account for the dropout 

rate; sample size was 60 participants in the three 

groups. 

 

2.4. Outcome measures: 

The primary outcome measure of the study was the 

Patient-Oriented Eczema Measure "POEM", the 

secondary outcome measure was the thickness of the 

skin measured by ultrasonography. The entire 

assessments were applied by one of the authors before 

and after  8 weeks of treatment. 

 

 

2.5. Patient-Oriented Eczema Measure (POEM) scale : 
The prime outcome measure for determining the 

effect of treatment was Patient-Oriented Eczema 

Measure (POEM). The scale is simple, valid, 

repeatable, and readily understandable tool for 

monitoring disease severity in children and adults 

with AD. The degree of severity was estimated by 

asking young children to answer the questionnaire 

with the help of their parents (12). The   POEM   

includes   7   questions   regarding   the   number    

of    days    each    symptom    appeared.    All    

questions are based on 5-point severity scales,  

with a total score ranging from 0 (lower severity) 

to 28 (higher severity); severity groupings have 

been defined as bands of 0 to 7 indicating mild 

AD, 8 to 16 moderate AD, and greater than 16 

severe AD.  The degree of severity was estimated 

by asking young children to answer the 

questionnaire with the help of their parents (12).  

 

2.6. Thickness of the skin measured by 

Ultrasonography:  

Assessment of the skin thickness was performed 

using the high frequency skin ultrasonography 
(Derma Scan Cortex Technology, version 3, 

Hadsund, Germany) the ultrasonography 7.5 

MHz, the ultrasound imaging system was used to 

measure the thickness of the skin at the affected 

site. Measurements were done under standardized 

conditions; measurements were carried out by the 

same investigator, all values were given as the 

mean of three recordings to avoid measuring 

inaccuracies, the same area was measured before 

and after therapy for each patient by determining 

it in relation to any landmark.  The participants 

were informed not to apply any topical drugs at 

the night before the session. Before measurement, 

all children were given 10 minutes to adapt the 

room conditions. The thickness of the ultrasound 

coupling gel layer was adjusted to about 1mm to 

ensure standardization, the area to be investigated 

was cleaned by the alcohol before application. 

The scan was obtained and transferred to the 

monitor screen where it could be obtained by the 

investigator and the instrument, then, a printed 

copy of the scan was done for documentation and 

referral purposes (13). Assessment was performed 

before then after 8 weeks of treatment for the 

three groups. 

 

2.7. Intervention: 

The participants at both study and control groups 

obtained identical medical treatment.  
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Betamethasone dipropionate 0.05% 

"betamethasone" cream thin film was applied to 

the affected area for 2 times a day for 8 weeks.  

Pre-treatment preparation was performed 

including cleaning then rinsing of the treatment 

area with water and soap followed by a soft cloth 

to dry the skin surface (14,15).  

Patients in the "PUVA group" received Photo-

chemotherapy (bath Psoralen). The patient's 

affected hand was socked for 20 minutes in 

"Methoxy Psoralen solution" (30 ml of 8-

methoxypsoralen 1.2 % lotion 

(PUVASORALEN) in 140 L water (concentration 

of 2.6 mg/L). Then the patient's hand was 

immediately irradiated by the Ultraviolet A device 

"Waldmann, Ultraviolet A:   UV 181, 03781-0, U: 

230 V, F:    50HZ., L:   1.2,2,413,7, Cos: 0.93, 

0.79, 0.7, 2XT:  6.3H, 250 v. ", Germany. The 

preliminary dose was 0.5 J/cm2 UVA. Subsequent 

increase of 0.5 J/cm2 UVA was performed after 

every third treatment session. All patients wore 

protective eye and face wear during therapy 

(16,17).  

Treatment was provided for 3 sessions per week 

for 8 consecutive weeks, in addition to the 

traditional medical treatment. All the safety 

measures were followed during the treatment. 

After each session and before the beginning of the 

successive session, the side effects were noted. 

All patients used photoprotective eye goggles 

before starting radiation. Participants were 

advised to protect themselves from sunlight 

throughout the treatment period (18).  

Patients at the "Iontophoresis group" received tap 

water iontophoresis, Hidrex® (GS Hidrex GmbH, 

Wuppertal, Germany), 3 sessions /week, for 8 

weeks, with the affected hand on the anode.  The 

intensity was increased according to the patient's 

tolerance. The maximum level was 30 mA for 20 

minutes. Before the treatment procedures, patients 

were asked to remove any metallic pieces 

(jewellery, watches). Cotton towel was used to 

cover electrodes to avoid direct skin contact. Skin 

erosions were covered with petrolatum or 

insulating tapes or wrappings. Tap water is poured 

in pans so that the patient’s hands were covered 

up to the dorsal areas of hand (19).  

 

Data analysis: 

Measured outcomes (POAM and 

ultrasonography) were inspected for normality by 

checking data distribution.  Measured parameters 

indicated a parametric distribution. So, Two-way 

mixed model MANOVA was applied to compare 

within and between measured outcomes in the 

three groups. For demographic data of the 

participants, ANOVA test was applied and for 

nominal data chi square test was performed. 

Numerical data was demonstrated as mean and 

standard deviation while nominal data was 

demonstrated as number and percentage. The 

significance level was set at P ≤ 0.05. SPSS 

statistics version 20 was used for statistical 

analysis.  

 

3.Results  
Demographic data  

There was no significant difference among the 

demographic data of the participants (p value> 

0.05), as shown in table 1. 

Table 1.  Baseline Demographic Characteristics of 

Subjects. 

 PUVA 

group 

(n=18) 

Iontophoresis 

group  

(n=18) 

Control 

 group 

(n=20) 

p-value 

Mean± SD Mean± SD Mean± SD 

Age 

(years) 

14.3±2.36 14.85±2.43 15.1±2.1 0.569 

Sex 

(B: G) 

(B: G%) 

 

(8:10) 

(44.4:55.6%) 

 

(10:8) 

(55.6:44.4%) 

 

(9:11) 

(45:55%) 

 

    0.750 

 

 

D: standard deviation. P value: significance level, B: Boy, G: Girl, M: mean, 

PUVA:  psoralen plus ultraviolet A, n: number. 

 

POAM scale.  

There was a statistically significant difference 

between pre and post values of the POAM scale 

measurement within the three studied groups. (p 

value< 0.05). Pretreatment there was no 

significant difference between groups (p value> 

0.05). Concerning comparisons between groups 

post treatment, no significant difference was 

observed between PUVA and Iontophoresis 

groups (p value = 0.190). Furthermore, a 

significant difference was noticed between PUVA 

and control groups favoring PUVA group (p value 

< 0.001). Also, Comparison between the 

Iontophoresis and control groups POAM scale 

post mean values revealed a significant difference 

favoring Iontophoresis group (p value < 0.001) as 

shown in table 2.           

Ultrasonography.  

Significant difference was found within the three 

groups between pre and post mean values 

concerning ultrasonography (p value< 0.05) with 

a higher mean difference (MD) and narrow 

confidence interval (CI) 6.94(6-7.85) in the 

PUVA group. There was no significant difference 

between groups before the start of the treatment (p 

value >0.05). Post treatment there was a 
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significant difference between PUVA and control 

group favoring PUVA group (p value < 0.001). 

However, there was no significant difference 

between PUVA group and Iontophoresis group (p 

value = 0.066). Moreover, there was a significant 

difference between Iontophoresis and control 

groups favoring iontophoresis group (p value = 

0.001). as shown in table 2. 
  

Table (2) Outcome Data for POEM Scale and Skin 

Thickness by Ultrasonography at Base line and 

after 8 weeks of Intervention(n=56). 
 

 

P value†: within group significant level, P value*, MD: 

Mean difference, CI: confident interval. M: mean, SD: 

Standard deviation, n: number. PUVA: psoralen plus 

UVA. 

 

4.Discussion  

  A comparative analysis was performed during 

the current study to examine the effects of photo-

chemotherapy "bath Psoralen plus UVA" along 

with traditional medical treatment, tap water 

iontophoresis with traditional medical treatment 

and traditional medical treatment only for the 

management of atopic dermatitis in paediatrics. 

An eczema severity PEOM scale was chosen as 

the essential parameter for dermatitis severity. It 

was revealed that all the three treatment 

approaches had significant effects in management 

of atopic dermatitis in children, based on the 

results of the PEOM scale, and skin thickness 

measured by ultrasonography. However, the 

highest improvement in all outcomes was detected 

in the group received PUVA with traditional 

medical treatment.   

The finding of the current study could be 

explained by the suppressing effect of Psoralen 

and UVA on the accelerated DNA synthesis, such 

as in epidermal cells of patients with psoriasis. In 

addition, to DNA effect, it up-regulates 

expression of tumor suppressor gene p53 resulting 

in apoptosis of keratinocytes. It causes 

photoisomerization of urocanic acid, which has 

immuno-suppressive effects via cutaneous 

cytokine production. PUVA therapy activate 

keratinocytes synthesize which acts as an 

inflammatory mediator e.g., interleukin (IL)-1 and 

TNF-a, suppressing Langerhans cells and thereby 

induce immunosuppression (20). 

Psoralen-UVA Photochemotherapy is generally 

proved to be effective in treating thicker, 

solidified lesions of hand and foot psoriasis and 

eczema, due to its deeper penetration (21).  

    In accordance with the current study, a 

randomized, multi-centre study examined efficacy 

of iontophoresis accompanied with confined 

psoralen plus ultraviolet A (PUVA) therapy in 

chronic plantar eczema. It revealed that 

iontophoresis combined with "puva" was superior 

to the puva group and the local cortisone group 

respectively. Eczema score and dermatology life 

quality index were used as assessment tools (22).  

Moreover, bath psoralen plus ultraviolet A 

(PUVA) therapy was found to be beneficial in 

treating severe cases of atopic dermatitis (23). 

Abtahi et al, (24) reported that bath PUVA is a 

potent and safe modality in the treatment of 

severe and/or refractory AD but in contrast to our 

work, their study was limited to the small sample 

size and absence of control group.  

Although tap water iontophoresis is most 

commonly used for hyperhidrosis, it has a long 

and successful history of use in eczema treatment 

as well (25). It was reported that iontophoresis 

causes reduction in the substance P. (26), which 

increased in atopic dermatitis, (27) and it is the 

most common cause of dyshidrotic palmoplantar 

eczema (28).  

The effect of tap water iontophoresis might be 

attributed to the disturbance in postsynaptic 

functional secretion of sweat gland (29) As well, 

it has been indicated that tap water iontophoresis 

hinders the work of neuropeptides and cytokines 

in the sweat glands causing improvement in the 

dermatitis. 

 In Japan, three-school tap water bath intervention 

studies were conducted on children with AD and 

reported that bathing notably minimized the 

symptoms of AD, that was more marked in high 

sweat volume seasons (30). A study on vesicular 

palmar eczema, reported that iontophoresis had an 

advantageous ramification on vesicles and 

pruritus scores, but not on erythema and scaling 

scores. The iontophoresis device, which was used 

daily for 3 weeks, tap water iontophoresis had a 

Outcome PUVA 

group  

(n=18) 

(M±SD) 

Iontophores

is group  

(n=18) 

(M±SD) 

Control 

Group 

(n=20) 

(M±SD) 

P 

value* 

POAM scale  

Baseline  19±1.7 19.6±2.3 18.9±1.7 0.467 

After 

treatment    

8.4±2.16 9.25±1.33 14.77±2.38 < 0.001 

P value† 0.001 0.001 0.001  

MD (CI) 10.6 

(9.6-11.6) 

10.35 

(9.4-11.3) 

4.1 

(5.1-3.2) 

 

 Thickness of the Skin by Ultrasonography 

Baseline  17.26±2.5 17.52±2.58 17.2±2.44 0.890 

After 

treatment    

10.32±0.93 11.19±1.17 12.77±1.98 < 0.001 

P value†  0.001 0.001 0.001  

MD(CI) 6.94 

(6-7.85) 

6.34 

(5.4-7.25) 

4.38 

(3.5-3.25) 
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comprehensible ramification on itching and 

vesicles of palmar dermatitis (25). Another study 

has indicated a valuable ramification of it on the 

recurrence free span in palmoplantar dermatitis 

(28). 

Limitation of the study: The long-term effect of 

PUVA and tap water iontophoresis on POEM scale 

and thickness of the skin in AD children was not 

studied at the current research. Further studies should 

be conducted to examine the effect of both modalities 

in different age groups in children. Moreover, further 

studies are needed to compare between boys and girls. 

 

5.Conclusion 
Finding of this study revealed that PUVA and tap 

water iontophoresis proved to be superior to 

medical therapy, and PUVA was better than tap 

water iontophoresis but without significant 

difference for improving skin thickness and 

POEM scale for atopic dermatitis in children. 
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