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ABSTRACT

Background: Magnetic fields are considered as one of the most developing and common used modalities in the field of physical therapy.
Physical therapists use magnetic fields for the treatment of various musculoskeletal disorders such as back dysfunction. Pulsed magnetic
field (PMF) was reported to have hazardous effects besides the beneficial effects to subjects who are subjected to it for treatment or
even therapists who are present with patients at the PMF Purposes: To investigate the efficacy of PMF on RBC morphology and
investigate the treatment action of vitamins E and C versus injury influences induced by PMF. Subject: sixty patients (males and
females) with mechanical low back pain (MLBP) were referred by their physician to receive PMF for treatment of their back pain; their
ages ranged from 20-40 years; they were classified randomly into four equal groups. Method: Patients in group I were treated with
PMF (the frequency of 50 Hz, the intensity of 20 gausses, and duration of 20 min) and traditional physical therapy program. Patients in
group II received the traditional physical therapy program only. Patients in group III were treated with PMF and traditional physical
therapy program followed by taking vitamin C, and patients in group VI were treated with PMF and traditional physical therapy
program followed by taking vitamin E. The treatment was applied 3 sessions per week for four successive weeks. The Red Blood Cells
(RBCs) count, hemoglobin (HB), Packed Cell Volume (PCV) and Mean Corpuscular Volume (MCV) were measured before and after 4
weeks of treatment. Results: There was a significant improvement of RBC morphology after treatments in the groups, treated with
PEMEF in addition to vitamin C or E. Conclusion: The RBC morphology is influenced by PMF exposure. Meanwhile, this alternative
showed the signs of advancements with vitamins E and C therapies than PMF exposure alone.

Keywords: Pulsed magnetic field, red blood cell, therapeutic effect, vitamins E and C.
Introduction now generally desirable to qualify the magnetic fields for
various therapeutic processes including late fractures, suffering
Definition of an electromagnetic field is a physical field relief, multiple sclerosis, and Parkinson’s disease. Millions of

produced by in motion electrically charged object, which people worldwide have received assistance in the therapy of

influences the conduct of charged objects in the proximity of
the field. The electromagnetic field develops indefinitely
everywhere and characterizes the electromagnetic interaction
11,

The magnetic treatment supplies a non-invasive, safe, and easy
method to immediately cure the site of damage, the source of

suffering and inflammation, and other kinds of discases. It is
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the musculoskeletal system, in additional suffering relief 1.
There are many various types of magnetic fields treatments
like static magnetic fields (SMF) and pulsed magnetic fields
(PMF); cach has a great group of frequencies and powers. The
scientific studies showed that the small, frequent exposure to
pulsed magnetic fields is the maximum influential form of
magnetic treatment Pl

PMF therapy increases the permeability of the cell membrane,
improves blood circulation, increases oxygen supply, increases
ATP production, stimulates healing process and recovery of
the injured tissues as well as its analgesic and anti-
inflammatory effects 1.

The significant risk electromagnetic waves are common types
of serious contaminations probably due to the PMF, which
influence the role of the body cells Pl. Electromagnetic waves

may cause imponderability in the cell force, which distributes
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cell action. These problems happen according to the severity
of the disruption and damage 1.

In the last few decades, various studies about the biological
effect of PMF exposure have been in progress and most of
them, carried out on mice, rat, and human showed that PMF
induces changes in hematological parameters in these
organisms /I,

Blood and blood parameters are the fundamental particles,
exposed to PMF. Blood being ions are possible to interact with
induced PMF produced by PMF charges. Some reports
indicated that PMF might affect some blood parameters of
mammalian cells depending on the power densities but others
are on the contrary. Several hematological parameters are
sensitive to PMF exposure in animals and humans .
Epidemiological research, conducted up to now, showed a
relationship between the rise of cancer and exposure to PMF.
In response to the general concern about the health effects of
PMF exposure, the International PMF Project was planned by
WHO and the Radiation and Environmental Health Unit,
which arranged research on EMF proportional to the
Environmental Health Criteria, whose major target was to
review the scientific research on the biological influences of
exposure to PMF fields to estimate any health dangers due to
exposure to these fields. The International Agency for
Research on Cancer (IARC) complemented that PMF is
probably carcinogenic to humans 1.

In a study by Forgacs et al., 2005 1" the results reported that
the PMF exposure may slightly, but statistically significantly
change variations in some hematological measurements of
male mice within the physiological domain. It can be seen that
though a lot of studies were conducted most especially on the
way towards having a clear understanding of the effect of PMF
exposure, this issue is still a subject of debate. It is agreed that
the basic mechanism of damage to tissues in the body involves
free radicals. Living microorganisms naturally preserve an
clectric charge in their membranes that are fundamental for
the normal function of human tissues. These accusations are
sensitive to PMF 8],

Some investigators suggest that DNA damage has an oxidative
stress mechanism of free radicals induced by PMF I'""3l. The
definition of an antioxidant system is body defense techniques
that can significantly interact with free radicals and terminate
the chain reaction before the deterioration of vital molecules
like DNA. When free radical output overtakes antioxidant
activity, the oxidative stress occurs. Moreover, frequently
long-period exposure to PMF can lead to an excessive increase
in the free radical output and induces oxidative stress ['*!5],
Studies have shown potential effects of antioxidants, such as
vitamin C, vitamin E, and melatonin, on the oxidative stress
status induced PMF in animals 1],

Abd-Elaziz et al., 2010 ['M found that there are signs of
improvement in the body weight rate and the hematological
measurements through therapies with a magnetic field along
with vitamins E and C.

The necessity for this research was to progress from the

shortage in the quantitative information and knowledge in the

published research around the effect of PMF on RBCs’
morphology. This study was designed to provide a guideline
about the effects of the pulsed magnetic field on RBCs
morphology and to provide a guideline about the therapeutic

action of vitamin E and C.

Materials and Methods

The current study was conducted in the out-clinic of Faculty of
Physical Therapy, Cairo University. This study was conducted
to investigate the efficacy of PMF on RBC morphology and
investigate the therapeutic action of vitamins E and C against
the harmful effects induced by PMF.

Power of the study:

The power of the study was measured post hoc by G*¥Power
3.1 software, with the sample size 60 subjects, 0.05 type I
error (2 tailed) and effect size of 0.99. The power was 0.98.
Design of study

A Randomized Controlled Trial (RCT) to investigate the
efficacy of PMF on RBC morphology and investigate the
therapeutic action of vitamins E and C against the harmful
effects induced by PMF.

Subjects

A sample of sixty patients, suffering from MLBP for more than
3 months, diagnosed as MLBP by an orthopedist was randomly
assigned using a random sequence generator to one of the four
study groups, concealed allocation by opaque sealed
envelopes. The subjects were referred by a physician or an
orthopedist. The study was validated by the Faculty of Physical
Therapy ethical committee, Cairo University. All subjects
provided written informed consent. The subjects were
included if their age ranged from 20-40 years, both male and
female.

The patients were randomly classified into four equal groups;
cach group included fifteen patients:

Group 1: Magnet on Group: 15 patients (8 females and 7
males) were treated with PMF therapy and traditional physical
therapy program (ultrasound and infrared).

Group 2: Magnet off Group: 15 patients (9 females and 6
males) were received traditional physical therapy program
only.

Group 3: (vitamin C group): 15 patients (9 females and 6
males) were treated with PMF and traditional physical therapy
program followed by taking vitamin C.

Group 4: (vitamin E group): 15 patients (7 females and 8
males) were treated with PMF and traditional physical therapy
program followed by taking vitamin E.

Inclusion Criteria are:

All patients were approximately at the same age from 20 - 40
years old.

All patients had MLBP for at least 3 months.

All patients should be conscious and ambulant.

Exclusive criteria were:

Age less than 20 years old and more than 40 years old.

Patients suffered from unstable cardiovascular conditions.

Smokers.
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Pregnant or lactating women.
Contraindications to electromagnetic exposure (Pacemaker,
malignancy, terminal or rapidly progressive illness).
Blood samples were collected from the groups, and then CBC
was measured at two different times. The first measurement
was done at pre-exposure period and the second was done at
immediately post-exposure period.
Evaluation instrumentation:

1. Tubes of blood sample:
Complete blood count (CBC): Ethylene diaminetetraacetate
(EDTA) tubes:
Purple top tubes should be not overfilled, 50-60 % is suitable.
The specimen was gently mixed by 5-10 times inverting and
placed on a rocker for half an hour, then placed at 2-8 °C to
keep the CBC stable for 24 h.
hemolyzed or Clotted specimens were not acceptable. The
clots were checked by a clean wooden applicator stick and
gently swirling blood in the tubes.
In order to overcome the surface tension, EDTA microtainers

were shaken 10-15 times within the tube.

2. Image analyzer:

SAMICA (scanning and measuring with automatic image
contour analysis) product of ELBK GMBH, Germany.
The system was composed of a video camera attached to a
computer programmed to calculate the size distribution.
It was possible by this system to get the image of the RBCs’
film electronically after magnification up to 1200 times.
Therapeutic instrumentations:

1.  Electromagnetic field therapy:
The treatment protocol was achieved by wusing the
clectromagnetic unit ASA magnetic field. It has solenoids
motorized bed, and an appliance. The appliance was connected
to electrical mains supplying 230 V at a frequency of 60 or 50
Hz with earth connection (figure 1). It can generate PMF up to
100 Hz and the intensity varies according to the type of
solenoid. The spatial layout and intensity of the magnetic field
depend on the type of solenoid.

Figure 1: ASA magnetic field (Automatic PMT Quattro pro)
A- The appliance, B- Motorized bed, C- Solenoid, D- Accessory

for transcranial application

2. Ultrasound:
Using Ultrasound device EnrafNonius — Model: Sonopuls
490U [Made in the Netherlands].
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3. Infrared radiation:

Infrared was used as a form of heat for many purposes. Its
model was 4004/2N. The device had a power of 400 w,
voltage 203 v, and frequency of 50/60 Hz.
Procedures:

L. Preparation of the subjects:
Each patient of all groups was asked to fill out the information
sheet.
Every subject was informed about the measurement.
The experimental protocol was explained in details for every
patient before starting the initial assessment.
A written consent form was signed by each patient before
starting.
The treated patients were instructed to report any side effects

during the treatment sessions.

II. Measurement procedures:
The patients were assessed just before and just after the
treatment sessions. The assessment procedures included the
following items:
CBC
RBCs morphology
The blood was drawn in a test tube containing an anticoagulant
(EDTA, sometimes citrate) to stop it from clotting as
recommended by Dacie and Lewis 2006 ['%],

I11. Therapeutic procedures:
Procedures of PMF:
EMF was applied once daily, three times per week every day
for one month.
Each session was conducted for 20 minutes over the lower
lumbar region with the patient placed in a comfortable supine
position.
PMF, the frequency of 50 Hz, intensity of 20 gausses and

duration of 20 minutes ['°).

Procedures of Ultrasound:

The patients were relaxed in a prone position and back free
from clothes. It was done in the lower back paraspinal muscles
at the maximum tender area. The output frequency set at 1
Hz, continuous mode of application 1.5w/cm2 duration of
treatment for 5 minutes/session, 3 sessions/week every other
day for one month %1,

Procedures of infrared:

Superficial heating (infrared lamp) for 20 minutes/session at a
distance of 60 cm from the lumbar region, while patients in a
prone lying position for 12 sessions 3 sessions/week every
other day for one month 1,

Each patient of the group (1), i.e. Magnet on Group was
treated by PMF within 12 sessions over one month period by
the rate of 3 sessions per week in addition to the traditional
physical therapy program.

Each patient in the group (2), i.e. magnet off Group was
treated by traditional physical therapy program only.
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Each patient in the group (3), i.e. vitamin C group was treated
by PMF and traditional physical therapy program followed by
taking vitamin C (2,000 mg per day).

Each patient in the group (4), i.e. vitamin E group was treated
by PMF and traditional physical therapy program followed by
taking vitamin E (15 mg per day).

Data Analysis

Data Collection:
Data were collected before and after the study period (1

month) for all groups. The data collection took the same
sequence and procedure in patients of all groups. These data
included the parameters of CBC and RBCs morphology.
Statistical design:

Statistical analysis was done in order to reach the objectives of
the study.

Data collected from this study were statistically analyzed using
descriptive statistics using the mean and standard deviation for
all groups.

The comparison was made by inferential statistics using
MANOVA and paired t-test to determine the probability level
for the difference in mean value between the results observed

before and after the period of one month in each group.

Results

Data obtained from the four groups regarding RBCs, HB,
PCV, and MCV were statistically analyzed and compared.
General characteristics of the subjects:
Overall, Sixty adult subjects were participated in this study.
General characteristics of these patients are shown in table (1)
and figure (2).

ANOVA test was used to compare the mean age of the four
groups’ subjects and revealed that there was no significant

difference between the groups (p = 0.159).

Table 1: Descriptive statistics and ANOVA test for the

mean age of the four groups

Group [ Group Il Group Il Group IV F- p-

> = = = i
X+sp  X+sp  X+sp  Xisp value vale °

Age 30.77%f 2833 % 26.4 * 26.9
(years) 4.38 3.65 4.93 5.28

2.647 0.159 NS

X:Mean, SD: Standard deviation, p value: Probability value, NS: Non

significant

Mean age of the four groups

Age (years)

Figure 2: Mean age (years) of groups

Effect of the electromagnetic field and
vitamins E and C on the morphology of

RBCs:
As shown in table 2, 2-way MANOVA was conducted to

investigate the effect of EMF and vitamins E and C on RBCs
morphology (RBCs, HB, PCV, and MCV). No significant
interaction influence of treatment and time (P = 0.891),no
considerable effect of therapy (P=0.095), and no considerable
effect of time (P= 0.054) were observed.

Table 2: two-way MANOVA of the effect of EMF and
vitamin C or E on RBCs morphology
MANOVA

Interaction effect (Time * treatment)
F=0.381 P=0.891
Effect of treatment (group effect)
F=3.87 P =0.095
Effect of time

F=3.18 P =0.054

Table 3: Results of MANOVA between pre and post-
treatment mean values of RBCs morphology among

groups.
Jtem Pre-treatment ~ Post-treatment P value
MeantSD Mean £SD
RBCs
Group | 4.710.43 4.44%0.72  -5.5% 0.001
Group II 4.6 £0.35 4.6910.84 -1.9% 0.739
Group III 4.9 £0.29 4.71 £0.81 -3.9%  0.001
Group IV 4.8110.31 4.6510.80 -3.3% 0.001
(P-value) 0.342 0.142
HB
Group | 13.3£1.5 12.1 £1.39 -9%  0.001
Group II 132114 13.1£1.34 -0.7% 0.334
Group III 13.6%1.25 129+1.4  -5.1% 0.001
Group IV 14.1 £1.19 13.4%1.19 -5%  0.001
(P-value) 0.252 0.094
PCV
Group I 40.33 £3.7 38.5+3.75  -4.5% 0.001
Group II 40.26 £4.08  40.04 +4.11  -0.5% 0.001
Group III 41.5%3.58 40.44 £3.78  -2.5% 0.021
Group IV 43.19£3.2 42.11%£3.17  -2.5% 0.001
(P-value) 0.109 0.08
MCV
Group | 86.17 £8.24 87 £8.5 1% 0.001
Group II 85.514.2 85.26 t4 -0.3% 0.291
Group III 84.8 £5.6 85.7£5.9 -1.1% 0.013
Group IV 89.6 +3.16 90.52 +3.17 1% 0.001
(P-value) 0.101 0.064

Comparison of RBCs of the four groups
As shown in table 3 and Figures (3,4), MANOVA test was

conducted and revealed that:

There was no statistically significant difference in pre and post-
treatment RBCs mean values among the four groups
(P>0.05).
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In group I, the mean values of pre and post-treatment RBCs
were (4.7 £0.43) and (4.44 £0.72), respectively. There was a
statistically considerable variation (P=0.001).

In group II, the mean values of pre and post-treatment RBCs
were (4.6 10.35) and (4.69 10.84), respectively and no
statistically considerable variations were observed (P=0.739).
In group III, the average values of pre and post-treatment
RBCs were (4.9 £0.29) and (4.71 £0.81), respectively and
statistically considerable variations were observed (P=0.001).
In group IV, the mean values of pre and post-treatment RBCs
were (4.81 £0.31) and (4.6510.80) respectively, and a
statistically significant difference was observed (P=0.001).

Mean values of RBCs pre and post-dreatment

0Pre-
2 teament

RBCs

Group! - Group IGroup I Group IV

Figure 3: Mean RBCs values of pre and post-treatment within
each group.

Mean values of RBCs among groups pre and post-treatment
5
4

Q6roup!

RBCs
r~

Pre-teament  Post-treatment

Figure 4: Mean RBCs values of pre and post-treatment among

groups

Comparison of Hb of the four groups
As shown in table 3 and Figures (5,6), MANOVA test was

conducted and revealed that there was no statistically
significant difference between the pre and post-treatment Hb
mean values among the four groups (P>0.05).

In group I, the mean values of pre and post-treatment Hb were
(13.3 £1.5) and (12.1 £1.39), respectively and there were
statistically considerable variations (P=0.001).

In group II, the mean values of pre and post-treatment Hb
were (13.2 £1.4) and (13.1 £1.34), respectively and there

were no statistically considerable variations (P=0.334).

In group III, the average values of pre and post-treatment Hb
were (13.6 +1.25) and (12.9 £1.4), respectively and there
were statistically considerable variations (P=0.002).

In group IV, the mean value of pre and post-treatment Hb
were (14.1 £1.19) and (13.4£1.19), respectively, and there
was a statistically significant difference (P=0.002).

Mezn values of Hb pre and post-reatment

15

i OPre-

9 teament
: BPost-

b freatment

]

0

Groupl  Groupll Group Il Group V

Figure 5: Mean Hb values between pre and post-treatment

within each group.

Mean values of Hb among groups pre and postreatment

meioup!
B Groupll

Pre-feament Post-freatment

Figure 6:Mecan Hb values of pre and post-treatment among

groups .

Comparison of PCV between the four
groups

As shown in table 3 and Figures (7, 8), MANOVA test was
conducted and revealed that there was no statistically
significant difference between the pre and post-treatment PCV
mean values among the four groups (P>0.05).

In group I, the mean values of pre and post-treatment PCV
were (40.33 £3.7) and (38.5 £3.75), respectively and there
were statistically considerable variations ( (P=0.001).

In group II, the mean values of pre and post-treatment PCV
were (40.26 £4.08) and (40.04 F4.11), respectively and
there were statistically considerable variations (P=0. 001).

In group III, the average values of pre and post-treatment PCV
were (41.5 £3.58) and (40.44 £3.78), respectively and there
were statistically considerable variations (P=0.021).

In group IV, the mean values of pre and post PCV were (43.19
+3.2) and (42.11£3.17), respectively, and there were
statistically considerable variations (P=0.001).
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Mean values of PCV pre and post-treatment

0

40

Kl

OPre-
teament

PCwWw

|

10

Groupl  Group I Group Il Group IV

Figure 7: Mean PCV values of pre and post-treatment within
each group.

Mean values of PCY zmang groups pre and post-treatment

50

]

El|

PCw

|

Pre-teament Post-treatment

Figure 8:Mecan PCV values of pre and post-treatment among

the groups

Comparison of MCV between the four
groups

As shown in table 3 and Figures (9,10), MANOVA test was
conducted and revealed that there was no statistically
significant difference in the pre and post-treatment MCV mean
values among the four groups (P>0.05).

In group I, the mean values of pre and post-treatment MCV
were (86.17 £8.24) and (87 £8.5), respectively and there
were no statistically considerable variations (P=0.001).

In group II, the mean values of pre and post-treatment MCV
were (85.5 14.2) and (85.26 *4), respectively and there
were no statistically considerable variations (P=0. 291).

In group III, the mean values of pre and post-treatment MCV
were (84.8 +5.6) and (85.7 £5.9), respectively and there
were statistically considerable variations (P=0.013).

In group IV, the mean values of pre and post-treatment MCV
were (89.6 £3.16) and (90.52 £3.17), respectively and there
was a statistically significant difference (P=0.001).

Mean values of MCV pre and post-treatment

OPre-
teament

MICW

Groupl  Group Il Group il Group IV

Figure 10: Mean MCV values of pre and post-treatment

within each group.

Mean values of MCV among groups pre and post-treztment

100
80
D6roup!
0 0 0 Groupl
2 Group Il

10

0

Pre-feament Post-{reatment

Figure 11: Mean MCV values of pre and post-treatment

among groups

Discussion

In our study, we noticed a decrease in RBCs, HB, PCV, and
MCYV compared to the control group. There was a significant
improvement of RBC morphology after treatments in the
groups by PMF in addition to vitamins E and C.

These results were supported by Cheng et al., 2005 ! who
indicated that the concentration of Hb in living RBCs was
lowering and the molecular structure of Hb was varied by the
electromagnetic action. The structure of RBCs membrane can
be changed. PMF change the shape, structure, and assignment
of the cell membrane and affects the structure and role of
intracellular material, like the structural variation of
intracellular protein and the laceration of the DNA chain.
After PMF exposure, the components of the membrane and
cytoskeleton can be recombined, the permeation of cell
membrane excesses and the structure of RBCs membrane can
be varied. In the finding, the Hb and ions progressive from
RBCs, and the absorbance of Hb was lowering.

These results come in agreement with the work of Yao et al.,
2005 2! who observed the alteration in the structure of
hemoglobin interior the RBCs membrane, influencing the
physiological role and capacity of oxygen transport, as shown

through a lowering in the hemoglobin concentration after
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exposure to electromagnetic. Our results are consistent with
the study conducted by Forgacs et al., 2005 P in which the
results showed several hematological variables such as RBCs,
hematocrit, hemoglobin, and platelet levels are sensitive to
PMF exposure.

These results are in agreement with Rusnani et al., 2008 1*°!
who observed that there was a decrease in RBC after the fifth
month of PMF exposure, which corroborates the findings of
this work. In contrast, Zsolt et al., 2006 1**! reported the
greatest values in RBC and PCV after exposure of mice with
PMF only for the duration of 2 hours/day for 2 weeks on
work days.

The effects of PMF on RBCs have been reported by many
authors in an attempt to reveal the biological effects associated
with PMF exposure. One of the animal studies concluded that
exposing the rats to PMF of 50 Hz, resulted in change in the
RBCs membrane deformability and = solubilization, this
remarkable changes may be due to the failure of ATP function
in the erythrocytes that might occur under the influence of
PMF or the change in the hormonal balance and level due to
irradiation, which disturbs the enzymatic activity 71,

Exposure of albino rats to 50 Hz, 0.2 mT PMF resulted in the
reduction of RBCs membrane elasticity and permeability and
alterations in the molecular structure of hemoglobin. The
electrocardiograph (ECG) of the exposed animals was
significantly altered. The results also observed that there was
no sign of reforming in the newly generated RBCs’ structure
after eliminating the animals from the magnetic field, which
showed that the blood generating system was dangerously
damaged. The disturbance in the heart of the rats was
designated to the damage of some physiological roles of the
RBCs as a finding of the animals' exposure to the PMF %1,
These results come in agreement with the work of Abdel Aziz
etal., 2010 " who found that there was a significant decrease
in RBC, HB, MCV, and PCV. Moreover, he found that there
were signs of improvement in the hematological parameters
through therapies with the electromagnetic field along with
vitamin C or E.

Amara et al., 2006 and Chater et al., 2006 1**3% found that
regular exposure to PMF can increase the volume of plasma,
leading to decrease in the RBC and hemoglobin concentrations
in the blood.

Attia et al 2002, Al-Glaib et al., 2008 and Zaghloul, 2011 B!
reported that PMF has an adverse effect on hemopoietic tissue,
which cause a decrease in RBCs count due to destruction in
the spleen tissues. The spleen is a lymphatic organ, which
stores blood corpuscles. Any abnormality in the spleen as a
result of PMF can lead to hemolysis or destruction of RBCs
within the spleen *l. The spleen hyperfunction increased the
destruction rate of RBCs, which could ultimately lead to a
decrease in hemoglobin concentration P4,

Many kinds of research showed that no side influences of PMF
energizing by characterizing therapy response and
determination of blood, serum, liver, and kidney functions.
None of them reported other side effects and PMF has a long

term record of safety [*3¢1,

These results are contradicted with the work of In Dasdag et
al.,, 2002 P who found that some of the hematologic
parameters (RBCs; hemoglobin; hematocrit) were similar in
both groups. The results suggest that PMF does not affect the

hematologic parameters.

Conclusions

This investigation was conducted to research the influence of
PMF with frequency 50 Hz, the intensity of 20 gausses and
duration of 20 min on RBCs morphology. In this study, we
also researched the therapeutic influence of vitamins E and C
on the patients while exposing to PMF.

It was concluded that the morphology of RBCs is influenced by
PMF exposure. Furthermore, most of these alterations were
showed that the signs of advancements with vitamins E and C

therapies than to PMF exposure alone.
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