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Abstract

Background:  Proprioceptive  neuromuscular  facilitation  training  and  general  trunk  exercises

have been  applied  to  treat  chronic  low  back  pain  patients.  However,  there  is  currently  lit-

tle study  to  support  the  use  of  one  treated  intervention  over the  other  to  improve  clinical

outcomes and balance  ability.

Objective:  To  examine  the  effects  of proprioceptive  neuromuscular  facilitation  training  on  pain

intensity,  disability  and  static  balance  ability  in  working-age  patients  with  chronic  low  back  pain.

Methods:  Forty-four  chronic  low  back  pain  participants  aged  18---50  years  were  randomized

either  to  a  three-week  proprioceptive  neuromuscular  facilitation  training  or  to  a  control  group

receiving  general  trunk  exercises.  Pain  intensity,  disability  and  static  balance  ability  were

measured  before  and  after  the  three-week  intervention.

Results:  The  proprioceptive  neuromuscular  facilitation  training  intervention  showed  a  statis-

tically significantly  greater  reduction  in pain  intensity  and  improved  functional  disability  than

the controls  at  three  weeks  (between-group  difference:  pain  intensity  1.22  score,  95%  CI:  0.58

to 1.88,  p  <  0.001;  disability  2.23  score,  95%  CI: 1.22  to  3.24,  p  <  0.001.  The  proprioceptive  neu-

romuscular  facilitation  training  intervention  also had  statistically  better  parameters  of  static

balance ability  than  the  control  group  (between-group  difference:  ellipse  sway  area  during  eye

opened and  closed  conditions  129.09  mm2,  95%  CI:  64.93  to  175.25,  p  < 0.01  and  336.27  mm2,

95% CI:  109.67  to  562.87,  p  <  0.05,  respectively;  the centre  of  pressure  velocity  during  eye

opened  and  eye  closed  conditions  6.68  mm/s,  95%  CI: 4.41  to  8.95,  p  <  0.01  and  6.77  mm/s,  95%

CI: 4.01  to  9.54,  p  < 0.01,  respectively).

� Trial Registration: TCTR20161219001 (http://www.clinicaltrials.in.th/index.php?tp=regtrials&menu=trialsearch&smenu=fulltext&task=
search&task2=view1&id=2250).
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Conclusion:  The  three-week  proprioceptive  neuromuscular  facilitation  training  provides  better

pain intensity,  disability  and  static  balance  ability  than  general  trunk  exercises  for  working-age

individuals  with  chronic  low  back  pain  but  the  effects  do  not  reach  the  clinical  meaningful

level. The  therapists  should  consider  carefully  when  making  recommendations  regarding  these

interventions,  taking  into  account  effectiveness  and  costs.

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

Editora Ltda.  All  rights  reserved.

Introduction

Low  back  pain  (LBP)  is  a  common,  challenging  medical
and  socioeconomic  problem  in  working-age  adults.1,2 LBP
is  the  significant  cause  of  years  lived with  disability,  work
absenteeism  and  high  compensation  in modern  societies.2,3

Although  the  majority  of  LBP  patients  recover  within  six
weeks  without  medical  treatment,  almost  20%  of these cases
become  chronic.4 More  than  90%  of  chronic  low back  pain
(CLBP)  patients  presenting  to  the primary  care  have  non-
specific  LBP.4

Physical  and  psychosocial  factors  are commonly  associ-
ated  with  CLBP.2 However,  trunk  muscle  weakness  or  delayed
activation,  an important  deficit  of  the  neural  control  unit  of
the  spinal  stabilizing  system,  and  impairment  in lumbar  pro-
prioception  have been frequently  reported  as  a  contributing
factor  of  persistent  LBP.5---12 The  consequences  of  altered
trunk  muscle  activation,  and  impaired  hip  strategy  and  lum-
bar  proprioception  may  be  the determining  factors  in the
alterations  in  static  balance  ability  in CLBP  patients.5---9,11---13

Balance  ability  is  the performance  of  maintaining  the cen-
tre  of  gravity  of the  body  within  the  base  of  support.11

Compared  with  the  asymptomatic  controls,  CLBP  patients
presented  a  higher  velocity  of  centre  of pressure  (CoP)
and  a  larger  CoP  area, which  is  thought  to  represent  a
decreased  ability  to  control  postural  balance,  during  one-
legged  stand  condition6 and greater  difficulty  adapting  to
changing  conditions.14 Therefore,  treatment  interventions
improving  trunk  muscle  strength  and  proprioception  may
improve  the  pain-related  and  balance  outcomes  of  CLBP
individuals  who  do not  have  problems  in  visual and  vestibular
systems  which  play  important  roles  for  controlling  postural
balance.15

Although  there  is  no  a  clear  conclusion  on which  type of
non-pharmacologic  therapy  is  the most effective  for  treat-
ing  CLBP,  exercise  therapy  is  recommended  as  a first-line
intervention  for CLBP  patients.2,16 Proprioceptive  neuromus-
cular  facilitation  (PNF)  training  has  been used  for  treating
CLBP  cases  by physical  therapists  to  gain  neuromuscular
responses  by facilitating  proprioceptors.17---22 The  patterns
of  PNF  training  have  diagonal  and  spiral  directions  that
has  been  proposed  to  hasten  the performance  of  numer-
ous  muscles  through  its  patterns  and  to be  more  effective
than  conventional  single-direction  exercises.17 They  also
are  in  accordance  with  the  topographic  arrangement  of
the  muscles  being  used  in  daily  activities  and  sports.17,19,23

Moreover,  PNF  training  may  stimulate  the proprioceptors  of
the  muscles  and  joints  in the lumbar  region  and may  be

useful  for improving  sensorimotor  regulation  and  balance
performance.21 Previous  studies  suggested  three  commonly
applied  PNF  techniques  for  CLBP,  namely, rhythmic  stabiliza-
tion  (RS),  combination  of  isotonics  (COI)  and  ‘chop  and  lift’
(CL) as  described  previously.17---24

Many  authors  have  proposed  the effectiveness  of  the PNF
training  in pain-related  outcomes,  trunk  muscle  activity  and
range  of  motion  to  manage  CLBP.18---22,25 However,  studies
supporting  the effect  of  PNF training  on  the balance  ability
in  CLBP are  scarce.  To  the  authors’  knowledge,  only Young
et  al.22 reported  that  PNF  training  improved  the  balance
of  seniors  with  CLBP.  Although  the authors22 used the CoP
measurement  device,  which  is  recommended  as  an  optimal
outcome  for  postural  balance,26,27 they  did not  screen  other
potential  disorders,  such as  vestibular  and  visual  disorders,
or  lower  extremity  strength,  which  could  affect  the  bal-
ance  of  CLBP  patients.  Furthermore,  the  blinding  method
to  eliminate  the measurement  bias  was  not  stated.  Addi-
tionally,  they  investigated  the effects  of  PNF  training  in
seniors  with  CLBP,  but  the findings  could  not be general-
ized  to  other  age  groups,  especially  working-age  adults.  A
robust  methodology  to  evaluate  the effects  of  the PNF  train-
ing  on  pain-related  and balance  parameters  in working-age
people  is  still  needed.  Thus,  this  study  aimed  to  investigate
the  effectiveness  of  a three-week  PNF  training  in pain  inten-
sity,  functional  disability  and  static  balance  in working-age
patients  with  CLBP.  It  was  hypothesized  that  CLBP  partici-
pants  receiving  three-week  PNF training  may  have  greater
decreased  pain  intensity,  and  improving  functional  ability
and  static  balance  than  those  receiving  the general  trunk
exercises.

Methods

Study  design

Conducted  at the  Physical  Therapy  Laboratory  at Mae
Fah  Luang  University,  Thailand,  this  study  was  an
assessor-blinded,  randomized,  controlled  trial,  with
two  measurement  points:  baseline  assessment  and  at
the  end  of  the  three-week  intervention.  This  study  was
approved  by  the  Ethics  Committee  for Human  Research
at  Mae  Fah  Luang  University  (REH 59122),  Chiang  Rai,
Thailand,  based  on  the Declaration  of  Helsinki.  This  trial
was  prospectively  registered  at  the Thai  Clinical  Trial
Registry  (TCTR20161219001)  in December  2016.
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Participants

Between  February  and  May 2017,  CLBP  patients  were
recruited  to  the  study.  An  advertisement  was  used  in  the
Physical  Therapy  Department  of  Mae  Fah  Luang  University
Hospital  in  Chiang  Rai,  Thailand,  for  the  purpose  of patient
recruitment.  Male  or  female  non-specific  CLBP  patients,
aged  18---50  years,  with  pain  intensity  at  least  two  points  of
the  0---10  numerical  rating  scale  (NRS)  were  invited  to  par-
ticipate  in  this  study.  A medical  doctor  who  was  unaware  of
the  intervention  screened  the  patients  using  oral  illness  his-
tory  taking  and  a  physical  examination  for  eligibility  before
participation.  The  patients  were excluded  if  they  presented
any  of  the  following  criteria:  history  of lumbopelvic  surgery,
specific  LBP  (e.g.,  disc  herniation,  spondylolisthesis  and
sacroiliac  joint  dysfunction)  screened  by  using  an  X-ray
investigation  and  clinical  tests,  cancer,  autoimmune  dis-
eases,  neurologic  deficits,  lower  limb  arthritis,  vestibular
and  visual  disorders,  pregnancy,  cardiopulmonary  disorders
or  having  exercise  contraindications.  Those who  regularly
performed  PNF  or  general  trunk  exercise  training  were  also
excluded.  All  eligible  participants  signed  an informed  con-
sent  form  before  participation.

Sample  size estimation

A  repeated  measures  ANOVA  formula  was  used  to  calculate
the  sample  size.  The  sample  size  was  estimated  with  a  90%
power  of  test,  an alpha  level  of  0.05  and  standard  deviation
(SD)  of  1.30  and  0.96  for  the PNF  training  and  the control
groups,  respectively  to  detect  a  between-group  clinically
significant  change  in two  scores  of  the 11-point  NRS  at three-
weeks  intervention.28 The  attrition  rate  of 10%  was  added  to
the  estimation  to  confirm  it even  with  a  potential  drop-out.
In  total,  a  sample  size  of  44  was  obtained.

Treatment  intervention

Before  starting  the study,  participants  were  randomly
allocated  into  two  groups:  three-week  PNF  training  (22 par-
ticipants)  and  control  (22  participants)  groups,  using  block
randomization  with  block  sizes  of  two  and  four. The  ran-
domization  results  were  concealed  in sealed  and  opaque
envelopes  with  consecutive  numbering.  Randomization  was
performed  by  a researcher  assistant  who  was  unaware  of
the  intervention  and  evaluation  processes.  All  training  ses-
sions  of both  groups  were  conducted  at  the  Physical  Therapy
Laboratory  three  times  a  week  over three  weeks.  The  exer-
cise  interventions  of both  groups were  implemented  by a
researcher  with  over  10-year  experience  of  exercise  ther-
apy  in  LBP  who  was  unaware  of  the  outcome  measurement.
All  participants  were scheduled  and  checked  for  their  inter-
vention  adherence.

PNF  training  group

The  three-week  PNF  training  intervention  was  modified  from
the  study  of  Areeudomwong  et al.18 This  training  aimed
at  improving  trunk muscle  strength,  trunk  stabilization  and
controlled  movements.17,18,23 For  three  weeks,  the  partici-
pants  attended  each individual  training  session  lasting  for
about  30---40  min  three  times  a  week. They  received  three

sets of  15  repetitions  for each  PNF training,  with  a  30  s rest
between  repetitions.  A 60  s rest  after  completing  the  15  rep-
etitions  was  provided.  The  training  intervention  was  divided
into  three  phases  and  progression  of  training  was  based  on
the individual’s  performance.

For  week  1,  the participants  were  trained  in  alternate
isometric  contractions  of  the  trunk flexors  and  extensors
against  maximum  force. The  training  was  provided  by  the
physical  therapist  for  10  s  in a sitting  position  (Fig.  1A).

For  week  2,  the participants  concentrated  in alternating
isometric  concentric  and  eccentric  contractions  of  the  trunk
agonistic  muscles  with  a 5  s  resisted  concentric  contraction
of  the  trunk  flexors  in forward  bending,  followed  by  a 5 s
resisted  eccentric  contraction  of  the trunk  flexors  in the
return  to  trunk neutral  position  and  a 5 s  hold  resisted  iso-
metric  contraction  of the trunk  muscles  in a  neutral  position.
The  same  method  was  applied  in the  backward  bending  of
the trunk (Fig.  1B).

For  week  3,  the participants  focused  on  training  the
upper  extremities  by  alternately  performing  the chop  and
lift  movement  patterns  in diagonal  and  spiral  directions  for
10  s.  The  maximum  resistance  was  generated  by  the physical
therapist  (Fig.  1C).

General  trunk  exercise  group  (control  group)

The  general  trunk  exercise  programme  consisted  of trunk
curl-up  (Fig. 2A),  diagonal  trunk  curl  (Fig.  2B)  and single-
legged  extension  (Fig.  2C).  These  exercises  promote  the
strengthening  of  the lumbopelvic  muscles,  as  proposed  by
Imai  et al.29 and  Koumantakis  et  al.30 The  participants
attended  three  exercises  lasting  for about  30  min  three
times  a  week  over three  weeks.  All exercises  were  per-
formed  in three  sets of 10  repetitions,  with  a 30  s rest
between  repetitions  and a  60  s  rest  between  sets.

All  the participants  were  asked  for any  adverse  effects  of
the intervention  upon  the  completion  of  intervention.  They
were  also  asked  to  avoid  medications  and  other  treatments
throughout  the  study  period.  A log book  was  given  to  each
participant  for  recording  other  co-interventions.

Outcome  measures

All  outcome  measures  were assessed  by  an assessor  who  was
blinded  to  the randomization  procedure.  The  primary  out-
come  measure  was  pain  intensity,  which  was  estimated  using
the  11-point  NRS,  with  scores  ranging  from  0 (no pain)  to  10
(very  severe  pain).31 It  showed  high  reliability  (r  =  0.95---0.96)
and  validity  (r  =  0.86---0.95).32 The  participants  circled  the
numerical  value  on the segmented  scale  to  indicate  pain
level.  A clinically  important  change  for  the  11-point  NRS  is
approximately  two  points  for  the  CLBP.28

The  secondary  outcomes  were  composed  of disability
and  static  balance.  The  Thai  version  of  the Roland---Morris
Disability  Questionnaire  (RMDQ)  was  employed  to  assess
disability.33 The  questionnaire  consists  of  24  items  to  assess
disability  specific  to  LBP.  The  participants  put  a tick  on  the
blank  in front  of each item  if they  had  such  disability  on
the  evaluation  day.  The  total  score  ranged  from  0 (no dis-
ability)  to  24  (maximum  disability).  The  Thai  RMDQ  showed
high  reliability  (K  =  0.71---0.93).33
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Figure  1  Proprioceptive  neuromuscular  facilitation  training,  rhythmic  stabilization  (A),  combination  of  isotonics  (B)  and  chop  and

lift (C).

Figure  2 General  trunk  exercises,  trunk  curl-up  (A),  diagonal  trunk  curl  (B)  and  single-legged  extension  (C).

The  one-legged  stand  test  (OLST),  which  is  an easy,
quick  and  low-cost  test  for  measuring  static  balance  in
a  clinical  setting,  was  performed  for  measuring  static
balance  ability.26 The  participants  practiced  this  test  three
times  before  data  collection.  This  test  was  conducted  using
a  force  platform  (PDM-S,  Multifunction  Force  Measuring
Plate,  Zebris,  Germany)  operating  with  2560  embedded
force  sensors  arranged  in a  35 cm  ×  54  cm  matrix  that
showed  high  reliability  (intraclass  correlation  coefficient,
ICC  =  0.75---0.83).34 The  measured  pressure  ranged  at
1---120  N/cm2,  and the sampling  rate  was  120  Hz.  The
platform  was  calibrated  before  the recording.  The  parti-
cipants  stood  barefoot  on  the platform  with  the dominant
leg,  which  was  defined  as  the preferred  kicking  leg  to  a
ball,  and  the  contralateral  leg  was  lifted  from  the floor

approximately  10 cm  and  placed  behind  the  weight-bearing
leg.  The  stance  foot was  standardized  with  an angle  of  30◦

between  the foot  and  the imaginary  line  on  a sagittal  plane.
The  participants  also  crossed  their  arms  over  their  chest.
The  participants  performed  the  test  with  eye  opened  (EO),
focusing  on  a point 2  m  ahead, and  with  eye  closed  (EC).  The
static  balance  was  considered  by  the  time  while  standing
on  the dominant  leg.  Timing  was  terminated  after  60  s EO
or  30  s EC,  or  when  the  tested  position  could  no  longer  be
maintained.26 The  set  of  outcome  measures  taken  from
the  CoP  data  while  performing  the  OLST  consisted  of  the
following:  (1)  Ellipse  sway  area  (mm2),  which  represents  a
95%  confidence  ellipse  for  the  average  of  the  CoP  anterior,
posterior,  medial  and  lateral  coordinates.  (2)  CoP  velocity
(mm/s),  which  represents  the  mean  velocity  of movement  of
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Enrollment Assessment for eligibility (n=50)

Eligible participants (n=44)

Excluded (n = 6)

• Not meet inclusion criteria due to

other specific lumbopelvic

disorders

Baseline assessment

PNF training for

3 weeks (n = 22)

Randomized allocation

3-week assessment

(n = 22)

3-week assessment

(n = 22)

Analysis (n = 22) Analysis (n = 22)

General trunk exercises

for 3 weeks (n = 22)

Figure  3 Flow  of  the  participants.

the  CoP  over  the assessment  period  in the X- and  Y-axes.  The
ellipse  sway  area  and  CoP velocity  are the recommended
outcome  measures  for  postural  balance.26,27,35

The  OLST  was  performed  three  times  for  each  condition,
with  a  30 s rest  period  between  trials.26 The  average  value
of  the  OLST  trials  in each condition  represented  the static
balance,  with  a less  ellipse  sway area  and CoP  velocity  indi-
cating  better  balance  performance.

Prior  to  data  collection,  the reliability  test  for the mea-
surement  of  the  OLST  was  determined  by  the  assessor.
Intra-rater  reliability  showed  high  reliability  (ICC = 0.90;  95%
confidence  interval,  CI  =  0.70---0.97,  p <  0.001).

Statistical  analysis

The  characteristics  of the participants  were  presented  using
descriptive  statistics.  Data  were  analyzed  using  SPSS  ver-
sion  20  (IBM  Corporation,  Armonk,  NY,  USA)  and  based on
the  intention-to-treat  approach.  The  mean,  SD  and  the 95%
CI  of  the  values  were  calculated  for  each variable.  The
Shapiro---Wilk  test showed  that  all data  were  normally  dis-
tributed.  A 2  ×  2 (group  ×  time)  repeated  measures  ANOVA
was  used  to  compare  between-group  differences  for  each
outcome.  If a significant  interaction  effect  was  observed,
multiple  comparisons  with  Bonferroni  adjustment  would be
applied.  The  significance  level  was  set  to  0.05.  The  effect
size  (ES)  was  calculated  using  the  difference  between  two
means  divided  by  a  pooled  SD.  The  interpretation  of  the
ES  was  performed  on  the  basis  of  Cohen’s  recommendation,
where  d  = 0.20  is  the  small  ES,  d  =  0.50  is  the medium  ES  and
d = 0.80  is  the large  ES.36

Results

Fifty  CLBP  patients  were initially  screened  for  eligibility.
Forty-four  eligible  participants  met  the inclusion  criteria,
willed  to participate  in  this  study,  and  were  allocated  to
either  the PNF  training  or  the  control  group  equally.  Six
patients  were  excluded  from  the  study  because  they  had

disc  herniation  and  sacroiliac  joint  dysfunction  (Fig.  3).  All
participants  attended  the three  weeks  of  the study,  and
none of the  participants  reported  any adverse  effects  and
used  other  co-interventions  during the intervention  period.
Table  1 showed the baseline  characteristics  of  the partici-
pants  and  they  were  homogenous  between  the  groups.

The  effect  of  the significant  group  × time  interaction  on
pain  intensity  was  observed  (p  <  0.001).  The  PNF  training
group  showed  a  statistically  significant  higher  reduction  in
pain  intensity  than the control  group after  the  completion
of  three-week  intervention  period  (between-group  differ-
ence  1.22  ±  0.32  points,  95%  CI:  0.58  to  1.88,  p <  0.001)
(Table 2). A moderate  effect  size was  found  (d  = 0.50).  A  sig-
nificant  interaction  effect  on  functional  disability  was  also
found  (p  <  0.001).  The  PNF  training  group  demonstrated  a
statistically  significant  greater  reduced  functional  disability
than  the  controls  after  the  three-week  intervention  period
ceased  (between-group  difference  2.23  ±  0.50  score,  95%  CI:
1.22  to  3.24,  p <  0.001)  (Table  2) with  a  moderate  effect
size  (d  =  0.56).  In measuring  the CoP outcomes  while  per-
forming  OLST  with  the EO  condition,  significant  interaction
effects  on  the ellipse  sway  area  and  CoP velocity  were
detected  (p  < 0.001).  The  PNF  training  group  provided  a  sta-
tistically  significant  greater  reduction  in  the ellipse  sway
area  and  CoP  velocity  than  the  controls  (between-group
difference  129.09  ±  27.33  mm2,  95%  CI:  64.93  to  175.25,
p  = 0.003  for  ellipse  sway  area  and between-group  differ-
ence  6.68  ±  1.12  mm/s,  95%  CI: 4.41  to  8.95,  p  = 0.004  for
CoP  velocity)  (Table  2). Moderate  effect  sizes  (d  =  0.56  and
d  = 0.67  for  the  ellipse  sway  area and CoP  velocity,  respec-
tively)  were  demonstrated.

Table  2 shows  the  results  of the  CoP outcomes  while  per-
forming  OLST  with  the EC  condition.  A  significant  group  by
time  interaction  effect  of  the  ellipse  sway  area (p  =  0.02)
and  CoP velocity  (p  =  0.007)  was  found.  The  PNF  training
group  provided  a  statistically  significant  greater  reduction
in  all  CoP  outcomes  than  the control  group  (between---group
difference  336.27  ±  112.28  mm2, 95%  CI:  109.67  to 562.87,
p  = 0.005  for  the ellipse  sway  area  and  between-group  dif-
ference  6.77  ±  1.37  mm/s,  95%  CI: 4.01  to 9.54,  p <  0.001  for



PNF  training  improves  clinical  and  balance  outcomes  in  CLBP 433

Table  1  Demographic  and  baseline  clinical  characteristics.

Characteristics  PNF  training  group  (n  = 22)  Control  group  (n  = 22)

Age  (year)  38.20  ±  9.40  39.57  ±  10.63

Gender 10  (45.50)  9 (40.91)

Height  (cm)  165.30  ± 13.21  166.80  ±  10.11

Weight (kg)  59.60  ±  5.80  60.10  ±  7.70

Low back  pain  duration  (month)  8.20  ± 4.50  9.20  ± 7.10

Physical work

University  student  5 7

Officer 34  29

Business owner 15  10

Pain intensity  (0---10) 4.56  ± 1.06 4.00  ± 1.23

Disability (0---24) 8.00  ± 1.23 7.41  ± 1.47

Ellipse sway  area  (mm2)  in  EO  condition  664.50  ± 136.00  612.36  ±  118.46

CoP velocity  (mm/s)  in EO  condition  33.96  ±  6.33  33.09  ±  8.84

Ellipse sway  area  (mm2)  in  EC  condition 1751.55  ±  282.39  1731.36  ±  272.10

CoP velocity  (mm/s)  in EC  condition 61.00  ±  13.65  60.36  ±  10.52

Note: Continuous variables are expressed as mean (standard deviation) and categorical variables are expressed as number (percentage).
PNF, proprioceptive neuromuscular facilitation; SD, standard deviation; CoP, centre of  pressure; EO, eye opened; EC, eye closed.

Table  2  Comparison  between  proprioceptive  neuromuscular  facilitation  (PNF)  training  (n  =  22)  and  control  (n  =  22)  groups  on

pain intensity,  functional  disability  and  static  balance  ability  at  baseline  and  3-week  assessment.

Variables  PNF  training  groupMean  ±  SD  Control  groupMean  ±  SD  PNF  training  group

versus  control  group

Mean  ± SD  (95%  CI)

Pain  intensity  (score)

Baseline  4.56  ±  1.06  4.00  ± 1.23  NS

3-week assessment  1.78  ±  1.23  3.00  ± 0.87  1.22  ±  0.32  (0.58  to

1.88)***

Functional  disability  (score)

Baseline  8.00  ±  1.23  7.41  ± 1.47  NS

3-week assessment  3.77  ±  1.51  6.00  ± 1.80  2.23  ±  0.50  (1.22  to

3.24)***

Ellipse  sway  area  (mm2)  in  EO  condition

Baseline  664.50  ±  136.00  612.36  ± 118.46  NS

3-week assessment  479.23  ±  85.54  599.32  ± 95.49  129.09  ±  27.33  (64.93  to

175.25)**

CoP  velocity  (mm/s)  in EO  condition

Baseline  33.96  ± 6.33  33.09  ±  8.84  NS

3-week assessment  25.18  ± 4.36  31.86  ±  2.96  6.68  ±  1.12  (4.41  to

8.95)**

Ellipse  sway  area  (mm2)  in  EC  condition

Baseline  1751.55  ±  282.39  1731.36  ±  272.10  NS

3-week assessment  1292.82  ±  268.45  1629.09  ±  453.10  336.27  ±  112.28  (109.67

to 562.87)*

CoP  velocity  (mm/s)  in EC  condition

Baseline  61.00  ± 13.65  60.36  ±  10.52  NS

3-week assessment  49.50  ± 5.54  56.27  ±  3.27  6.77  ±  1.37  (4.01  to

9.54)**

CoP, centre of pressure; EO,  eye  opened; EC, eye closed; SD, standard deviation; 95% CI, 95% confidence interval.
* p  < 0.05.

** p  < 0.01.
*** p  < 0.001.
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the  CoP  velocity).  A  small  effect  size  (d  = 0.41)  was  found  for
the  ellipse  sway  area  and  a moderate  effect  size  for  the  CoP
velocity  (d  = 0.60).

Discussion

This  study  investigated  the effectiveness  of a three-week
PNF  training  programme  on pain-related  and  static  balance
parameters  among  working-age  individuals  with  CLBP.  The
findings  of  this study  supported  our  hypothesis  that  the PNF
training  provided  positive,  but  small,  effects  not only  by
decreasing  pain  intensity  and disability  but  also  by  improving
static  balance.

The  selection  of the PNF  training  aimed  at promoting  the
activation  of  the  trunk  muscles  through  the diagonal  and
spiral  directions,  consistent  with  the topographic  arrange-
ment  of  the  muscles  being  used  in  daily  living.17 The  previous
studies  found  that  impaired  trunk muscle  activation  and
coordination  resulting  in excessive  movement  and  instabil-
ity  of  the  lumbar  spine  may  be  associated  with  greater  pain
and  functional  disability.37---39 Moreover,  altered  trunk  mus-
cle  activation  was  found  to  be  related  to  a disturbance  in
mechanoreceptors  and  possibly  to  an association  with  inac-
curate  information  processing  from  the higher  centres  of
the  central  nervous  system  related  to  motor  control.8,38,39

Three-week  PNF  training  group  of  the  present  study  had
statistically  significant  more  decreased  pain  and  functional
disability  than  the  controls.  The  ES  for the between-group
differences  was  moderate,  suggesting  a  moderate  clinical
effect  of  three-week  PNF  training  for  treating  CLBP  patients;
however,  the  between  group  differences  did  not  surpass  the
reported  of  clinically  important  change  of  two  points  of
the  NRS28 and  3.5 scores  of the  RMDQ.40 This  finding  is  in
agreement  with  those  of  other  studies  despite  some dif-
ferences  in  the training  protocols  and  outcome  measures.
George  et  al.25 revealed  an additional  positive  effects  of
a  three-week  PNF  training  for  trunk muscles  plus  general
trunk  exercises  on  pain  intensity  measured  by a  visual  ana-
logue  scale  (VAS) and function  measured  by  the Oswestry
Disability  Index  compared  with  general  trunk  exercises  alone
in  CLBP  patients.  Young  et  al.22 reported  that a six-week
PNF  training  improved  pain  intensity  measured  by  a VAS
in  seniors  with  CLBP.  The  RS,  COI  and  CL  techniques  were
chosen  for  this  study,  and  they  could  hasten  the  perfor-
mance  of  numerous  muscles  through  their  patterns.17,23 The
RS  technique  may  promote  trunk stability,  and the COI  and
CL  techniques  promote  muscle  co-contraction  and  mobi-
lization  to  enhance  joint  controlled  mobility  and human
movement.17,23 Therefore,  the  improvements  in  pain  inten-
sity  and  function  may  result  from  the better  activation  of
the  trunk  muscles  to  increase  lumbar  stabilization  in daily
activities.18,23,25

The  finding  of  this  study  showed  a  greater  improvement
in  the  static  balance  in the  EO and  EC  conditions  after
three-week  PNF  training  than  in  the  controls.  This  result  is
consistent  with  the study  of  George  et  al.,25 which reported
better  static  balance  after  receiving  a  PNF programme  than
after  trunk  strengthening  exercises  in seniors  with  CLBP.  The
previous  studies  showed  that pain,  altered  lumbopelvic  mus-
cle  activation  and  impairment  of  the lumbar  proprioception
could  be  contributing  factors  in the  lack  of balance  ability  of

CLBP  patients.13,35,41 Ruhe  et  al.35 reported  a linear  relation-
ship  between  increasing  pain  and increasing  COP  velocity.
Mok  et  al.13 proposed  that  CLBP patients  present  impaired
hip  strategy  during  balance  challenge  which may  be  because
of  decreased  lumbar  proprioception  and  improper  activation
of  lumbopelvic  muscles.  Balance  dysfunction  in  CLBP indi-
viduals  may  associate  with  altered  proprioceptive  input  or
central  processing.41 The  improvements  in static  balance  in
this  study  may  be  related  to  the  significant  subsidence  of
pain  intensity35 and  improved  muscle  activity,  such as  the
transversus  abdominis  and  lumbar  erector  spinae  muscles,
to  stabilize  the lumbar  spine  as  described  previously.18,25

Additionally,  PNF training  is  speculated  to  stimulate  the  pro-
prioceptors  of  the muscles  and  joints  of  the lumbar  spine,
and  it may  improve  sensorimotor  regulation  and  balance
performance.21

This  study  has several  advantages.  First,  the study was
designed  as  an assessor-blinded,  randomized  controlled  trial
to  eliminate  selection  and measurement  bias.42 Second,  this
study  used the  criteria  to exclude  other  conditions  that
could  affect  balance  ability,  such  as  vestibular  disorders,
visual  disorders,  or  lower  limb  problems,  to include  CLBP
patients  who  did not have  such conditions.  Third,  as  all  par-
ticipants  completed  the interventions,  participant  attrition
was  not  an issue.

This  study  has  its limitations.  It only considered  the
effects  of  PNF training  on  pain,  disability  and  static  bal-
ance.  Further  studies  should  examine  other  outcomes,  such
as  quality  of life,  fear  of  movement,  or dynamic  balance.
This  study  did  not measure  the  responses  of  trunk  muscles
during  static  balance  test, and  thus  we  were  not aware
whether  the PNF  training  improved  such  muscles  to stabi-
lize  the lumbar  spine  directly  during  the test.  The  general
trunk  exercise  programme  was  set  as  the control  interven-
tion  in  this  study.  A  comparison  with  other  balance  exercise
or  conventional  interventions  could  provide  an  extensive
knowledge  of  PNF training  in CLBP  individuals.  Further,  the
findings  can  only  be  generalized  to  the  working-age  popula-
tion  with  CLBP.  Future  studies  should  assess  the  effects  of
PNF  training  on  other  LBP conditions,  such  as lumbar  disc
herniation  or  lumbar  spondylosis,  and on  other  age ranges,
including  adolescents  or  the elderly.  As the  long-term  effect
of  PNF  training  was  not  investigated,  studies  with  long-term
follow-up  should  be  conducted.  The  sample  size  of  this study
was  small,  limiting  a  precise  estimate  of  the  effect.  Addi-
tionally,  this  study  had one  physical  therapist  to  administer
PNF  and  general  trunk  exercise  interventions  and  it  may
be  associated  with  possible  preference  bias  of the  physical
therapist.

Conclusion

The  application  of a three-week  PNF  training  programme
could  provide  a  greater  reduction  in  pain  intensity,  and
improving  the functional  ability  and  static  balance  than the
general  trunk  exercises  in  working-age  patients  with  CLBP.
As  the  magnitudes  of  difference  do  not  reach  the  clini-
cal  meaningful  level,  the therapists  should  prescribe  either
intervention  to  the  patients  based  on  its  effectiveness  and
costs.
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