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Abstract
Background:  Further  research  on  pulsed  electromagnetic  field  (PEMF)  effects  on  the  different
conditions  of  low  back  pain  was  warranted  due  to  lack  of  studies  in  this  area.
Objectives:  To  investigate  the  effects  of  pulsed  electromagnetic  field  therapy  with  50  Hz
frequency,  with  low  intensity  of  20  Gauss  compared  to  conventional  non-invasive  treatment
modalities in  patients  with  chronic  non-specific  low  back  pain.
Methods:  Design  ---  A  prospective,  randomized,  patient-blinded,  controlled  trial.  Setting  ---
The study  was  conducted  at  Outpatient  Physiotherapy  Clinic  in  Cairo,  Egypt.  The  study  was
conducted  between  May  2015  and  September  2016.  Participants  ---  Fifty  participants  with  non-
specific low  back  pain  enrolled  into  experimental  and  control  groups.  Interventions  ---  The
experimental  group  received  the  Conventional  physical  therapy  Protocol  as  well  as  magnetic
field, while  the  control  group  received  the  same  Conventional  physical  therapy  and  sham  elec-
tromagnetic  field.  Both  groups  received  12  sessions  over  4  weeks’  period.  Outcome  measures
--- Primary  outcome  measures  was  pain  intensity  while  the  secondary  outcome  measures  were
disability and  lumbar  range  of  motion  ---  ROM.  There  were  no  adverse  events  occurred  during

the study.
Results:  Fifty  participants  with  non-specific  low  back  pain  (control  group  n  =  25;  experimental
group n  =  25)  were  randomized.  There  were  significant  between-group  differences  in  pain  scores

(mean difference  ---  MD  1.52;  95%CI  −0.34  to  3.35),  function  disability  (MD  8.14;  95%CI  6.5  to
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9.96),  Range  of  Motion  (ROM)  of  lumbar  flexion  (MD  −1.27;  95%CI  −1.09  to  −1.45),  ROM  of
lumbar extension  (MD  −1.1;  95%CI  −0.97  to  −1.23),  ROM  of  lumbar  right  side  bending  (MD  8.2;
95%CI 6.56  to  9.84)  and  ROM  of  lumbar  left  side  bending  (MD  10.4;  95%CI  8.81  to  11.99)  in  favour
of the  experimental  group.
Conclusion:  Adding  pulsed  electromagnetic  field  to  Conventional  physical  therapy  Protocol
yields superior  clinical  improvement  in  pain,  functional  disability,  and  lumbar  ROM  in  patients
with non-specific  low  back  pain  than  Conventional  physical  therapy  alone.
© 2018  Associação  Brasileira  de  Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier
Editora Ltda.  All  rights  reserved.
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Introduction

Non-specific  low  back  pain  is  considered  as  a  public  health
problem  globally.1 A  study  speculated  that  the  lifetime
prevalence  of  low  back  pain  reaches  62%  in  adults.  While,
the  mean  point  prevalence  among  the  adults  was  32%.1,2 The
lifetime  of  low  back  pain  among  Egyptian  patients  in  a  fam-
ily  center  reached  48%,  which  indicates  that  low  back  pain
is  a  prevalent  symptom  that  deserves  more  attention.3

Low  back  pain  is  not  only  recognized  as  a  significant  medi-
cal  disease  problem,  but  also  regarded  as  a  major  cause
for  work  absences  in  industrialized  societies.4 Both  results
in  substantial  costs  for  national  economics  and  health  care
systems  because  of  long  lasting  and  cost  intensive  treat-
ment  options  especially  in  chronic  cases.  These  treatments
in  chronic  cases  include  non-invasive  as  well  as  invasive  or
minimally  invasive  modalities,  which  are  associated  with
high  risks  of  adverse  effects  and  increased  morbidity.4 The
risk/benefit  ratio  in  pharmacotherapy  for  low  back  pain  con-
ditions  often  does  not  have  strength  enough  to  persist  with
the  drug  usage.  Moreover,  the  risk  of  pharmacological  addi-
tion,  potential  side-effects,  and  adverse  events,  as  well  as
long-term  toxicity  may  weaken  the  potential  benefit  of  the
pharmacotherapy  approach.5 Despite  the  variety  of  treat-
ments  available,  no  modality  or  therapeutic  approach  stood
out  as  a  definitive  solution.6

Thus,  there  is  still  a  demand  for  new  approaches,  less
invasive  and  unlikely  to  provide  side  effects.7 In  this  sense,
the  pulsed  electromagnetic  fields  (PEMF)  therapy  can  play
an  important  role  in  pain  relief  since  it  is  a  drug-free,  non-
thermal,  with  low  risk  that  works  to  enhance  cellular  activity
healing  and  repair.6 Therefore,  it  could  be  an  option  to
the  non-steroidal  anti-inflammatory  drugs  (NSAIDs)  medi-
cation,  avoiding  several  potential  side-effects  from  chronic
NSAIDs  usage.6 Along  with  this  line,  many  reviews  have  been
performed  to  assess  the  PEMF  effectiveness  in  several  con-
ditions.  In  this  sense,  PEMF  therapy  seems  to  be  able  to
reduce  the  pain  intensity  and  improve  function  in  individ-
uals  suffering  from  low  back  pain.  However,  when  added  to
a  standard  therapy,  PEMF  did  not  add  any  beneficial  effect.7

Li  et  al.8 concluded  that  the  PEMF  showed  moderate  or  no

benefits  in  knee  osteoarthritis.  The  PEMF  showed  beneficial
tendency  on  the  bone  growth  stimulation  in  acute  fractures
and  efficient  in  relieving  pain  and  enhancing  bone  formation
in  osteoporosis.9
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Further  research  is  needed  to  warranty  the  clinical  effect
f  PEMF  in  patients  with  low  back  pain.7 So,  the  aim  of
his  study  was  to  investigate  the  additional  effects  of  pulsed
lectromagnetic  field  therapy  combined  with  conventional
on-invasive  treatment  modalities  in  patients  with  chronic
on-specific  low  back  pain  compared  to  conventional  treat-
ent  alone.

ethods

tudy  design

he  study  was  designed  as  a  prospective,  random-
zed,  patient-blinded,  placebo  controlled  trial.  Ethical
pproval  was  obtained  from  the  institutional  review
oard  at  Faculty  of  physical  therapy,  Cairo  University
efore  study  commencement  [No.:  P.T.REC/012/00422].
he  study  was  followed  the  Guidelines  of  Declaration  of
elsinki  on  the  conduct  of  human  research.  The  study
as  conducted  between  May  2015  and  September  2016.
his  trial  was  prospectively  registered  at  Pan  African
linical  Trials  Registry  (PACTR):  PACTR201805003393380
https://pactr.samrc.ac.za/TrialDisplay.aspx?TrialID=3393)

articipants

 convenient  sample  of  sixty  patients  was  recruited  from  Out
linic  of  Faculty  of  Physical  Therapy,  Cairo  University.  They
ere  enrolled  and  assessed  for  their  eligibility  to  participate

n  the  study.  To  be  included  in  the  study,  the  participants
ere  diagnosed  clinically  with  chronic  non-specific  low  back
ain  by  a  neurologist.  The  participants’  ages  ranged  from  20
o  40  years,  had  low  back  pain  with  a minimum  duration  of

 months,  with  a  Visual  analogue  scale  (VAS)  Pain  score  of
t  least  4  points  (out  of  10).  The  patients  were  excluded  if
hey  were  pregnant  or  lactating  women,  had  history  of  pre-
ious  back  surgery,  radicular  pain,  current  lower  extremity
ymptoms,  cardiopulmonary  disease  with  decreased  activity

olerance,  open  wound  in  the  treated  area,  cauda  equina
ymptoms  or  the  known  presence  of  tumor,  or  previous  any
articipation  in  a  clinical  trial  or  physical  therapy  treatment
ithin  the  past  30  days.6,10,11

https://pactr.samrc.ac.za/TrialDisplay.aspx?TrialID=3393
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Table  1  Demographic  characteristics  of  patients  in  both
groups, presented  as  mean  (SD).a

Variables  Control  group  Study  group

Age  (year)  37.27  ±  2.52  36.73  ±  2.52
Weight (kg)  72.73  ±  8.66  77.4  ±  10.23
Height (cm)  164.27  ±  8.71  162.2  ±  9.73
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andomization

nformed  consent  was  obtained  from  each  participant  after
xplaining  the  nature,  purpose,  and  benefits  of  the  study,
nforming  them  of  their  right  to  refuse  or  withdraw  at
ny  time,  and  about  the  confidentiality  of  any  obtained
nformation.  Anonymity  was  assured  through  coding  of  all
ata.  They  were  randomly  allocated  into  experimental  and
ontrol  treatment  group  by  a  blinded  and  an  independent
esearch  assistant  who  opened  sealed,  opaque  envelopes
hat  contained  a  computer  generated  randomization  card.
o  subjects  dropped  out  of  the  study  after  randomization.

nterventions

articipants  were  randomly  assigned  into;  experimental
roup  received  active  electromagnetic  field  (PEMF)  and
onventional  physical  therapy  Protocol.  The  control  group
eceived  both  sham  electromagnetic  field  and  Conventional
hysical  therapy  Protocol  for  12  sessions  over  a  four-week
eriod.  The  Conventional  physical  therapy  program  for  both
roups  included:  TENS  therapy  for  the  low  back  (15  min  3
ays/week),  with  a  frequency  of  100  Hz  and  fixed  pulse12;
ltrasound  for  5  minutes,  1  Hz,  continuous  mode  of  applica-
ion  1.5  w/cm2.13 The  exercise  programs  were  individually
esigned  based  on  the  patient  examination  and  the  clinical
ndings.  The  programs  consisted  strengthening,  stretch-

ng  exercises  for  the  abdominal,  back,  pelvic,  and  lower
imb  muscles,  suited  to  the  clinical  findings,  3  sessions  per
eek  every  other  day  for  1  month.14,15 The  experimen-

al  group  received  (PEMF)  in  addition  to  the  conventional
rotocol  were  treated  with  an  ASA  magnetic  field  device
Automatic  PMT  Quattro  pro)  with  frequency  of  50  Hz.  The
atient  was  exposed  to  low  intensity  20  Gauss  of  (PEMF)
rom  prone  lying  position  for  20  min/session.16 The  control
roup  received  the  conventional  physical  therapy  treatment
nd  sham  electromagnetic  field.  The  sham  device  did  not
roduce  a  radiofrequency  electromagnetic  field  and  was
dentical  to  the  active  device.  The  energy  from  the  active
evice  did  not  make  any  sensation,  thus  it  could  not  be
otable  from  the  placebo  device.  All  interventions  were
pplied  with  an  expert  physical  therapist,  who  has  10  years
f  experience  in  orthopedic  physical  therapy  field.

utcome  measures

he  primary  outcome  measure  was  pain  intensity  assessed  by
 10-point  visual  analogue  rating  scale,  with  zero  indicating
o  pain  while  10  representing  the  worst  pain.4 The  secondary
utcomes  were  (1)  the  Oswestry  Disability  Index  (ODI),  and
2)  spinal  range  of  motion.  The  ODI  is  a  valid  tool  for  mea-
uring  the  functional  disability  of  LBP  across  five  domains.
%  indicating  no  disability  and  100%,  representing  a  patient
hat  is  completely  disabled.6 Each  item  is  scored  on  a  0---5
cale,  and  the  maximum  score  is  50.17 Both  pain  intensity
nd  disability  are  considered  as  core  outcomes  for  clinical
rials  in  the  field  of  back  pain.18,19 The  valid  Arabic  form  was

ompleted  by  each  patient.20 Spinal  range  of  motion  was
easured  by  the  modified  Schober  test.  A  mark  5  cm  below

nd  another  one  10  cm  above  the  lumbosacral  junction.21

he  range  of  motion  (ROM)  is  the  difference  between  15  cm

t
p
d
s

Duration  of  illness  (month)  7.53  ±  3.27  8.0  ±  2.93
a Significant level is set at alpha level <0.05.

nd  the  length  measured  at  the  end  of  the  motion.11 Firstly,
or  measuring  lumbar  flexion,  the  examiner  instructed  the
atient  to  bend  forward  into  full  lumbar  flexion,  then  the
istance  between  the  skin  marks  was  measured.  Then  the
xaminer  instructed  the  patient  to  bend  backward  as  much
s  he  can  and  the  distance  between  skin  marks  was  mea-
ured  as  lumbar  extension.  For  measuring  Lateral  flexion,
he  distance  from  the  tip  of  the  index  finger  to  the  floor  at
aximal  comfortable  lateral  flexion  was  measured.22

ample  size  and  statistical  analysis
o  avoid  a type  II  error,  a  preliminary  power  analysis  [power
1  −  ˛  error  P)  =  0.85,  ˛  =  0.05,  effect  size  =  0.87,  with  a  two-
ailed  for  a  comparison  of  2  independent  groups]  determined

 sample  size  of  25  for  each  group  in  this  study.  This  effect
ize  was  calculated  according  after  a  pilot  study  of  12  parti-
ipants  (6  in  each  group)  considering  the  pain  intensity  as  a
rimary  outcome.  All  statistical  measures  were  performed
sing  the  Statistical  Package  for  Social  Science  (SPSS)  pro-
ram  version  20  for  windows.  Prior  to  final  analysis,  data
ere  screened  for  normality  assumption,  and  presence  of
utliers.  Descriptive  analysis  using  histograms  with  the  nor-
al  distribution  curve  showed  that  the  data  were  normally
istributed  and  did  not  violate  the  parametric  assumption
or  the  pain,  function,  and  lumbar  flexion,  extension,  right,
nd  left  side  bending.  Additionally,  testing  for  the  homo-
eneity  of  covariance  using  Box’s  test  revealed  that  there
as  no  significant  difference  with  p  values  of  >0.05.  Nor-
ality  test  of  data  using  the  Shapiro---Wilk  test  was  used,

hat  reflect  the  data  was  normally  distributed  for  the  pain,
unction,  and  lumbar  flexion,  extension,  right,  and  left  side
ending.  All  these  findings  allowed  the  researchers  to  con-
uct  parametric  analysis.  Therefore,  a  2  ×  2  mixed  design
ANOVA  was  used  to  compare  the  tested  variables  of  inter-
st  at  different  tested  groups  and  measuring  periods.  The
lpha  level  was  set  at  0.05  (Table  1).

esults

 total  of  60  patients  with  chronic  non-specific  low  back
ain  were  eligible  for  inclusion,  and  50  were  randomized  to
tudy  intervention  (Fig.  1).  The  control  group  consisted  of  25
atients  (13  females  and  12  males)  who  only  received  con-
entional  physical  therapy  plus  placebo  PEMF  for  4  weeks.
he  experimental  group  of  25  patients  (12  females  and
3  males)  who  received  the  same  conventional  physical

herapy,  in  addition  to  PEMF  for  4  weeks.  All  randomized
atients  completed  the  trial.  Statistical  analysis  using  mixed
esign  MANOVA  revealed  that  there  were  significant  within
ubject  effect  (F  =  40.391,  p  =  0.0001)  and  treatment*time
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Enrollment
Assessed for eligibility (n = 60)

Randomized (n = 50)

Allocated to PEMF therapy + traditional
physical therapy program (n = 25)

 Allocated to traditional physical therapy
+sham PEMF (n = 25)

Excluded (n = 10)

• Not meeting inclusion criteria (n = 8)
• Declined to participate (n = 2)

• Received allocated intervention (n = 25)

Available for follow-up (n = 25)

Analysed (n = 25) Analysed (n = 25)

Available for follow-up (n = 25)

• Received allocated intervention (n = 25)

Allocation

Follow-up

Analysis

Figure  1  Flow  chart  of  the  randomized  controlled  trial  in  accordance  with  the  CONSORT  statement.

Table  2  Descriptive  characteristics  for  the  all  dependent  variables  for  both  groups  at  different  training  periods.

Variables  Control  group  Study  group

Pre  Post  Pre  Post

Pain  severity  8.05  ±  7.93  4.11  ±  0.12  7.66  ±  8.23  5.24  ±  0.75
Function disability  50.67  ±  1.32  29.33  ±  7.92  48.73  ±  2.03  35.53  ±  4.59
Flexion 3.23  ±  .77  6.1  ±  0.14  3.20  ±  .67  4.8  ±  0.14
Extension 1.36  ±  .44  2.83  ±  0.15  1.53  ±  .51  1.9  ±  0.12
Right side  bending  68.53  ±  3.89  17.40  ±  4.15  67.8  ±  2.96  24.87  ±  3.98
Left side  bending  69.47  ±  4.02  17.87  ±  3.60  66.93  ±  3.10  25.73  ±  3.82

Table  3  Between-group  differences  at  95%  CI  for  the
effects  of  interventions.

Variables  Between-group  differences

Mean  difference  (95%  CI)  MCID

Pain  intensity  1.52  (−0.34  to  3.35)a 0.85
Disability  8.14  (6.5  to  9.96)a 0.79
ROM flexion  −1.27  (−1.09  to  −1.45)a 0.08
ROM extension  −1.1  (−0.97  to  −1.23)a 0.06
ROM right  side  bending  8.2  (6.56  to  9.84)a 0.74
ROM left  side  bending  10.4  (8.81  to  11.99)a 0.71

CI: Confidence Interval, MCID: Minimal Clinically Important Dif-
ference, ROM; range of motion
Values of all dependent variables are expressed as mean ± SD.

effect  (F  =  10.51,  p  =  0.0001*).  As  well  as,  there  was  sig-
nificant  between  subject  effect  (F  =  1.626,  p  =  0.0001*).
Tables  2  and  3  present  descriptive  statistics,  within  and
between  groups  differences  for  the  effects  of  interventions
for  the  all  dependent  variables.  Regarding  between  subject
effects  multiple  pairwise  comparisons  revealed  that  there
was  significant  difference  of  pain,  function  disability,  and
lumbar  right,  and  left  side  bending  and  significant  increase
between  both  groups  (p  <  0.05)  and  this  significant  reduction
in  pain,  disability,  and  lumbar  right,  and  left  side  bending
and  significant  increase  in  lumbar  flexion  and  extension  in
favor  to  the  experimental  group.
Adverse  events

There  are  no  adverse  events  occurred  during  the  study.

a The mean difference is significant at the 0.05 level.
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iscussion

his  Randomized  Controlled  Trial  (RCT)  study  was  conducted
o  investigate  the  effects  of  pulsed  electromagnetic  field
herapy  with  50  Hz  frequency,  low  intensity  of  20  Gauss  com-
ared  to  conventional  non-invasive  treatment  modalities  in
atients  with  chronic  non-specific  low  back  pain.  The  find-
ngs  of  the  current  study  revealed  that  combination  PEMF  of
0  Hz  frequency,  with  low  intensity  of  20  Gauss  to  the  con-
entional  physical  therapy  protocol  improved  pain  intensity,
isability  and  lumbar  range  of  motion.

The  different  results  obtained  from  the  previous  studies,
ay  be  referred  to  the  different  parameters  applied.  Many

tudies  used  high  intensity  and  frequency  of  the  PEMF,  while
thers  applied  low  parameters  of  the  PEMF.4,7 Another  rea-
on  may  lead  to  the  difference  in  the  outcome  may  be  due  to
he  inclusion  of  acute  or  chronic  patients.  The  present  study
as  conducted  with  a  frequency  of  50  Hz  with  low  inten-

ity  20  Gauss  (2  mT)  of  (PEMF)  which  is  the  recommended
arameters  by  the  World  Health  Organization.22

These  parameters  were  effective  to  decrease  pain  and
isability  as  well  as  to  increase  range  of  motion.16 There
s  strong  scientific  evidence  that  the  best  therapeutic  use
f  magnetic  field  for  treating  musculoskeletal  disorders
nvolves  using  pulsed  magnetic  field  over  10  Gauss  which
upport  our  result.  Using  specific  extremely  low  frequency
ulsed  magnetic  field,  recent  investigations  have  shown
hat  increased  analgesia.  Rats  exposed  to  a  5 mTMF  dis-
layed  greater  analgesic  effects  relative  to  rats  in  control,
aline  injection,  morphine  injection,  and  naloxone  injection
roups.23 In  treating  lumbar  arthritis  with  35---40  mT  PEMFs,
or  20  min  daily  for  20---25  days  successfully  treat  back  pain.
ain  greatly  diminished  with  the  reduction  of  secondary  neu-
ologic  symptoms.24

In  controversy  to  our  results,  a  study  examined  the
fficacy  of  the  magnetic  field  treatment  combined  with
onservative  treatment  of  musculoskeletal  chronic  low
ack  pain  symptoms  in  military  service  members,  there
as  neither  clinically  or  statistically  significant  difference
etween  the  groups  in  reducing  pain.10 Some  studies  did
ot  support  the  use  of  magnet  therapy  in  musculoskele-
al  conditions.  Cater  et  al.25 concluded  that  the  use  of  a
agnet  of  1000  Gauss  for  reducing  pain  in  carpal  tunnel  syn-
rome  was  no  more  effective  than  the  use  of  the  placebo
evice.  Trock  et  al.26 treated  knee  osteoarthritis  and  cer-
ical  spondylosis  with  the  pulsating  electromagnetic  field
10---20  Gauss),  these  authors  reported  a  significant  decline
n  pain  and  augmented  functional  performance  of  treated
atients  implementing  the  effectiveness  of  PEMF  in  relieving
ymptoms  in  patients  with  osteoarthritis.

In  contrary  to  our  results,  Krammer  et  al.,6 found  that
pplying  PEMF  of  low-dose  (0.03  mT),  pulsating  electromag-
etic  field  with  a  frequency  of  27.12  MHz,  in  combination
ith  the  routine  physical  therapy  treatment  add  no  ben-
fit  in  patients  acute  non-specific  LBP.  Weintraub  et  al.27

tudied  the  effect  of  simultaneous  constant  application  of
ermanent  magnets  with  magnetic  field  at  the  center  of  the
evice  was  250  Gauss  to  the  back  and  feet  to  disrupt  and

odulate  neuropathic  pain,  but  it  did  not  demonstrate  any

tatistical  clinical  benefit.  They  explained  their  result  that
A.M.  Elshiwi  et  al.

urrent  devices  generated  a  magnetic  field  that  is  not  deep
nough  to  penetrate  or  influence  the  spinal  nerves.

The  use  of  opened  sealed  envelopes  that  contained
 computer  generated  randomization  card  together  with
ingle  blinding  and  no  subjects  drop  out  were  some  of
he  strengths  of  this  study.  However,  the  non  guideline
pproaches  and  not  using  double  blinding  were  considered
s  the  weak  points  of  this  study.

One  of  the  strengths  of  the  current  study  in  relation  to
ther  studies  was  using  the  sham  device  to  control  for  the
otential  confounders  as  recommended  by  Nayback-Beebe
t  al.10 Future  reviews  are  required  to  state  the  evidence  for
he  recommended  parameters  of  (PEMF)  in  treating  patients
ith  chronic  low  back  pain.

tudy  limitation

here  are  some  limitations  of  this  study.  Firstly,  the  treat-
ent  protocol  that  applied  to  both  groups  is  non  guideline

pproaches  (in  terms  of  using  TENS  and  Ultrasound).1 Sec-
ndly,  the  lack  of  follow-up  for  patients  with  chronic  low
ack  pain  for  several  periods  post  rehabilitation  programs  to
valuate  the  long  term  effect  of  the  PEMF  therapy  in  pain,
isability,  and  ROM.
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rialDisplay.aspx?TrialID=3393)
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