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Abstract
Background:  Sacroiliac  joint  manipulation  can  alter  joint  and  muscle  control  mechanisms
through local  and  remote  effects.  Postural  balance  is  controlled  by  supraspinal  (rambling)  and
spinal---peripheral  (trembling)  mechanisms.  A  manipulation  may  interfere  with  postural  control
in quiet  standing.
Objectives:  To  evaluate  the  immediate  effects  of  sacroiliac  joint  manipulation  on  postural  con-
trol in  patients  with  (1)  sacroiliac  dysfunction  and  (2)  to  determine  whether  rambling  and
trembling  are  affected  by  sacroiliac  joint  manipulation.
Methods:  32  patients  aged  between  20  and  50  years  old  were  selected  by  convenience  after
confirmation  of  sacroiliac  joint  dysfunction  by  clinical  examination.  These  patients  were  ran-
domly allocated  either  to  manipulation  or  sham  manipulation  group.  Displacement,  velocity
and frequency  of  the  center  of  pressure,  rambling  and  trembling  in  the  anterior---posterior  and
medial---lateral  directions  were  our  primary  outcomes  and  analyzed  immediately  before  and
after the  intervention  in  quiet  standing.  The  physical  therapists  who  performed  the  physical,
biomechanical  and  statistical  examinations,  were  all  blinded  to  the  patients’  grouping.

Results: No  differences  were  found  between  the  two  groups  but  trembling  velocity  (0.14  and
−0.11 for  intervention  and  sham  group,  respectively)  and  frequency  (0.17  and  0.11  for  inter-
vention and  sham  group  respectively)  increased  after  intervention  in  the  treatment  group  in
the anterior---posterior  direction.
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Conclusion  Generally,  sacroiliac  joint  manipulation  had  no  superiority  than  sham  treatment
regarding  postural  control  as  measured  by  rambling---trembling  analysis  of  center  of  pressure.
Manipulation  may  increase  muscle  activation  in  the  treatment  group  due  to  increased  trembling
parameters.

Trial number:  IRCT2014072715932N8  ---  http://www.irct.ir/searchresult.php?keyword=%D8%
B3%D9%88%DB%8C%D9%87&id=15932&field=&number=8&prt=13&total=10&m=1.
© 2017  Associação  Brasileira  de  Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier
Editora Ltda.  All  rights  reserved.

R
f
c
e
c
d
v
c
b
a
s
a
f
e
p
a
b
t
s
b
e
a
s
s
a
w

r
e
o
T
j
f
t
i
m
o

M

P

Introduction

Sacroiliac  (SI)  joint  dysfunction  is  considered  one  of  the  pos-
sible  sources  of  chronic  mechanical  low  back  pain.1 Stability
of  the  SI  joint  is  provided  by  the  surrounding  muscles,  liga-
ments  and  the  unique  shape  of  the  joint.2 The  SI  joints  play
an  important  role  in  force  transmission  between  the  trunk
and  lower  extremities,  so  any  dysfunction  in  these  joints
may  alter  weight  distribution  at  the  feet.3 Anker  et  al.4

showed  that  greater  weight-bearing  asymmetry  may  lead
to  increased  postural  instability.  Baruah  et  al.5 showed  that
patients  with  SI  joint  dysfunction  had  deficits  in  balance  and
postural  control.  It  has  been  reported  that  SI  joint  manipula-
tion  can  decrease  pain,  redistribute  peak  pressure  between
the  feet,3 and  improve  disability6 and  gait  symmetry7 in
patients  with  SI  dysfunction.

The  effects  of  SI  manipulation  have  been  proposed  to
be  related  to  spinal  and  supraspinal  mechanisms.8 Research
published  to  date,  however,  is  controversial  regarding  the
spinal  mechanisms  of  SI  manipulation.  In  some  studies,  SI
manipulation  increased  muscle  activity9---11 whereas  in  oth-
ers,  it  decreased  alpha  motor  neuron  activity12 or  had  no
effect  at  all.13 Few  studies  have  evaluated  supraspinal  and
cortical  mechanisms  in  spinal  manipulation.  Alterations  in
excitability  and  metabolism  after  spinal  manipulation  have
been  reported  in  corticospinal  tracts,  limbic,  cerebellar  and
sensorimotor  areas.12,14,15

In  patients  with  low  back  pain,  center  of  pressure  (CoP)
parameters  have  been  used  conventionally  to  evaluate  pos-
tural  control.16,17 Rambling  (Rm)  and  trembling  (Tr)  have
been  shown  to  be  more  sensitive  parameters  for  analyz-
ing  postural  control  during  quiet  standing.18,19 According  to
the  main  hypothesis  of  the  rambling---trembling  process,  the
higher  spinal  centers  control  the  CoP  at  instant  equilibrium
points.  The  net  effect  of  external  torques  acting  on  the  body
is  equal  to  zero  at  these  points,  and  the  CoP  coincides  with
the  gravity  line  extending  from  the  body’s  center  of  mass.
Rambling  component  is  composed  of  interpolation  of  these
points.  If  the  body  loses  the  equilibrium  state,  restoring
forces  try  to  return  it  to  an  upright  stance.20 Trembling  is
therefore  viewed  as  oscillation  of  the  CoP  around  the  equi-
librium  points,  which  can  be  calculated  as  the  differences
between  CoP  and  rambling.21,22 Therefore,  any  modulation

in  muscle  responses  or  spinal  reflexes  may  change  trembling.

It  has  been  claimed  that  rambling  represents  supraspinal
processes  whereas  trembling  reflects  spinal  reflexes  and
mechanical  properties  of  the  muscles  and  joints.23,24

F
m
i
m

esearch  into  rambling  and  trembling  can  distinguish  dif-
erent  spinal  and  supraspinal  mechanisms  behind  postural
ontrol,25 as  shown  in  a  number  of  studies.  Freitas  et  al.26

valuated  the  effect  of  joint  immobilization  on  postural
ontrol,  and  found  increased  anterior---posterior  (AP)  and
ecreased  medial---lateral  (ML)  trembling  displacement  and
elocity  in  quiet  standing  with  various  lower  extremity
onstraints.  They  proposed  that  body  sway  was  controlled
y  two  distinct  neuromuscular  mechanisms  involving  ankle
nd  hip  strategies.26 Solnik  et  al.27 evaluated  postural
way  in  different  pointing  tasks  and  found  that  rambling
nd  trembling  components  of  postural  sway  involved  dif-
erent  neurophysiological  mechanisms.  VanderHill  et  al.28

valuated  the  flexibility  of  the  central  nervous  system  in
erforming  different  dual  task  activities,  and  found  that

 suprapostural  task  altered  velocities  of  rambling,  trem-
ling  and  CoP  in  both  AP  and  ML  directions.  Rambling  and
rembling  can  also  reveal  adaptive  changes  in  the  sensory
ystem  over  time.  For  example,  whole  body  vibration  has
een  found  to  change  Rm-Tr  paths  of  body  sway  in  long-term
valuations.18 Another  study  by  Sarabon  et  al.29 showed  that
ging  had  a  strong  effect  on  rambling  parameters.  These
tudies  showed  that  the  evaluation  of  postural  control  by
tudying  rambling  and  trembling  could  shed  light  on  new
spects  of  postural  balance  that  conventional  analysis  of  CoP
as  unable  to  detect.

Although  research  to  date  has  evaluated  different  neu-
ophysiological  aspects  of  SI  joint  manipulation,  there  is  no
vidence  to  date  of  a definite  effect  of  spinal  manipulation
n  postural  control  by  supraspinal  and  spinal  mechanisms.
he  aim  of  this  clinical  trial  was  to  evaluate  the  effect  of  SI
oint  manipulation  on  balance  in  patients  with  SI  joint  dys-
unction.  Based  on  previous  studies,  our  first  hypothesis  was
hat  SI  joint  manipulation  would  change  balance  parameters
n  quiet  standing.  Our  second  hypothesis  was  that  SI  joint
anipulation  would  have  a  stronger  effect  on  trembling  than

n  rambling.

ethods

articipants
or  this  2-arm  double  blinded  randomized  clinical  trial,  78
ale  and  female  patients  (age  range:  20---50  years  old)  were

nitially  recruited.  The  patients  had  lower  back  pain  of  3
onths’  duration,  and  were  recruited  from  rehabilitation

http://www.irct.ir/searchresult.php?keyword=%D8%B3%D9%88%DB%8C%D9%87&id=15932&field=&number=8&prt=13&total=10&m=1
http://www.irct.ir/searchresult.php?keyword=%D8%B3%D9%88%DB%8C%D9%87&id=15932&field=&number=8&prt=13&total=10&m=1
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Assess ed for eligibility (n=78)

Excluded   (n=46)
♦   Not mee ting  inclusion criteria (n=46)
♦   Declined  to participa te (n=0) 
♦   Other  rea son s (n=0) 

Analysed   (n=16)
♦   Excluded f rom ana lysis (give reason s) (n=0)

Allocated  to intervention (n=16) 
♦   Received allocated intervention (n=16) 

♦   Did not  receive allocated  interven tion  (give
rea son s) (n=0)  

Analysed   (n=16)
♦   Excluded  from ana lysis (give reason s)  (n=0) 

Allocated  to  intervention (n=16) 
♦   Received allocated intervention  (n=16) 

♦   Did not  receive allocated intervention (give
rea son s) (n=0) 

Allo cation

Analysis

Rando mized (n=32)

Enroll ment

Interven tion group Sham group
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Figure  1  Consolidated  Standards  o

linics  affiliated  with  Shiraz  University  of  Medical  Sciences,
hiraz,  Iran.  They  entered  the  study  if  they  had  a Numeral
ating  Scale  score  of  6  or  lower  and  an  Oswestry  Disabil-

ty  Index  of  20---4030 with  no  history  of  treatment  during  the
revious  6  months.  Patients  were  excluded  if  they  had  any
istory  of  spinal  surgery,  hip  pathology,  vestibular  pathology,
rthritis,  or  neurological  central  nervous  system  pathology.
acroiliac  dysfunction  was  verified  by  the  patient’s  history
nd  physical  examination.  The  patient’s  history  consisted  of
ain  location,  pain  with  postures/activities  that  might  stress
he  SI  joint  (e.g.  turning  in  bed,  getting  out  of  the  bed,
tepping  up  with  the  affected  leg,  standing  from  sitting)
nd  any  direct/indirect  trauma  to  SI  joint  (e.g.  stepping  of

 curb,  fall  on  buttocks,  strain  and  twisting  maneuvers).31

or  the  physical  examination,  an  expert  physical  therapist
valuated  all  patients.  The  presence  of  SI  joint  dysfunction
as  confirmed  by  a  group  of  different  tests  (i.e.  Yeoman’s

est,  Gaenslen’s  sign,  the  FABER  test,  the  compression  test
nd  thigh  thrust)  with  high  reliability  and  validity.32---36 If
t  least  3  of  the  tests  were  positive,  then  the  patient  was
ntered  into  the  study6 after  he  or  she  signed  an  informed
onsent  form  developed  by  the  Medical  Ethics  Commit-
ee  of  Shiraz  University  of  Medical  Sciences,  Shiraz,  Iran
approval  number  CT  P  91  4512).  This  trial  was  prospec-
ively  registered  at  www.irct.ir,  trial  registration  number

 IRCT2014072715932N8.
Based  on  work  by  Byl  and  Sinnott37 and  considering  a  4-

m  between-group  difference  and  SD  =  3.1,  sample  size  was
alculated  as  14  patients  in  each  group  for  90%  statistical
ower  and  an  alpha  error  of  0.05.  A  convenience  sample

f  32  patients  (17  women  and  15  men)  were  entered  in  the
tudy.  They  were  assigned  to  one  of  two  groups  of  16  patients
i.e.  intervention  or  sham  group)  with  computerized  blocked
andomization  using  the  Randomizer  program.38 Allocation

n
B
r
s

orting  Trials  flowchart  of  the  study.

as  concealed  as  the  Randomizer  program  performed  the
andomization.  Patients  were  not  aware  of  the  other  group.
ale/female  ratio  in  the  intervention  and  sham  group  was
/8  and  7/9  respectively.  The  CONSORT  flowchart  (Fig.  1)
ummarizes  information  about  the  study  population,  sample
nd  analysis.  All  procedures  were  conducted  according  to
he  Declaration  of  Helsinki.

rocedure

n  the  pre-intervention  phase,  patients  stood  barefoot  on  a
orce  platform  with  their  eyes  open  for  3  trials  of  30  s  in  an
pright  quiet  stance.  To  eliminate  bias,  another  therapist
ho  was  an  expert  in  the  field  of  biomechanics  measured
alance  and  analyzed  the  data  without  the  knowledge  of
atients’  grouping.  Center  of  pressure  parameters  along
ith  force  data  were  recorded  during  quiet  standing  on

 Kistler  400  mm  ×  600  mm  force  platform  (Kistler  9286  A,
istler  Co,  Winterthur,  Switzerland).  The  system  was  cali-
rated  before  data  capture  based  on  standard  instructions
rom  the  manufacturer,  using  a  Cartesian  x---y---z  coordinate
ystem.  Signals  were  acquired  at  a  sampling  rate  of  120  Hz
ith  Qualisys  Tracking  Manager  software  (version  2.0.325

Qualisys  Inc.,  Göteborg,  Sweden),  and  the  data  were  ana-
yzed  with  custom-made  software  developed  in  LabVIEW
011  (National  Instruments  Co.,  Austin,  TX,  USA)).  Pre-
rocessing  consisted  of  two  separate  filters  of  the  acquired
ignals,  one  for  net  horizontal  force  signals  (10  Hz  low-pass
econd-order  Butterworth)  and  another  for  the  two  compo-

ents  of  CoP  projection  (0.04---10  Hz  band-pass  second-order
utterworth).  The  two  components  of  CoP  (AP  and  ML)  in
ambling  and  trembling  were  decomposed  according  to  Zat-
iorsky  and  Duarte.22

http://www.irct.ir/
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Table  1  Summary  of  participants’  baseline  characteristics  in  the  2  groups  of  patients.

Variable  Manipulation  group
(n  =  16  patients)
Mean  (SD)

Sham  (n  =  16  patients)  group
Mean  (SD)

Age  (years)  23.44  (9.00)  24.19  (15.12)
Weight (kg)  62.11  (78.88)  62.28  (53.40)
Height (cm)  170.00  (40.00)  171.06  (40.00)
Oswestry Disability  Index  30.00  (5.00)  30.00  (4.00)
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Previous  studies  have  shown  that  patients  with  SI  joint
dysfunction  have  deficits  in  balance  control,5 and  that
Numeral Rating  Scale  3.00  (0.00)  

Then  in  the  intervention  group,  a  high-velocity,  low-
amplitude  thrust  was  applied  to  the  affected  SI  joint  by  an
expert  physical  therapist.  The  patient  lay  supine  and  the
therapist  stood  contralateral  to  the  manipulation  side.  The
patient  passively  curled  toward  the  side  to  be  manipulated,
with  his  or  her  fingers  locked  behind  the  head.  Then  the
therapist  rotated  the  patient  toward  himself  and  applied  a
quick  thrust  to  the  anterior  superior  iliac  spine  in  a  posterior
and  inferior  direction  on  the  affected  side.  The  technique
was  repeated  up  to  3  times  if  no  audible  pop  was  heard.6

Patients  in  the  control  group  (i.e.  sham  treatment)  were
positioned  similar  to  the  treatment  group  but  no  thrust  force
was  applied.  The  duration  of  the  real  or  sham  manipulation
was  equal  in  both  groups.  The  therapist  who  performed  the
manipulation  was  the  one  who  physically  assessed  patients
during  the  examination  process.  In  the  post-manipulation
phase,  CoP  was  measured  the  same  way  as  in  the  pre-
intervention  phase.

Outcome  measures

Rambling  and  trembling  were  quantified  with  parameters
used  previously  in  other  studies  and  were  our  primary  out-
comes:  mean  velocity,  amplitude  as  the  root  mean  square,
and  mean  frequency.  All  evaluations  were  performed  at  the
Center  for  Human  Motion  Science  Research  of  Shiraz  Univer-
sity  of  Medical  Sciences.

Statistical  analyses

Data  was  analyzed  based  on  the  fact  that  all  subjects
received  the  treatment  or  sham  condition  as  planned  (inten-
tion  to  treatment  approach).  Statistical  analyses  were
performed  using  SPSS  version  18  software  (SPSS  Inc.,
Chicago,  IL,  USA).  The  Shapiro---Wilk  test  was  used  to  test
the  normal  distribution  of  the  variables  measured,  and  a
log-transformation  test  was  used  to  correct  non-normally
distributed  variables.  An  independent-sample  t-test  was
used  to  identify  differences  before  and  after  treatments.
Analysis  of  variance  was  used  to  identify  variations  between
the  two  groups,  and  between  the  two  trials  within  each
group.  Higher  values  of  F  indicated  a  greater  likelihood  of
statistically  significant  differences  between  the  groups.  Bon-
ferroni  correction  was  used  to  adjust  for  potential  alpha

value  inflation.  The  level  of  statistical  significance  was  set
at  p <  0.05.

a
d

3.00  (1.00)

esults

he  patients’  anthropometric  characteristics,  mean  of  pre-
est  and  post-test  differences  are  shown  in  Table  1,  and  the
esults  of  descriptive  statistics  are  summarized  in  Table  2.
o  significant  differences  in  the  ML  direction  were  found.
ime,  group  and  interaction  effects  in  the  AP  direction  were
ound  and  are  summarized  below.

Root  Mean  Square  (RMS)  of  the  variables  of  CoP  were  on
verage  higher  for  AP  than  for  ML  (CoP:  2.83  vs.  1.33  mm,
m:  2.72  vs.  1.34  mm;  Tr:  1.06  vs.  0.82  mm).  Similarly,  mean
elocities  were  on  average  higher  for  AP  than  for  ML  (CoP:
.42  vs.  2.72  mm/s,  Rm:  2.66  vs.  1.37  mm/s;  Tr:  4.63  vs.
.30  mm/s).  Mean  frequencies  were  similar  for  AP  and  ML
CoP:  0.23  vs.  0.29  Hz;  Rm:  0.18  vs.  0.19  Hz;  Tr:  0.82  vs.
.55  Hz).

No  interaction  effects  (group  ×  time)  were  detected  for
ny  of  the  parameters  (p  >  0.05).  Statistically  significant
ithin  group  differences  were  detected  only  in  the  treat-
ent  group  for  trembling  frequency  (F(1, 30) =  7.87,  p  <  0.01,

2 =  0.208)  and  velocity  in  the  AP  direction  (F(1, 30) =  4.90,
 <  0.05,  �2 =  0.140)  (Fig.  2) (Table  2).

iscussion

he  aim  of  this  study  was  to  evaluate  the  effect  of  SI  joint
anipulation  on  rambling  and  trembling  parameters  of  CoP
uring  quiet  standing  in  patients  with  SI  dysfunction.  Our
esults  indicated  that  generally  sacroiliac  joint  manipula-
ion  was  not  superior  to  sham  treatment  regarding  postural
ontrol.

Because  of  the  nature  of  trembling,  which  originates  from
he  moment  of  the  ankle  joint,21,22 the  inverted  pendulum
heory  appears  to  offer  useful  avenues  to  explain  alterations
n  the  trembling  component  in  this  study.  When  the  ankle
trategy  is  used,  movements  upon  a  wide  base  of  support
re  compensated  by  muscles  around  the  ankle  joint,  espe-
ially  in  the  sagittal  plane.  Our  findings  showed  that  SI  joint
anipulation  mainly  affects  body  sway  parameters  in  the  AP
irection.  Because  the  evaluation  was  performed  in  quiet
tanding  (i.e.  not  on  a  narrow  base  of  support  or  with  exter-
al  perturbations),  we  observed  no  hip  strategy  mechanism
as  observed  based  on  load---unload  mechanisms26 (i.e.  no
hanges  in  the  ML  variables)  after  SI  joint  manipulation.
ltered  muscle  control  is  an  important  factor  in  balance
eficits.8,39 Spinal  manipulation  has  reported  to  change  both
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Table  2  Results  of  within  and  between-group  comparisons  for  all  outcome  measures  in  the  2  groups  of  patients.

Intervention  group  Sham  group  Adjusted  mean
difference

95%  CI  p

Pre  Post  Pre  Post

ML
CoPF (Hz) 0.29  (0.08) 0.26  (0.10) 0.31  (0.07) 0.30  (0.07) 0.03 −0.08  to  0.01 0.14
RmF (Hz)  0.20  (0.04)  0.18  (0.06)  0.20  (0.05)  0.18  (0.05)  0.01  −0.02  to  0.02  0.79
TrF (Hz)  0.57  (0.25)  0.59  (0.20)  0.54  (0.17)  0.49  (0.19)  −0.08  −0.05  to  0.19  0.27
CoPRMS (mm)  1.15  (0.33)  1.30  (0.38)  1.48  (0.74)  1.38  (0.57)  −0.03  −0.51  to  0.11  0.20
RmRMS (mm)  1.17  (0.47)  1.32  (0.50)  1.49  (0.84)  1.37  (0.47)  −0.03  −0.53  to  0.16  0.29
TrRMS (mm)  0.71  (0.38)  0.70  (0.42)  0.96  (0.69)  0.91  (0.36)  0.16  −0.51  to  0.05  0.08
CoPV (mm/s)  2.54  (0.66)  2.49  (0.68)  2.90  (0.81)  2.94  (0.96)  0.13  −0.94  to  0.13  0.13
RmV (mm/s) 1.35  (0.42)  1.27  (0.32)  1.48  (0.46)  1.36  (0.54)  0.00  −0.40  to  0.18  0.47
TrV (mm/s)  2.16  (0.58)  2.10  (0.57)  2.43  (0.71)  2.50  (0.77)  0.17  −0.78  to  0.11  0.19

AP
CoPF (Hz)  0.22  (0.05)  0.24  (0.07)  0.23  (0.06)  0.23  (0.05)  0.01  −0.04  to  0.03  0.84
RmF (Hz)  0.17  (0.04)  0.18  (0.05)  0.17  (0.04)  0.18  (0.04)  0.10  −0.02  to  0.02  0.93
TrF (Hz)** 0.87  (0.32)  1.04  (0.39)  0.62  (0.20)  0.73  (0.34)  0.23  0.07  to  0.48  0.00**

CoPRMS (mm)  2.73  (1.17)  2.95  (2.22)  2.75  (1.09)  2.87  (1.02)  0.05  −0.94  to  1.01  0.80
RmRMS (mm)  2.68  (1.26)  2.87  (2.08)  2.63  (0.91)  2.71  (0.98)  0.03  −0.82  to  1.03  0.92
TrRMS (mm)  0.97  (0.64)  0.89  (0.48)  1.29  (0.84)  1.08  (0.59)  0.17  −0.67  to  0.15  0.19
CoPV (mm/s)  5.59  (1.11)  5.83  (1.19)  5.17  (1.53)  5.10  (1.15)  −0.17  −0.26  to  1.41  0.13
RmV (mm/s)  2.62  (0.52)  2.83  (0.91)  2.47  (1.03)  2.71  (0.71)  0.08  −0.38  to  0.65  0.43
TrV (mm/s)* 4.96  (1.22)  5.10  (1.03)  4.29  (1.14)  4.18  (1.06)  0.15  0.03  to  1.55  0.03*

ML, medial---lateral direction; AP, anterior---posterior direction; Rm, Rambling; Tr, Trembling; V, mean velocity; RMS, amplitude; F, mean
frequency; Pre, pre-intervention measurements; Post, post-intervention measurements.

* Significance level: p < 0.05.
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** Significance level: p < 0.01.

eripheral  control  mechanisms  (i.e.  somatosomatic  (mus-
le)  reflexes  and  central  information  processing).22 Previous
tudies  have  shown  altered  muscle  activity  in  multiple
uscles  (e.g.  multifidus,  quadratus  lumborum,  gluteals)

ollowing  manipulation.9 Higher  trembling  velocities  are
ssociated  with  increased  muscle  activity.40 Therefore,  sig-
ificantly  higher  trembling  frequency  and  velocity  may  be

 result  of  a  change  in  the  CoP  by  muscle  activation  due
o  manipulation.  Although  no  previous  studies  were  found
hat  were  directly  comparable  to  the  present  report,  our
ndings  are  consistent  with  the  results  of  Freitas  et  al.26

nd  Solnik  et  al.,27 who  inferred  that  increased  trembling
elocity  in  the  AP  direction  may  be  due  to  increased  mus-
le  contraction.  The  increase  in  trembling  frequency  and
elocity  supports  our  suggestion  that  trembling  may  be  a
esult  of  spinal  reflexes  and/or  the  intrinsic  properties  of
uscles.
Rambling  parameters  did  not  change  after  SI  joint

anipulation  in  our  manipulation  participants.  One  expla-
ation  is  that  whole-body  movements  occur  according  to
redetermined  controlling  schemes  containing  orders  for
uscle  and  joint  positions.  These  schemes  may  change  in

esponse  to  peripheral  conditions.28 Earlier  studies  reported
ome  alterations  in  the  central  processing  of  sensory
nformation  with  spinal  manipulation.22 However,  these

lterations  appear  not  to  change  the  main  balance  con-
rolling  scheme  from  upper  centers.  No  changes  in  CoP
arameters  were  found  in  any  direction  after  SI  manipu-
ation.  This  finding  may  arise  as  a  result  of  shifting  CoP

S
A
a

long  the  rambling  trajectory.22 In  other  words,  our  study
howed  that  the  upright  standing  control  strategy  may  not
hange  with  SI  joint  manipulation,  because  neither  the  tra-
ectory  nor  the  velocity  of  the  equilibrium  points  changed.
s  manipulation  does  not  change  equilibrium  points  (Rm),  it
ad  no  adverse  effect  on  balance.  On  the  other  hand,  short
ime  effects  of  muscle  activation  with  manipulation  could
e  the  first  step  for  clinical  improvement  of  muscles  func-
ion  related  to  SI  joint  dysfunction.  Neuromuscular  training
rograms  used  after  manipulation  may  continue  muscle  acti-
ation  over  time  and  could  be  used  as  part  of  a  treatment
rogram  as  previous  studies  supported  this  treatment  over
xercise  alone  in  neck  pain  patients.41 This  combination  may
roduce  greater  short-term  effect  and  long-term  changes.

Our  study  had  some  limitations.  Injection  in  the  SI  joint
s  the  gold  standard  method  to  evaluate  SI  dysfunction.  The
ain  limitation  of  this  study  was  that  most  patients  declined

I  joint  injection.  To  resolve  this  issue,  we  used  a  group  of  5
ifferent  tests  with  high  reliability  and  validity  rates.32---36

nother  limitation  of  this  study  is  that  we  did  not  mea-
ure  pain  and  function  after  intervention.  Although  all  of
he  patients  reported  pain  reduction  after  manipulation,  we
id  not  record  the  pain  level.  Challenging  conditions  (i.e.
ensory  and  motor  challenges)  were  not  evaluated,  because
hey  might  have  affected  the  results  of  the  study.
Future  studies  should  investigate  the  long-term  effects  of
I  joint  manipulation  with  a  follow-up  (longitudinal)  design.
lso,  pain  measurement  after  manipulation  may  reveal
dditional  aspects  of  postural  control  that  are  of  clinical
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Figure  2  CoP,  Rm  and  Tr  parameters  compared  by  group  effe
show the  AP  direction  for  the  2  groups  of  patients.

importance.  In  addition,  sensory  challenges  such  as  perform-
ing  the  balance  tasks  with  eyes  closed  or  while  standing  on
a  foam-lined  mat  would  yield  more  information  about  the
effect  of  manipulation  on  postural  control  mechanisms.

Generally  sacroiliac  joint  manipulation  had  no  superiority
to  sham  treatment  in  terms  of  postural  control.  Manipulation
may  increase  muscle  activation  in  the  treatment  group  due
to  increased  trembling  parameters.
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