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ABSTRACT

Juvenile rheumatoid arthritis (JRA) is 

the most common rheumatic disease of 

childhood. This study was conducted to 

examine the effects of low frequency 

pulsed magnetic field therapy on physical 

fitness in children with polyarticular JRA. 

Thirty children, with polyarticular JRA, 

aged 8 to 12 years were included. Children 

were randomized for treatment in two 

groups. In the group A (study) received 

low frequency pulsed magnetic field 

therapy 3 times per week for successive 12 

weeks. In the group B (control) received 

a placebo treatment. Evaluation of knee 

joint pain using the Visual Analogue Scale 

(VAS) and physical fitness using 6 Minute 

Walk Test (6MWT) were performed 

before and after the treatment. The result 

of this study revealed that there was 

a statistically significant improvement 

in physical fitness in children with JRA. 

Therefore, low frequency pulsed magnetic 

field is effective, innovative, non-invasive, 

non-expensive and can be used as a new 

trend physical therapy modality in the 

treatment of fatigue in JRA.

INTRODUCTION

Juvenile rheumatoid arthritis (JRA) is a 

disease that occurs in children beginning 

before sixteen years of age [1]. Although 

JRA is a chronic disease of childhood, the 

actual cause of the disease is unknown 

[2]. Some common signs and symptoms 

of JRA are morning stiffness, joint 

guardian, fatigue, sleep disturbances and 

irritability [3, 4].

Fatigue in JRA is being increasingly 

recognized within pediatric practice. As 

in adult patients, it is characterized by 

longstanding, medically unexplained 

tiredness, functional disability and 

accompanied by a variety of physical and 

psychological complaints [5].

Functional impairment is a key aspect of 

the condition and it affects most areas 

in children’s lives. Rangel et al., [6], 

reported that when the illness was at its 

worst, most children with chronic fatigue 

syndrome (CFS) had stopped socializing 

with their friends and family relationships 

had become strained in many instances. 

Half had been bedridden for prolonged 

periods and some were in wheelchairs. 

Most striking was the impairment caused 

in school attendance: two-thirds had been 

totally unable to attend school, with a 

mean time out of school for one year.

While juvenile arthritis is markedly 

different from adult rheumatoid arthritis, 

goals of management are similar, 

including reduction of joint inflammation, 

pain relief, prevention of disability and 

maintenance of function, the provision of 

education and attention to psychosocial, 

growth and development needs. A multi-

disciplinary approach is required to deliver 

a comprehensive and effective program [7].

In the short term, decreased physical 

fitness and activity levels can lead to 

further functional deterioration. In the 

longer term, decreased physical fitness 

and activity levels can lead to an increased 

risk for cardiovascular disease [8].

Pulsed electromagnetic field (PEMF) 

exposure is approved by the United 

States Food and Drug Administration 

for the treatment of problems associated 

with musculoskeletal disorders, including 

delayed union or non-union fractures, 

failed joint fusions, and congenital 

pseudoarthroses [9]. Specific joint 

disorders that have been investigated 

using this treatment modality include 
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rheumatoid arthritis (RA) [10], 

osteoarthritis and rotator cuff tendonitis 

[11, 12]. 

Pulsed electromagnetic field induces time-

varying ionic currents in tissues, which 

stimulate changes in cellular calcium 

and cyclic adenosine monophosphate 

levels [13], as well as in the synthesis of 

collagen, proteoglycans, DNA, and RNA 

[14]. In addition, some of the enzymes 

and hormones involved in skeletal 

homeostasis are affected by PEMF and 

it increases nitric oxide production and 

levels of reactive oxygen species [15].

There is growing evidence in the literature 

of the beneficial effects of magnetic fields 

on different multiple sclerosis symptoms 

[16], and there have been reports that the 

technique can alleviate symptoms such as 

fatigue, bladder control, and spasticity, as 

well as improve quality of life. The aim of 

this study was to investigate the efficacy 

of PEMF on physical fitness in children 

with juvenile rheumatoid arthritis.

MATERIALS AND METHODS

Study design

This was a randomized, placebo therapy 

controlled trial assessing the effects of 

low frequency magnetic fields versus 

placebo therapy on physical fitness in JRA 

children.

Subjects

Thirty children had polyarticular 

participated in the study ranged in age 

from 8 to 12 years. They were recruited 

for the study from an outpatient clinic 

of "Abo El-Rish pediatric Hospital-Cairo 

University Hospitals" according to the 

following criteria:

Inclusion criteria:

All patients should have fulfilled the 

American College of Rheumatology (ACR) 

criteria for polyarticular JRA: presence of 

arthritis in five or more joints during first 6 

months of disease. Symmetry of arthritis 

however, the degree of involvement 

was varied. Cardinal hallmark signs and 

symptoms of joint involvement in JRA 

that generally were marked by pain, 
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swelling and morning stiffness.

Exclusion criteria:

1 - The use of drugs that could potentially 

interfere with fatigue.

2 - Possible secondary causes of fatigue.

3 - Psychiatric disorders, epilepsy and other 

chronic diseases that could cause fatigue.

4 - Patients who had advanced 

radiographic changes as bone destruction, 

bony ankylosis, knee joint subluxation, 

epiphyseal fractures, and growth 

abnormalities related to marked skeletal 

changes seen in JRA.  All subjects gave 

written informed consent.

Randomization

After the baseline assessment and data 

collection, a computer-generated random 

number list was used to randomize 

patients into two equal groups, the 

PEMF and placebo group. Randomization 

was performed using sequential sealed 

envelopes prepared by an independent 

therapist before enrollment. The 

sealed envelopes contained a record 

of the allocation. The researchers and 

participants were all blind to the group 

allocation throughout the study.

Materials

The ASA magnetic field is a device for 

magneto-therapy, its model is (Automatic 

PMT Quattro pro). It consists of an 

appliance, motorized bed and solenoids.

The appliance was connected to electrical 

mains supplying 230 v ± 10% at a 

frequency of 50 or 60 Hz with earth 

connection. The intensity and spatial 

layout of the generated magnetic field 

depend on the type of solenoid used.

Assessment

All children (control and study) received 

the standard physical therapy treatment 

for JRA , regardless of treatment 

allocation. The standard physical therapy 

program consisted of muscle stretching, 

strengthening exercises, proprioceptive 

training, gait and balance training for 

(one hour /day, 3 sessions/week) for 

successive 12 weeks. The study group 

underwent additional PEMF with the 

standard physical therapy treatment.

All patients were assessed at baseline and 

at the end of therapy (after 12 weeks) by 

the same assessor who was blinded to 

treatment. 

1 - Visual analogue scale (VAS) was used 

to assess levels of pain and anxiety, both 

before (pre) and after (post) magnetic 

field or placebo exposure. The pain scale 

ranged from no pain to worst (from no 

pain=0 to unbearable pain=10) [17].

2 - The six minute walk test (6MWT) was 

performed individually with standardized 

encouragements during the test. An 

indoor quiet corridor distance of 20 

meters between turning points was used. 

Each child was instructed to cover as many 

laps of the course as possible in 6 minutes 

without running. The test was performed 

with no ‘pacer’ (a therapist who walks 

behind the patient) except when there is 

a high risk of falling [18].

Magnetic field application:

The child was asked to remove metal objects 

or anything sensitive to magnetic field such 

as chains, belts, watches, etc.…before lying 

on the bed. Then the child was placed in 

a comfortable supine lying position over 

the motorized bed. During application, the 

child was asked not to move and remain 

stable as much as possible. The appliance 

was connected to electrical mains supplying 

230V± 10%.The solenoids were adjusted 

to be over both knee joints. The options of 

the appliance were adjusted with very low 

frequency (15 HZ), very low intensity (20 

G) for 20 minutes, 3 sessions / week for 

successive 12 weeks [19]. 

Statistical analysis

Statistical analysis was performed using 

SPSS version 16.0. Descriptive statistics of 

mean and standard deviation presented 

the child’s age, weight, height and body 

mass index. Pain and physical fitness 

results pre- and post-treatment values 

were assessed using the ANOVA test. The 

significance level was set at (0.05).
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RESULTS

Thirty children with juvenile arthritis (22 

boys and 8 girls) commenced the 12-week 

low frequency pulsed electromagnetic 

therapy and underwent final analysis at 

the end of the 12-week period. In the 

baseline evaluation, the results of this 

study revealed that there were non-

significant differences between the two 

groups (study group A and placebo 

control group B) before treatment (pre-test 

values) in the demographic characteristics 

including age, height, weight and body 

mass index. Also; results of this study 

revealed that there were non-significant 

differences between the two groups 

before treatment (pre-test values) in the 

measured variables including right knee 

joint pain, left knee joint pain evaluated 

via visual analogue scale (VAS) and 

functional exercise capacity evaluated via 

6 minute walk test (6MWT) (Table 1).

When comparing the mean changes 

in levels of right knee pain, left knee 

pain between the two groups. Results 

revealed that there was significant 

reduction in levels of right and left knee 

pain. Furthermore, there are significant 

differences between both groups in levels 

of knee pain reduction in favor of group 

A. (P-value < 0.05) (Table 2). Also when 

comparing the mean changes in the levels 

of functional exercise capacity between 

the two groups; this revealed that there 

was a significant increase in levels of 

functional exercise capacity in both 

groups. Furthermore, there is a significant 

difference between both groups in 

functional exercise capacity improvement 

in favor of group A. (P-value < 0.05) ( 

Table 2).

The result of this study also revealed that 

after 3 months of pulsed electromagnetic 

field treatment; the percentages of 

change in right & left knee pain levels 

and functional exercise capacity for study 

group A were more than those in group 

B. (Table 3).

DISCUSSION

This study was done to determine the 

efficacy of pulsed electromagnetic field 

treatment on physical fitness in children 

with JRA. PEMF therapy has been found 

to be effective in reducing pain and 

improving physical fitness in children with 

JRA.

Juvenile rheumatoid arthritis is the most 

common chronic rheumatic disease in 

childhood and one of the leading causes 

of pediatric acquired disability [20]. JRA 

persists into adulthood in up to 55% of 

patients, and may have a major impact 

on physical or psychosocial function. 

Children with JRA have reduced vigorous 

physical activity levels, sports participation 

and decreased fitness. Muscle atrophy, 

Character

Age (years)

Height (Cm)

Weight (Kg)

BMI (kg/m2)

Right Knee joint Pain

Left  Knee joint Pain

Functional Capacity (6MWT)(m)

Study group (A)
 

12.22 ± 2.33

145.9 ± 10.76

44.03 ± 10.2

20.16 ± 2.24

5.53 ± 0.83

5.6 ± 0.83

543.93 ± 18.65

Placebo control group (B) 

11.90 ± 2.74

146.03±11.38

44.47±9.87

20.55±1.65

5.53 ± 0.64

5.67 ± 0.62

544.87± 24.04

F-Value

0.145

0.001

0.014

0.285

0.000

0.063

0.014

Table 1: The pre-test values of both groups

P-Value

**0.707

**0.974

**0.907

**0.598

**1.000

**0.804

**0.906

Mean ± SD Mean ± SD

Character

Right Knee joint Pain

Left  Knee joint Pain

Functional Capacity (6MWT) (m)

 
5.53 ± 0.83

5.6 ± 0.83

543.93 ± 18.65

Table 2: Comparison between pre and post-test values of both groups

Mean ± SD
 

2.87 ± 0.64

2.93 ± 0.59

570.00 ± 21.29

Mean ± SD
T-Value

16.73

16.73

- 23.67

P-Value

 
0.00

0.00

0.00

 
5.53 ± 0.64

5.67 ± 0.62

544.87 ± 24.04

Pre
 

3.67 ± 0.82

3.60 ± 0.63

552.33 ± 24.09

Post
T-Value 

 
14.00

31.00

- 13.35

P-Value

 
*0.00

*0.00

*0.00

Study group (A) Placebo control group (B)

Level of significance at  P<0.05.     *= significant   **= non-significant

Level of significance at  P<0.05.     *= significant   **= non-significant
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weakness and anemia contribute to 

reduced fitness, but deconditioning from 

reduced physical activity is likely the 

greatest cause. Reduced participation 

because of disease symptom severity, 

treatment-related side effects or worries 

that exercise may aggravate disease is 

problematic [21]. So it was the cause to 

conduct our study on those children with 

JRA.

The 6MWT is an inexpensive instrument 

for measuring functional exercise 

capacity in pediatric populations. The 

6-min walk test is easier to administer, 

a better reflection of daily activities and 

better tolerated than other walk tests. 

Reproducibility testing has shown good 

reliability (ICC 0.96 in 0.98) for children 

with or without chronic disease [22].

The results of our study revealed a 

reduction in pain at the end of the 

treatment program. The results of this 

study come in agreement with Jacobson 

et al. [23] and Hinman [24]; they 

revealed that there was a significant pain 

relief due to the application of magnetic 

field for patients with RA. Magnetic field-

related pain relief may be contributed 

to the analgesic effect of low frequency 

and low intensity pulsed magnetic field 

therapy that could be attributed to one of 

the following mechanisms:

  

First, the physiological mechanism 

for pain relief due to the application of 

magnetic field may be due to presynaptic 

inhibition or decreased excitability of 

pain fibers [24]. Others postulated that 

magnetic field influences the small C 

fibers [25]. Also, Holcomb et al. [26], 

found that exposure to magnetic field 

produces a reversible blockade of sodium-

dependent action potential firing and 

calcium-dependent responses to the 

irritant.  

Second, the molecular mechanism of 

the effect of magnetic field may involve 

conformational changes in the ion channels 

or neuronal membrane. Considering the 

time required for the effect on action 

potentials, multiple mechanisms must be 

acting simultaneously, possible including 

indirect effects, such as reduction in 

activity of channel phosphorylating 

enzymes [27]. 

Third, evidence exists that pulsed 

magnetic fields can modulate the 

actions of hormones, anti-bodies and 

neurotransmitters at surface receptor sites 

of a variety of cell types [28].   

The PEMF has been shown to increase 

upregulation of gene expression for 

aggrecan, type II collagen synthesis 

[29] and TGF  [30]. TGF  stimulates 

the aggrecan and collagen synthesis, 

suppresses the pro-enzyme forms of 

collagenase and interleukin-1 [31], which 

may result with pain reduction. The 

optimal frequency, intensity and duration 

required for the completion of these 

biological effects and for total recovery in 

human tissues, are unknown. 

In the present study, the improvements 

in functional level in the PEMF group 

have been found superior to those of 

the placebo group. Improvement in the 

stiffness level of the PEMF group can be 

due to enhanced blood circulation in the 

periarticular compartment. PEMF has 

been shown to activate the synthesis of 

nitric oxide which may enhance blood 

flow [32].

Scientific data on the mechanism of the 

effect of pulsed magnetic field therapy on 

fatigue are still unknown but some studies 

showed that short term exposure to pulsed 

electromagnetic fields can influence 

a variety of cellular and neurological 

processes, such as patterns of cortical 

activation and inhibition [33] and activity 

of various neurotransmitters [34-36]. 

However, most of these studies are based 

on small sample groups and used extreme 

different treatment protocols which could 

lead to different results between studies.

A possible -and may be the most 

reasonable- explanation for the improved 

mobility of the PEMF -treated joints 

that were reflected by the increased 

covered distances during the 6 minutes’ 

walk could be an enhanced blood flow. 

Support for this idea could be found in the 

observation that PEMF activates synthesis 

of nitric oxide (NO) [37] and synthesis of 

NO in endothelial cells could be involved 

in enhancing blood flow. Furthermore, it 

was recently shown that PEMF increases 

in vivo and in vitro angiogenesis through 

the endothelial release of fibroblast 

growth factor-2, an important angiogenic 

factor [38]. Thus, there are data 

indicating that improved blood circulation 

in the periarticular compartment could 

occur following treatment. Recent data 

Character

Right Knee joint Pain

Left  Knee joint Pain

Functional Capacity (6MWT) (m)

Study group (A)

48.191 + 8.27

47.56 + 7.97 

47.84 + 0.704

Placebo control group (B) 

34.13 + 9.77

36.79 + 5.26

13.73 + 0.401

F-Value

18.114

19.036

265.98

Table 3: Comparison between the percentages of change in each variable of both groups

P-Value

*0.00

*0.00

*0.00

Level of significance at  P<0.05.     *= significant   **= non-significant
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from several laboratories have suggested 

that PEMF activates cellular signaling 

processes rapidly within5-10 min [39-42] 

and signaling is largely blunted after 30 

min. Thus, future studies could benefit 

from applying a shorter duration of 

PEMF-stimulation, that is, less than one 

hour but several times a day.

CONCLUSION

The results of the current study confirm 

past findings in humans exposed to 

chronic pain that exposure to a specific 

PEMF has a modest pain reducing 

effect in children with  JRA. For these 

patients, exposure to a low frequency 

PEMF produced decreases in pain and an 

increase in physical fitness beyond those 

found in a placebo treatment control 

group. Future research using possibly 

more optimal PEMF parameters should 

be conducted to better understand how 

and when PEMF produce improvement in 

physical fitness.
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