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Abstract

Background:  One  proposed  mechanism  of  chronic  low  back  pain  might  be  paraspinal  muscle

impairment.  Commonly,  this  impairment  is  treated  with  stabilization  exercises.  However,  the

effect size  of  stabilization  exercises  has  been  previously  reported  to  be small.

Design: Randomized  controlled  trial.

Objective:  To  investigate  the  clinical  benefit  of  using  neuromuscular  electrical  stimulation  as

a supplement  to  stabilization  exercises  in  patients  with  chronic  low  back  pain.

Methods: Thirty  participants  with  chronic  low  back  pain  were  randomized  into  a stabilization

exercise only  group  (n  =  15)  or  a  stabilization  exercise  plus  neuromuscular  electrical  stimula-

tion group  (n  = 15).  The  stabilization  exercises  included  abdominal,  side  support,  and quadruped

exercises.  The  neuromuscular  electrical  stimulation  was  applied  to  the lumbar  paraspinal  mus-

cles for  20  min  each  session.  Both  groups  received  their  respective  interventions  twice  a  week

for 6  weeks.  Participant  eligibility  for  inclusion  was  age  between  18  and  60  years,  body  mass

index  ≤34,  chronic  low  back  pain  ≥3  months,  Numeric  Pain  Rating  Scale  ≥3, Modified  Oswestry

Disability  Questionnaire  score  ≥20  and  ability  to  understand  English.  Outcome  measurements

were self-reported  neuromuscular  electrical  stimulation  tolerability  scale,  Modified  Oswestry

Disability  Questionnaire,  Numeric  Pain Rating  Scale,  Fear-Avoidance  Beliefs  Questionnaire  and

paraspinal  muscle  strength.

� Trial registered: NCT02864732 (https://clinicaltrials.gov/ct2/show/NCT02864732).
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Results:  The  neuromuscular  electrical  stimulation  was  reported  to  be  tolerable.  There  were  no

significant  between-group  differences  on  any  of  the outcome  measures  (p  >  0.05).

Conclusions:  The  application  of  neuromuscular  electrical  stimulation  on  the  paraspinal  mus-

cles was  reported  to  be tolerable.  Supplementing  stabilization  exercises  with  neuromuscular

electrical  stimulation  did  not  offer any  additional  clinical  benefit  for  the chronic  low  back  pain

patients.

© 2018  Associação  Brasileira  de  Pesquisa  e Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier

Editora Ltda.  All  rights  reserved.

Introduction

Chronic  low  back  pain  (CLBP)  is  a symptom  with  unknown
etiology.  Patients  with  CLBP  are  commonly  prescribed  sta-
bilization  exercises.1,2 Prescribing  stabilization  exercises
is  based  on  the rationale  that  CLBP is  associated  with
motor  control  impairments3---6 and atrophy  of  the  paraspinal
muscles.7---16 These  impairments  presumably  render  the
spinal  muscles  unable  to  produce  sufficient  activation  to
maintain  spinal stability.17---19 However,  stabilization  exer-
cises  have  been reported  to  have  only  a  small  treatment
effect  in  the  short-term,20,21 and  their  effectiveness  has  not
been  shown  in the long-term.21

Due  to  this  limited  success  with  stabilization  exercises,
we  postulate  that stabilization  exercises  alone  may  not suf-
fice  to  produce  the appropriate  levels  of  muscle  activation
needed  to maintain  spinal  stability  during  the performance
of  routine  activities  of  daily-living  or  more  complex  func-
tional  tasks.  One  hypothesis  is  that  spinal  muscle  activation
may  be  enhanced  if stabilization  exercises  are  supple-
mented  with  neuromuscular  electrical  stimulation  (NMES).
This  hypothesis  is supported  by  reports  in the literature
suggesting  that  NMES  can  activate  the superficial  and  deep
paraspinal  muscles,22 and can  potentially  produce  improve-
ment  in  pain  levels  in patients  with  CLBP.23 One  randomized
controlled  trial  (RCT)  showed  that  combining  NMES  with
Transcutaneous  Electrical  Nerve  Stimulation  (TENS)  resulted
in  significant  reduction  in pain  than  TENS  or  placebo  alone.24

A  recent  RCT  showed  that  combining  NMES  with  volitional
exercises  for  older  adults  with  CLBP may  improve  their func-
tion  and  walking  endurance.25

Therefore,  the  purpose  of  this  pilot  study  was  to:  (1)
explore  whether  patients  with  CLBP could  tolerate  the
application  of  NMES  on their  paraspinal  muscles;  and  (2)
investigate  whether  supplementing  a  stabilization  exer-
cise  program  with  NMES  could  influence  clinical  outcomes
of  function,  pain, fear-avoidance  behavior,  and  paraspinal
muscle  strength.

Methods

This  was  a  randomized  controlled  trial. All  study proce-
dures  were  performed  at the  Human  Movement  Laboratory
at  University  of  Pittsburgh.  Subjects  were recruited  from
the  general  public in the  Pittsburgh  metro  region  using
flyers,  the  University  of  Pittsburgh  research  registry  and
craigslist.com.  The  inclusion  criteria  specified  age between
18  and  60  years,  body  mass index  (BMI)  less  than 34,  CLBP

duration  of  3  months  or  greater,  Numeric  Pain  Rating  Scale
(NPRS)  of 3 points  or  greater,26 Modified  Oswestry  Disability
Questionnaire  (MODQ)  score  of 20%  or  greater,27 and ability
to  read, write  and  understand  English.  The  exclusion  criteria
were  positive  nerve  root  tension  signs,  signs of  progressive
or  persistent  neurological  deficit,  history  of  spinal  surgery,
inflammatory  joint  disease  or  cardiac  disease,  contraindi-
cations  to  NMES  (e.g.  skin allergy  to  adhesives),  history  of
metastatic  cancer  in the previous  5  years  or  present  treat-
ment  for  cancer,  pregnancy  or  plans  to  become  pregnant.

The  Institutional  Review  Board  at University  of Pitts-
burgh,  Pittsburgh,  PA,  approved  the study  (IRB  approval  #
PRO12100651).  All participants  signed  a  consent  form  prior
to participation,  and  the rights  of  the  participants  were  pro-
tected.  The  trial  was  registered  on  clinicaltrials.gov  (ID:
NCT02864732).

Intervention

Research  participants  were  randomized  into  one  of  2 treat-
ment groups:

•  Stabilization  exercises  program  only (stab-only)
•  Stabilization  exercises  program  supplemented  with  NMES

(stab  + NMES).

Each  subject  was  scheduled  for  2 treatment  sessions
per  week over  a  6-week  period.  The  sessions  lasted  20  min
for  the stab-only  group,  and  40  min for  the  stab  + NMES
group.  The  stabilization  exercise  program  that  we  used  has
been  previously  described  in the  literature.1,28 The  program
included  abdominal  bracing  exercises,  side  support  exer-
cises,  and  quadruped  exercises  (Appendix  1).  The  exercises
were  conducted  under  the supervision  of a licensed  physical
therapist.

For  subjects  assigned  to  the  stab  +  NMES  group,  the  NMES
was  applied  at the  start  of  the  session  for  20  min,  followed  by
the  stabilization  exercise  program.  The  NMES  was  applied  to
the  lumbar  paraspinal  muscles  bilaterally  using  an Empi  300
portable  unit  (Empi,  599  Cardigan  Rd,  St.  Paul,  MN  55126).  A
pillow  was  placed  under  the abdomen  of the prone-lying  sub-
ject.  Two  large  (12  cm  × 6  cm)  self-adhesive  electrodes  were
applied  to  the  paraspinal  muscles,  one electrode  on  each
side.  The  NMES  parameters  were  set  to  produce  a  pulse  fre-
quency  of  75 pulses  per  second, a pulse  duration  of  250  �s,
with  a 4-s  ramp  up  and ramp  down  time,  and  a 6-s  stim-
ulation  period  at  the maximum  amplitude,  followed  by  a
50  s rest  period  to minimize  fatigue.  These  parameters  were
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Table  1  Baseline  characteristics  and  demographics.

Stab-only(Mean  ±  SD) Stab  +  NMES(Mean  ±  SD)

Age  38.33  ±  11.3 33.40  ±  9.0

Height (cm)  164.98  ± 7.6  171.3  ±  10.0

Weight (kg)  71.11  ±  14.2  77.71  ±  13.2

Body mass  index  (kg/m2)  25.89  ±  3.8 26.47  ±  2.9

MODQ 30.80  ±  10.2  30.52  ±  7.8

NPRS 4.44  ± 1.8  4.20  ± 1.9

FABQ-PA  12.33  ±  5.5 14.27  ±  6.5

FABQ-W 12.20  ±  10.9  11.67  ±  10.5

Paraspinal muscles  strength  (Nm) 117.29  ± 57.7 154.49  ±  59.1

Gender n  n

Male 4 7

Female 11  8

Ethnicity

White Caucasian  9 13

African-Americans  4 1

Asians 1 1

Others 1 0

NMES, neuromuscular electrical stimulation; SD, standard deviation; MODQ, Modified Oswestry Disability Questionnaire; NPRS, Numeric
Pain Rating Scale; FABQ-PA, fear-avoidance behavior questionnaire --- physical activity; FABQ-W, fear-avoidance behavior questionnaire
--- work.

extrapolated  from  NMES  studies  applied  to  the quadriceps
femoris  muscles.29---31

All  subjects  were instructed  that  the  higher  the current
intensity,  the  stronger  and  better  the  muscle  activation.
Also,  they  were  instructed  to  perform  active  trunk  exten-
sion  as soon  as  they  felt  the  electrical  current  ramp  up, and
to  return  to  the resting  prone  position  when the current
ramped  down.

Outcome  measures

Baseline  evaluation  included  obtaining  demographic  data
and  outcome  measures  (Table 1).

Self-report  of  NMES  tolerability

The  assessment  of  NMES  tolerability  was  performed  by  ask-
ing  each  subject  in  the  stab  + NMES  group  to  describe  their
subjective  perception  of  both  the  intensity  and  discomfort
of  the  NMES  current  using  the verbal  descriptors  listed  in
Table  2.

The  subjects  were  asked  to  increase  the NMES  current  to
20  mA.  Each  subject  was  informed  that  20  mA  corresponded
to  the  ‘‘extremely  weak’’  descriptor  in terms  of the  sen-
sory  aspect  of the current,  and the ‘‘bearable’’  descriptor  in
terms  of  the  affective  aspect  of the  NMES  current.  Each  sub-
ject  was  then asked  to increase  the intensity  to  their  highest
level  of  tolerance.  Once  the  highest  tolerance  was  reached,
the  subject  was  asked  to  provide  new  descriptions  of  their
perception  of  the current  tolerability  in relation  to  the
20  mA  reference  current.  This  approach  to  measuring  NMES
current  tolerability  has  been  described  in the literature.32

Functional  outcome  measure

The  MODQ  is  a  self-reported  measure  of  functional  disability
consisting  of  10 questions  about  various  activities  related  to

back pain.  Each  question  has  6  possible  responses  ranging
from  0  to  5, with  a  total  possible  maximum  score  of  50.
The  total  MODQ  score  is multiplied  by  2 to  get  a percentage
score,  with  higher  percentages  indicating  greater  levels  of
self-reported  disability.  The  MODQ  has  excellent  reliability
and  good construct  validity.27

Pain  outcome  measure

The  NPRS measures  pain  intensity  on  an  11-point  scale  from  0
(no  pain)  to  10 (maximum  pain).  We  used the  ‘‘triple  NPRS’’
in which  the  subject  is  asked  to  respond to  three  questions:
(1)  the  intensity  of  current  pain;  (2)  the  best pain  intensity
in  the past  24  h; and  (3)  the  worst  pain  intensity  in  the  past
24  h.  The  mean  of these  sub-scores  was  reported  as  the sub-
ject’s  NPRS score.  The  triple NPRS  has  excellent  reliability
and  good validity.26

Fear-avoidance  outcome  measure

The  Fear  Avoidance-Behavior  Questionnaire  (FABQ)  is  a self-
reported  questionnaire  consisting  of  a  total  of 16  items,
divided  into  two  subscales:  physical  activity  (5 items)  and
work  (11 items).  Not  all  items  are calculated  toward  the
final  score  (i.e. item  1 in the physical  activity  scale,  and
items  8,  12,  14  and  16  in the work scale  do not  count).  The
total  possible  maximum  FABQ  score  is  66,  with  higher  scores
indicating  greater  levels  of fear  avoidance.  The  FABQ  has
acceptable  levels  of reliability  and  validity.33

Muscle  strength  outcome  measure

Paraspinal  muscle  strength  was  assessed  using  the Biodex  3
Pro  dynamometer  (20  Ramsey  Rd, Shirley,  NY 11967).  Active
extension  of  the trunk was  performed  with  the subject  in a
semi-standing  position;  the subject’s  hips  were  flexed  at  60
degrees  with  the  feet  resting  on  an adjustable  footrest.  The
thighs  were  secured  to  the  seat  with  two  Velcro  straps.  The
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Table  2  Descriptors  of  intensity  (sensory)  and  discomfort  (affective)  aspects  of  electrical  stimulation.

Descriptors  of  sensory

aspect  of  the  NMES

current

Sensory  descriptors

categories

Descriptors  of

affective  aspect  of

the  NMES  current

Affective  descriptors

categories

Extremely  intense  15 High  intensity

descriptors

Excruciating  15 High  discomfort

descriptorsVery intense  14  Intolerable  14

Very strong  13  Unbearable  13

Intense 12  Agonizing  12

Strong 11  Horrible  11

Slightly intense 10 Moderate  intensity

descriptors

Dreadful  10 Moderate  discomfort

descriptorsBarely strong 9  Frightful  9

Moderate 8  Awful  8

Slightly moderate  7  Miserable  7

Very moderate  6  Oppressive  6

Mild 5 Low  intensity

descriptors

Distressing  5 Low  discomfort

descriptorsVery mild 4  Uncomfortable  4

Weak 3  Unpleasant  3

Very weak 2  Distracting  2

Extremely weak 1  Bearable  1

The sensory and affective adjectives are numbered from 1  to 15. They are divided into high (11---15), moderate (6---10) and low (1---5).
These divisions were not shown to the subjects; the subjects were only shown the two columns of  the sensory and affective descriptors.
NMES, neuromuscular electrical stimulation.

scapulae  rested  against  a bar.  The  trunk  was  secured with
two  Velcro  straps that  crossed  the front  trunk  forming  the
shape  of  an  ‘‘X’’.  Using  the  same  verbal  instructions,  each
subject  was  asked  to  extend  the  trunk by  exerting  maximal
isometric  contraction  for  5 s against  the  scapular  bar.  The
average  of  three  5-s trials  was  recorded  in Nm.

All  of  the  outcome  measures  were  collected  at  baseline
and  post-treatment  at week  6 during the  final  session.  The
MODQ  and  NPRS  were  also  collected  at week  10;  4  weeks
after  the  final treatment  session.

Sample  size

The  total  sample  size (n  =  30)  was  based upon  the resources
available  to  conduct  this  study.  As  such,  we  did  not  conduct
a  formal  power  analysis.

Randomization  and  blinding

We  used  a  randomization  website  (www.graphpad.com)  to
randomize  subjects  into  the 2  treatment  arms  (1:1  ratio).
The  website  generated  a  list  of  group  allocation  at random.
The  list  was  kept  in  a locked  cabinet,  and  each consecu-
tive  patient  was  assigned  a  group  based on  that  list.  Due  to
the  nature  of  the  intervention,  there  was  no blinding  in this
study.

Statistical  analysis

Descriptive  statistics  were used  to report  the baseline
demographics  and  characteristics  of  each  treatment  group
(Table  1).  Independent-sample  t  tests  or  Mann---Whitney  U

tests  were  used  to  assess  if there  were  any  significant  differ-
ences  between  the groups  at baseline  (Table  1).  Descriptive
statistics  were  also  used  to  summarize  tolerability  data  by

reporting  the  percentages  of  subjects  who  rated  the sensory
and  affective  aspects  of  NMES  intensity.

For the clinical  outcomes  of  MODQ,  NPRS,  FABQ  and
paraspinal  muscle  strength,  we  used  a  separate  2 ×  2
(group  ×  time)  mixed  analysis  of  variance  (ANOVA)  to  test
for  between-group  significance  from  baseline  to the  6-week
assessment  point for  each outcome  measure.  Assumptions
of  normality  and homoscedasticity  were  checked.  The  level
of  significance  was  set  at p < 0.05  for  all  comparisons.

Missing  data  were  managed  by  multiple  imputation  tech-
nique,  which  creates  5 sets of  imputed  data  beside  the
original  data  set.  We  replaced  each missing  value  by  a  value
that  was  pooled  from  the  5 sets.

Results

The  study  was  conducted  from  January  2014  to  January
2015.  We performed  baseline  screening  examinations  on  56
subjects  with  CLBP;  16  declined  to  participate,  and  10  were
ineligible.  The  remaining  30  participants  were  randomized
to  one  of the two  treatment  groups  (Fig.  1).  The  dropout
rate  was  13%.

Table 1  presents  the  baseline  characteristics  and  demo-
graphics  of the two  treatment  groups.  The  stab  +  NMES  group
had younger  participants,  more  males,  and higher  baseline
scores  of  paraspinal  muscle  strength  compared  to  the stab
only  group.

Subjects  in the  stab  +  NMES  group  were  able  to  increase
the  current  intensity  from  baseline  to  post-intervention  at
week  6 (Table  3). Despite  this  increase  in current  inten-
sity,  100%  of  the subjects  reported  low  discomfort  with  the
current.

All  self-reported  clinical  outcome  measures  (i.e. MODQ,
NPRS,  FABQ-PA  and  FABQ-W)  showed  no  interaction  of
group  with  time  (p  >  0.05).  Also,  there  were  no  significant

http://www.graphpad.com/
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Assessed for eligibility (n=56) 

Exclud ed (n=  26)

♦ Not  mee ting  inclusion criteria (n=10 )

♦

•

•

Declined to participa te (n=  16)

- Req uired higher compensation (n= 8)
- Required transportation (n= 5)
- Did not show up for screening (n=3)

Stab-only (n= 13)

Discontinued the intervention (n= 2)

• 1 f or time con straints

• 1 f or unkno wn rea sons

All ocated t o stab-only (n= 15 )

Discontinued t he interven tion  (n= 2)

1 f or de veloping  pain aft er lifting heavy

object 

1 f or unkno wn rea sons

Allocated to stab +  NMES (n= 15) 

Stab + NMES (n= 13 )

Allocation at baseline

Analysis at wee k 6 (post-treatment)

Rando mized (n= 30)

Enrollment

Figure  1  Flowchart  outlining  subjects  flow  throughout  the trial.

Table  3  Electrical  stimulation  ratings  of sensory  (intensity)  and  affective  (discomfort)  aspects  at baseline  and  final  session.

Sensory

descriptors

categories

Baseline  Final  session

(6  weeks)

Affective

descriptors

categories

Baseline  Final  session

(6 weeks)

High  60%  76%  High  0%  0%

Medium 40%  24%  Medium  0%  0%

Low 0% 0  Low  100% 100%

See Table 1 for a  list  of  descriptors.

differences  between  the  groups  on  any  of  these  outcome
measures  (p  > 0.05)  (Table  4).

For paraspinal  muscle  strength  testing,  we  ran a mixed
ANOVA  controlling  for  age,  gender,  ethnicity  and  baseline
paraspinal  muscle  strength.  There  was  no  interaction  of
group  with  time  (p  = 0.12),  and  no  significant  difference
between  the  groups  (p =  0.12).

Discussion

Tolerability  of NMES

Supplementing  a stabilization  exercise  program  with  NMES
had  no  negative  effect  on retention  or  rate  of  adherence  to
treatment.  The  NMES  was  tolerable  on  the lumbar  paraspinal
muscles  without  any adverse  events  reported.  All of  the
subjects  were  able  to  increase  the  current  intensity  from
baseline  to 6 weeks,  suggesting  that  subjects  were able  to
adapt  to  the  intensity  of  NMES  current  over  time.  The  NMES
intensities  that  can  be  applied  to  the  lumbar  paraspinal  mus-
cles  are  similar  to  the intensities  that  have  been  applied  to

the quadriceps  femoris  muscle.30,31,34,35 For  example,  in a
study  by Snyder-Mackler  et al.,31,34 a number  of subjects
were  able  to use  the full available  amperage  of  the  NMES
devices,  which  was  100  mA.  In  our  study,  we  had  similar
findings.

Subjects  were  able to  successfully  distinguish  between
the sensory  and affective  aspects  of  the NMES  current,  which
is  relevant  to  day-to-day  physical  therapy  practice.  Physical
therapists  can  continuously  encourage  patients  to  increase
the  NMES  intensity  to  achieve  high  levels  of  contraction;  and
at  the  same  time  assure  the  patients  that  higher  intensity  is
safe  and  will  become  more  comfortable  from  one session  to
the  next.

Since there  were no  universally  accepted  NMES  parame-
ters,  we  chose  the parameters  suggested  by  clinical  practice
guidelines.29 These  parameters  consist  of  high  frequency
(>50  Hz)  and long  pulse duration  (150---300  ms),  the com-
bination  of  which  can  create  a  strong  quadriceps  femoris
muscle  contraction.29,36 We  recognize  the  quadriceps  muscle
is  different  from  the paraspinal  muscles.  However,  since  the
quadriceps  femoris  is  such a  large  muscle  that can  achieve
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Table  4  Outcome  measures  scores  for  each  group  over  time.

Baseline  6  weeks  �  within  group  �  between  group(95%  CI)

Outcome,  mean  ± SD

MODQ  (0---100  scale)

Stab-only  30.80  ± 10.2  12.81  ±  5.2  17.99* −1.68

(−7.88---4.19)Stab +  NMES  30.52  ± 7.8  14.49  ±  10.2  16.03*

NPRS  (0---10  scale)

Stab-only  4.44  ± 1.8  2.07  ±  1.1  2.37* −0.27

(−1.24---.70)Stab +  NMES  4.20  ± 1.9  2.34  ±  1.5  1.86*

FABQ-PA  (0---24  scale)

Stab-only  12.33  ± 5.5 8.41  ±  6.0 3.92* −2.33

(−6.38---1.71)Stab +  NMES 14.27  ± 6.5 10.75  ±  4.7 3.52*

FABQ-W  (0---42  scale)

Stab-only  12.20  ± 10.9  8.87  ±  9.6  3.33 1.12

(−5.37---7.61)Stab +  NMES  11.67  ± 10.5  7.75  ±  7.6  3.92

Paraspinal  muscle  strength  (Biodex  3  Pro  dynamometer)*,‡

Stab-only  117.29  ±  57.7  Nm  162.30  ± 55.2  Nm  45.01* −13.51

(−56.00---28.98)Stab +  NMES  154.49  ±  59.1  Nm  175.80  ± 58.4  Nm  21.31*

SD, standard deviation; MODQ, Modified Oswestry Disability Questionnaire; NMES, neuromuscular electrical stimulation; NPRS, Numeric
Pain Rating Scale; FABQ-PA, fear-avoidance behavior questionnaire --- physical activity; FABQ-W, fear-avoidance behavior questionnaire
--- work; 95% CI, 95% confidence interval.

* Indicates significant within group difference (p <  0.05).
‡ Controlling for age, gender, ethnicity, and baseline paraspinal muscle strength difference.

faster  recovery  with  electrical  stimulation  of  10%  of  max-
imum  voluntary  contraction,31 we  expect  that  a  smaller
muscle  like  the  paraspinals  would  achieve  appropriate  mus-
cle  activation  using  the  same  parameters.

Clinical  effectiveness  of NMES

There  was  no  significant  difference  between  the groups
on  any  of  the  outcome  measures;  however,  both  groups
improved  from  baseline  to  6 weeks  post  treatment.  This
lack  of  significant  difference  has  2 possible  explanations.
One  possibility  is  that NMES  truly  does  not  add  any  clinical
benefit  when  combined  with  stabilization  exercises.  How-
ever,  this  study  was  not  adequately  powered  and therefore
should  not  be used  to  draw  any definitive  conclusions  about
the  effectiveness  of NMES  as  a  supplement  to  stabilization
exercises.  Type  II error  is  quite  possible.

The  second  possible  explanation  is  that  the NMES
dosage  was  not  optimal  for  creating  an effective  treatment
response.  The  number  of  NMES  sessions  used  in our  study
may  not  have  been  sufficient  to make significant  changes
between  the  groups.  The  number  of  sessions  per  subject  was
only  12,  without  home  sessions.  In  other  studies,  however,
the  number  of  NMES sessions  was  much  higher.  For example,
in  a  study  by  Snyder-Mackler  et al.,31 NMES  was  delivered  to
the  quadriceps  muscle  for  15  min,  four  times  per  day,  for  5
days  a  week  for  4  weeks.  Also,  in  a  study  by  Piva  et al.,30

NMES  was  delivered  for  60  sessions  divided  into  12  supervised
sessions  and  48  at-home  sessions.  With  such  higher  dosages
the  NMES  was  shown  to  improve  the  clinical  outcome  of  pain,
function  and  quadriceps  femoris  strength  for  patients  post
knee  surgery.  However,  it should  be  noted  that  increasing
the  number  of  sessions  is  associated  with  additional  cost

that  could  be  incurred  by  patients  for  additional  units  of
treatment.

Limitations

A  major  limitation  of  this study  was  the small  sample  size
(n  = 30). Also,  our  study  did not  include  a control  group  that
received  no  treatment,  which  limited  our ability  to refute
the  argument  that  the observed  improvement  from  pre  to
post  intervention  occurred  naturally.  Additionally,  there  was
no  blinding  in this  study.

This  study  suggests  that  using  NMES  in  combination  with
stabilization  exercises  is tolerable  on  patients  with  CLBP.
However,  this study  also  suggests  that  combining  NMES  with
stabilization  exercises  adds  no  additional  effect  to  the clin-
ical  outcome.  Larger  trials  are  strongly  needed.
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Appendix 1.

Stabilization  program

This  packet  contains  descriptions  of  all  exercises  included
in  the  stabilization  exercise  program.  These  exercises  are
performed  as  the  therapist  has  indicated.  The  exercises  are
performed  at least  once  a day.  Before  beginning  any  of  the
stabilization  exercises,  5---6  cycles  of  the  cat/camel  exer-
cise  should  be  performed.  This  exercise  is  performed  by
arching  the  back  upwards  (camel),  then  slowly  lowering  the
back  toward  the  floor  (cat).

Criterion-based  stabilization program

For  each  group  of  exercises  listed  below,  the patient  must
be  able to  achieve  specific  exercise  goals  before  he  or  she
can  move  on  to the next  exercise  within  that  group.  For
example,  the  patient  must  complete  30  repetitions  (8 s hold
time)  of  the  abdominal  brace  in  supine  before  progressing  to
abdominal  brace  with  heel slide. Once  the patient  reaches
the  final  exercise  in a progression  group,  he  or  she  should
continue  to  perform  the  final  exercise  and  even  progress
repetitions  if possible.

Abdominal  bracing  exercises  (non-weight  bearing)

Exercise

1.  Abdominal  bracing  (supine)

Lie  on  your  back  with  your knees  bent.  Tighten  your  stomach  muscles  without  pressing  your  back  flat  to  the  floor.  Hold  for

8 s,  counting  aloud  to  avoid  holding  your  breath.  Relax  and  repeat.

2. Abdominal  bracing  (supine)  with  heel  slide

Lie on  your  back  with  knees  bent.  While  tightening  your  stomach  muscles  (abdominal  brace),  slide  the  heel  of  one  foot

away from  you  until  your  knee  is straight  (3 s  count).

Then, slide  your  heel  back  toward  you  until  your  knee  is in its  original  bent  position  (3  s  count).  Relax  and repeat  on

opposite leg.

3.  Abdominal  bracing  (supine)  with  leg  lifts

Lie on  your  back  with  knees  bent.  While  tightening  your  stomach  muscles  (abdominal  brace),  lift  one  foot  about  6  inches

off the  floor  for  a  3  s  count.  Then,  return  it  to  the floor  at  a  3  s  count.  Relax  and  repeat  with  opposite  leg.

4. Abdominal  bracing  (supine)  with  bridging

Lie on  your  back  with  knees  bent.  While  tightening  your  stomach  muscles  (abdominal  brace),  tighten  your  buttocks  and

slowly lift  them  off  the  floor.  Do  not  allow  your  back  to  arch.  Hold  for  8  seconds.  Relax  and  repeat.

5. Bracing  with  single  leg  bridging

Lie  on  your  back  with  knees  bent.  While  tightening  your  stomach  muscles  (abdominal  brace),  tighten  your  buttocks  and

slowly straighten  one knee  so that  only  one  foot  is  on  the  floor.  Then,  slowly  lift  your  buttocks  off  the  floor.  Hold  for  8

seconds. Relax  and  repeat.

Abdominal  bracing  exercises  (weight  bearing)

Exercise

1.  Abdominal  bracing  in  standing

While  standing,  tighten  your  stomach  muscles  without  changing  the  curve  of  your  back. Hold  for  8  s.  Relax  and  repeat.

2. Isometric  Torsion

Stand  in  a  slightly  forward-bent  position  with  one  hand  used  as  support  on  a  table.  Perform  the  abdominal  brace  and  lift  a

light weight  (2---3#  dumbbell,  can  of  soup,  etc.)

3. Abdominal  Bracing  with  walking

While  walking,  perform  the abdominal  brace.  Hold  8 s.  Relax  for  10  s  and  repeat.  Continue  this  cycle  as  you  walk.  Progress

up to  10  min  of  walking.
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Side  support  exercises

Exercise

1.  Side  support  with  knees  flexed

Lie  on  your  side with  knees  bent and  upper  body  supported  on the  lower  elbow.  Then,  lift  your body  from  the  table  with  all

weight borne  on  the  lower  knee  and  elbow.  Hold  for  8 s. Relax  and  repeat.

2. Side  support  with  knees  flexed  and  bracing

Perform  the  abdominal  brace  (tighten  your stomach  muscles)  then  do the  side  support  as  above.  Hold  for  8 s.  Relax  and

repeat.

3. Side  support  with  knees  extended

Lie  on  your  side  with  knees  straight  and  upper  body  supported  on  the  lower  elbow.  Then,  lift your body  from  the  table  with

all weight  borne  on  the lower  foot  and elbow.  Hold  for  8  s.  Relax  and  repeat.

4. Side  support  with  knees  extended  and  bracing

Perform the  abdominal  brace  (tighten  your stomach  muscles)  then  do the  side  support  as  above  with  knees  straight.  Hold

for 8  s.  Relax  and  repeat.

5.  Advanced  Side Bridge

Perform  the  side  support  as  described  above.  Roll  from  one  elbow  to  the  other  while  abdominally  bracing  to  attain  a  side

support position  on the opposite  elbow.  Then,  lower  yourself  from  side  support  position  on the  opposite  elbow  down  to  the

floor.

Quadruped  exercises

Exercise

No  exercise  begun  in this  group  until  able  to complete  Abdominal  Bracing  in supine  (10  reps  × 8  s  hold)

1. Quadruped  Arm  Lifts  with  bracing

Start  on  your  hands  and  knees.  Tighten  your  stomach  muscles.  Then  lift  your  right  arm  from  the  table.  Hold  for  8 s.  Return

to start  position  and  repeat  with  left  arm.

2. Quadruped  Leg  Lifts  with  bracing

Start  on  your  hands  and  knees.  Tighten  your  stomach  muscles.  Then  extend  your  right  leg  so that  your  knee  is  lifted  from

the table.  Keep  your  hips  level  with  the  table  as you  do this.  Hold  for  8 s.  Return  to  start  position  and  repeat  with  left  leg.

3. Quadruped  Opposite  Arm  and Leg  Lift  with  bracing

Start  on  your  hands  and  knees.  Tighten  your  stomach  muscles.  Then  extend  your  right  leg  so that  your  knee  is  lifted  from

the table  and  lift your  left  arm  from  the table  at  the  same  time.  Keep  your  hips  level  with  the  table  as  you  do  this.  Hold  for

8 s.  Return  to  start  position  and  repeat  with  left  leg.

Abdominal  bracing  exercises  (non-weight  bearing)

Exercise  Criterion  for  progression

Abdominal  bracing  (supine)  Able  to  complete  30  reps  ×  8 s hold

Abdominal  bracing  (supine)  with  heel slides  Able  to  complete  20  reps  per  leg  (4  s  count)

Abdominal bracing  (supine)  with  leg  lifts  Able  to  complete  20  reps  per  leg  (4  s  count)

Abdominal bracing  (supine)  with  bridging  For  progression  to  single  leg bridging,  able  to  complete  30

reps × 8  s  hold.

Continue  with  increased  repetitions  of bridging  until  able  to

perform  single  leg  bridging

Bracing with  single  leg  bridging  Goal  is 30  reps  × 8  s  hold
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Abdominal  bracing  exercises  (weight  bearing)

Exercise  Criterion  for  progression

For  progression  to  abdominal  bracing  in  weight-bearing

positions,  the  individual  should  be  able  to  complete  20

reps ×  8  s  hold  of  abdominal  bracing  with  bridging

Abdominal  bracing  in  standing  Able  to  complete  30  reps  × 8  s hold

Isometric  Torsion

(standing  row  in slight  trunk  flexion  with  one  hand  used  as

support  on  a  table)

Able  to  complete  20  reps  on  each  side  (6 s  count)

Abdominal  Bracing  with  walking  Goal  is to walk for  10  min  with  abdominal  bracing  (8 s hold  and

10  s  rest)

Side  support  exercises

Exercise  Criterion  for  progression

Side  support  with  knees  flexed  Able  to  complete  30  reps  × 8  s hold  on each  side.  Able  to

complete  Abdominal  Bracing  in supine  (10  reps  ×  8 s  hold)

Side support  with  knees  flexed  and  bracing  Able  to  complete  30  reps  × 8  s hold  on each  side

Side support  with  knees  extended Able  to  complete  30  reps  × 8  s hold  on each  side

Side support  with  knees  extended  and bracing  Able  to  complete  30  reps  × 8  s hold  on each  side

Advanced  Side  Bridge  (roll  from  one elbow  to  the  other  while

abdominally  bracing)

Continue  to  add  reps  until  able  to  complete  30  reps  × 8 s

Quadruped  exercises

Exercise  Criterion  for  progression

No  exercise  begun  in this  group  until  the  following  criterion  is

met

Able  to  complete  Abdominal  Bracing  in supine  (10  reps  ×  8  s

hold)

Quadruped Arm  Lifts  with  bracing  Able  to  complete  30  reps  × 8  s hold  on each  side

Quadruped  Leg  Lifts  with  bracing Able  to  complete  30  reps  × 8  s hold  on each  side

Quadruped  Opposite  Arm  and  Leg  Lift with  bracing Continue  to  add  reps  until  able  to  complete  40  reps  × 8 s
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