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Abstract
Background:  Assessing  the  lumbopelvic  region  is  useful  for  detecting  many  musculoskeletal
dysfunctions  and  also  performance  deficits.  Several  clinical  tests  are  used  to  assess  this  region,
however, reference  values  and  results  related  to  method,  reliability  and  error  measurements
of these  tests  have  not  been  reported.
Objectives:  To  establish  reference  values  and  determine  reliability,  standard  error  of  measure-
ment (SEM),  typical  error  of  measurement  (TEM)  and  minimum  detectable  change  (MDC)  of  a
set of  clinical  tests  used  for  assessing  the  lumbopelvic  region  in  subjects  divided  by  gender,  age
group and  physical  activity  levels.
Methods:  An  observational  study  was  conducted.  For  reference  values,  152  subjects  performed
eight clinical  tests  (isometric  strength  of  hip  muscles;  deep  abdominal  function  and  endurance
tests) used  to  assess  the  lumbopelvic  region.  Reliability  analyses  were  assessed  using  the  Intra-
class Correlation  Coefficient  (ICC2,1)  and  error  measurements  were  calculated  by  using  the  SEM,
TEM and  the  MDC.

Results:  Reference  values  were  established  for  each  group  and  results  showed  significant

(p <  0.05)  differences  concerning  gender,  age  group  and  physical  activity  levels  in  clinical  tests.
All tests  presented  good  reliability  indices  with  an  ICC  higher  than  0.80  for  reliability;  MDC  values
were greater  than  mean  of  SEM  in  all  tests,  confirming  its  usage  for  clinical  practice  assessments.
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Conclusion:  Reference  values  are  necessary  in  the  evaluation  of  subjects  and  these  results  can
contribute  for  clinical  practice,  providing  clinical  training  targets.  Also,  evaluation  of  reliability
and error  measurements  in  this  set  of  tests  allows  its  use  in  clinical  practice.
© 2017  Associação  Brasileira  de  Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier
Editora Ltda.  All  rights  reserved.
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nterventions  concerning  exercise  rehabilitation  have  been
xtensively  studied  and  results  confirm  that  exercise
lays  an  important  role  in  rehabilitation.1 Also,  results  of
ndurance  and  instability  tests  appear  to  be  related  to  pain
nd  the  disability  in  many  conditions  affecting  the  mus-
uloskeletal  system,2 which  makes  measures  of  function  a
ubject  of  great  importance  for  clinicians  and  researchers.
n  addition,  concerning  low  back  pain  patients,  there  is

 subgroup  that  despite  being  asymptomatic  for  daily  life
ctivities,  report  pain  while  performing  high  levels  of  phys-
cal  activity.  It  is  necessary  to  study  ways  to  assess  these
atients,  so  clinical  training  targets  can  be  established.
ne  possible  cause  is  impairment  of  movement  systems’
ndurance,  strength  and  power,3 not  only  in  the  low  back,
ut  also  hip  and  core  muscles.  For  that  reason,  there  is  a
eed  for  an  assessment  composed  by  a  set  of  tests  compiled
o  optimize  these  patients’  performance  for  higher  levels
f  physical  activities,  and  detect  muscle  deficits  that  can
ontribute  to  the  symptoms.

McGill  et  al.  stated  that  using  healthy  subjects’
ndurance  results  for  low  back  exercises  could  be  useful
or  patient  evaluation  and  for  providing  clinical  training
argets.4 However,  conflicting  results  concerning  test  reli-
bility  have  been  reported5,6 compromising  clinical  usage
ue  to  difficulties  in  identifying  deficits  of  assessed  individ-
als  in  follow-up  scenarios.7,8 Results  concerning  differences
etween  subjects’  performance  according  to  gender,  age,
nd  physical  activity  levels  are  discussed9,10 mostly  in
thletes,11 but  inconsistent  in  a  non-athlete  population.  To
he  best  of  our  knowledge,  there  is  no  evidence  of  reference
alues,  reliability  and  error  measurement  values  for  tests
ompiled  for  lumbopelvic  assessment  in  different  groups.

Physical  therapists  should  use  reliable  measures  for
ssessing  patients  to  assure  if  clinically  meaningful  changes
ave  occurred  during  treatment  period.12 For  clinical
ractice  usage,  hand  held  dynamometry,  pressure  biofeed-
ack  units  (PBU)  and  static  endurance  positions  are  gaining
onsiderable  interest,  since  these  are  more  portable,  eas-
er  to  perform  and  less  expensive  when  compared  to
ther  options  available  such  as  isokinetic  testing13 and
lectromyography.14 Several  tests  have  been  proposed  to
ssess  the  lumbopelvic  region15 but  to  be  clinically  useful,
ust  demonstrate  good  reliability  and  well-defined  testing

tandards.16---18
It  is  crucial  to  consider  a  combination  of  strength,  mus-
le  activity  and  endurance  tests  which  are  reliable,  easy
o  manage  and  affordable  to  be  incorporated  in  everyday

f
a
6
f

linical  practice.  Therefore,  the  aim  of  the  present  study  is
o  present  reference  values  and  also  intra  and  interrater  reli-
bility,  SEM,  TEM  and  MDC  of  a  set  of  tests  for  lumbopelvic
ssessment  using  measures  of  muscle  strength,  activity  and
ndurance  in  asymptomatic  subjects  stratified  by  gender,
ge  group  and  physical  activity  levels.

ethods

ubjects

ne  hundred  eighty  five  subjects  were  recruited  for  this
tudy  from  a local  university  setting  and  the  community.
or  reference  values,  152  subjects  (79  men,  73  women)
ivided  by  gender,  age  group  and  physical  activity  levels
ere  assessed.  Sample  size  for  reference  values  was  calcu-

ated  on  the  G*Power  software  (version  3.2.1),  based  on  data
rom  a  pilot  study,  considering  ˛  =  5%  and  95%  power,  result-
ng  in  a  minimum  of  16  individuals  per  group.  For  reliability,
3  subjects  (15  men,  18  women)  were  recruited.  Sample  size
as  estimated  by  the  study  of  Walter  et  al.,19 resulting  in  a
inimum  of  33  individuals.
This  observational  study  was  approved  by  the  Ethical

ommittee  of  Ribeirão  Preto  Medical  School,  Universidade
e  São  Paulo  (USP),  Ribeirão  Preto,  SP,  Brazil  (n◦ 6037/2015).

Inclusion  criteria  were:  ability  to  give  informed  consent,
ges  between  18  and  65  years  and  ability  to  write  and
omprehend  Portuguese.  Subjects  had  to  be  asymptomatic
ithout  one  year  history  of  neurological  or  musculoskeletal
iseases,  back  pain,  injury,  or  surgery  in  the  lumbar  spine,
ip,  shoulder  or  knee.  Women  who  were  in  their  period  were
escheduled  to  a  more  appropriate  stage  of  the  menstrual
ycle20 and  pregnant  women  were  excluded  from  the  study.
ll  subjects  gave  full  informed  consent  before  the  experi-
ents.

esting  procedure

esting  procedure  took  approximately  90  min  and  required
 hand  held  dynamometer  (HHD)  for  maximum  strength
easurements  (Lafayette  Instrument  Company,  01165,

afayette,  IN,  USA);  a  PBU  to  evaluate  the  activity  of  the
ransversus  abdominis  muscle  (TrA)  indirectly  (Stabilizer

®
,

hattanooga  Group  Inc.,  Hixson,  TN,  USA); a  stopwatch

or  time  measurements;  a  goniometer  for  test  positioning;
n  examination  table;  a  wedge  support  with  an  angle  of
0◦; belt  straps  made  from  an  inelastic  material  were  used
or  better  positioning  of  the  HHD  and  avoiding  potential
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Lumbopelvic  strength  and  endurance  

compensations  by  subjects  during  hip  abductors,  extensors
and  flexors  test  performance.

For  maximum  voluntary  isometric  contraction  (MVIC)
tests,  which  were  measured  bilaterally,  examiners  main-
tained  verbal  encouragement  during  measurements,  asking
subjects  to  push  as  hard  as  possible  against  the  device.
Examiners  placed  hands  on  the  HHD  to  enhance  the  devices’
stabilization  during  the  test,  but  no  manual  resistance  was
applied  during  testing.  Three  MVIC  were  performed  on  each
test,  with  20  s  for  rest;  the  shaft  of  the  HHD  was  held  perpen-
dicular  to  the  tested  limb,  with  the  display  kept  away  from
the  subjects’  sight.  To  account  for  individual  or  group  differ-
ences  in  body  mass,  all  strength  data  were  normalized  using
the  following  equation:  [(kg  force/kg  body  mass)  ×  100].21

During  all  endurance  tests,  subjects  were  reminded  to  main-
tain  the  position  for  as  long  as  possible.

Sex,  age  and  anthropometric  characteristics  (height,
mass,  body  mass  index  [BMI])  were  recorded.  Subjects  were
verbally  encouraged  while  holding  the  positions  and  not  pro-
vided  with  any  clues  to  their  scores  until  the  conclusion  of
the  test.

Measurement  procedures

Reference  values
For  reference  values,  the  main  examiner,  who  had  three
years  of  clinical  practice  and  testing  procedures  conducted
the  set  of  tests  in  subjects  who  met  the  inclusion  criteria.
The  Portuguese  version  of  the  International  Physical  Activity
Questionnaire  (IPAQ)  ---  Short  Version  was  applied  to  charac-
terize  subjects  according  to  their  physical  activity  levels.22

To  minimize  differences  between  test  results  which  could
be  due  to  randomization,  the  set  of  tests  were  performed
using  a  pre-established  order:  MVIC  of  hip  abductors,  exten-
sors  and  flexors,  deep  abdominal  function,  prone  and  lateral
bridges  (right  and  left  sides),  trunk  flexors  and  extensors.

Reliability
Two  trained  raters  with  30  h  of  training  in  testing  procedures
and  devices  participated  in  the  reliability  testing.  All  three
evaluations  had  to  be  performed  within  a  week  period  and
followed  the  Consensus-based  Standards  for  the  selection  of
health  Measurement  Instruments  (COSMIN).18 For  the  inter-
rater  reliability,  subjects  were  evaluated  by  both  examiners
with  24  h  of  rest  period.  Intrarater  reliability  was  conducted
by  the  main  examiner  with  a  minimum  of  three  and  a  max-
imum  of  seven  days  apart.  Test  procedures  were  explained
to  all  subjects  before  the  experiments  and  the  informed
consent  was  signed.  The  set  of  tests  were  performed  in  ran-
dom  order,  by  drawing  the  tests  from  a  black  bag  before  the
beginning  of  the  assessment.  IPAQ  was  also  applied  to  char-
acterize  subjects  according  to  physical  activity  levels,22 and
the  sample  was  composed  by  active  and  inactive  individuals
oriented  not  to  change  their  physical  activity  routines  during
testing  period.

Test  descriptions
Muscle  strength  testing
Abductors  strength  was  evaluated  with  the  subject  side  lying
on  the  examination  table.  The  limb  to  be  evaluated  was
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ositioned  by  the  examiner  at  approximately  20◦ of  abduc-
ion,  10◦ of  extension,  and  hip  neutral  rotation;  HHD  was
ositioned  superior  to  the  lateral  malleolus  (Fig.  1A).23 Hip
xtensors  were  assessed  with  the  subject  in  prone  on  the
able,  knee  flexed  at  90◦ and  hip  in  slight  lateral  rota-
ion;  HHD  was  positioned  on  the  distal  posterior  thigh  region
Fig.  1B).23 Hip  flexors  strength  was  evaluated  with  the
ubject  lying  supine,  hands  holding  onto  the  edges  of  the
xamination  table  and  knee  of  the  limb  to  be  evaluated
ending  over  its  edge;  HHD  was  positioned  superior  to  the
istal  anterior  thigh  region,  superior  to  the  patella;  the  con-
ralateral  limb  was  placed  with  the  foot  on  the  table,  knee
exed  (Fig.  1C).24

eep  abdominal  function  testing
he  inflatable  part  of  the  PBU  (Stabilizer

®
,  Chattanooga

roup  Inc.,  Hixson,  TN,  USA) was  placed  centrally  beneath
he  abdomen  with  the  lower  edge  at  the  level  of  the  anterior
uperior  iliac  spines,  below  the  navel  (Fig.  1D).25 The  unit
as  inflated  to  a  baseline  of  70  mmHg  to  calculate  changes  in
ressure  readings  and  subjects  were  instructed  how  to  con-
ract  their  TrA  using  an  abdominal  drawing-in  maneuver.  Due
o  movement  patterns  and  familiarization  with  the  device
articipants  were  allowed  to  practice,  but  no  more  than
hree  practice  tries  were  allowed  in  an  attempt  to  prevent
remature  fatigue.  During  practice,  patients  were  corrected
y  therapists  concerning  the  movement  to  be  performed
uring  the  drawing  in  maneuver,  in  order  to  achieve  the  best
ontraction  possible:  maintenance  of  a  neutral  spine  posi-
ion  was  reinforced,  but  pressure  or  muscle  tension  in  the
ower  ribs,  rectus  abdominis  and/or  pressure  through  the
ower  limbs  were  not  encouraged.  Readings  were  taken  at
he  start  and  finish  of  a  10-second  contraction,  over  three
onsecutive  contractions.

ndurance  testing
ide  bridge  test  (Fig.  1E)4 consisted  of  subjects  side  lying  on
he  examination  table  with  legs  extended.  Subjects  were
nstructed  to  support  themselves  lifting  their  hips  off  the
xamination  table  to  maintain  a  straight  line  over  their  full
ody  length,  supporting  on  their  forearms  and  their  feet.
est  ended  when  the  straight  line  could  not  be  maintained
nd  hips  returned  to  the  examination  table.

For  the  prone  bridge  test,  subjects  began  lying  prone
n  the  examination  table,  propped  on  the  elbows.  The
lbows  were  spaced  shoulder-width  apart,  and  the  feet
ere  set  with  a  narrow  base,  but  not  touching.  Subjects

aised  the  pelvis  from  the  floor  so  that  only  the  forearms
nd  the  toes  were  in  contact  with  the  examination  table.
houlders,  hips,  and  ankles  were  maintained  in  a  straight
ine  (Fig.  1F)26;  position  was  held  until  fatigue  prevented
aintenance  of  the  test  position,  (body  straight  line  and

imbs).
The  flexor  endurance  test  (Fig.  1G)4 required  subjects

o  sit  on  the  examination  table  and  place  the  upper  body
gainst  a  wedge  support  with  an  angle  of  60◦ from  the

xamination  table.  Knees  and  hips  were  flexed,  arms  folded
cross  the  chest  with  hands  placed  on  the  opposite  shoulder
nd  toes  under  straps.  Subjects  were  instructed  to  maintain
ody  position  while  the  support  was  pulled  back  10  cm  to
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Figure  1  Set  of  clinical  tests  performed  for  lumbopelvic  functional  assessment.  Strength  measurement  for  (A)  hip  abductors,
(B) hip  extensors,  (C)  hip  flexors,  (D)  position  for  the  TrA  muscle  activity  test,  (E)  side  bridge,  (F)  prone  bridge,  (G)  trunk  flexors
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ndurance test,  and  (H)  trunk  extensors  endurance  test.

egin  the  test.  The  test  ended  when  the  subject  could  not
aintain  the  initial  upper  body  position.
The  extensor  endurance  test  (Fig.  1H)  was  modified  from

he  Biering---Sorensen  test.27 Subjects  laid  prone  with  the
ower  body  fixed  to  the  test  bed  at  the  ankles,  knees,  and
ips  and  the  upper  body  extended  over  the  edge  of  an  exam-
nation  table.

Subjects  rested  their  upper  bodies  on  the  floor  before
he  exertion.  At  the  beginning  of  the  exertion  the  upper
imbs  were  held  across  the  chest  with  the  hands  resting  on
he  opposite  shoulders,  and  the  upper  body  was  lifted  off
he  floor  until  the  upper  torso  was  horizontal  to  the  floor.
ubjects  were  instructed  to  maintain  the  horizontal  position
s  long  as  possible.  Endurance  time  was  manually  recorded
n  seconds  with  a  stopwatch  from  the  point  at  which  the
ubject  assumed  the  horizontal  position  until  the  upper  body
ame  in  contact  with  the  floor.

tatistical  analysis

or  reference  values,  data  distribution  was  verified  by  the
hapiro---Wilk  test  and  homoscedasticity  by  the  Levene  test.
haracterization  variables  of  the  sample  were  analyzed  by
NOVA  Three-Way.  Then,  for  the  analysis  of  the  dependent

ariables  on  the  study,  logarithmic  transformations  were
pplied  to  the  data  (Log  10)  to  minimize  deviations  in  the
ormality  of  distribution  and  homogeneity  of  data  variance.
ata  were  analyzed  by  ANCOVA  Three-Way  [2  (Gender:  Male

f
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a

s.  Female)  ×  2  (Age  Range:  18---40  years  vs.  41---65  years)  ×  2
Physical  Activity  Level:  Active  vs.  Sedentary)]  being  used  as
ovariate  the  BMI.  When  significant  interactions  and  main
ffects  were  found  univariate  analyses  were  conducted  fol-
owed  by  Sidak’s  post  hoc  tests  where  appropriate.  Due  to
he  large  number  of  possible  comparisons,  the  interactions
ere  analyzed  from  largest  (triple)  to  lowest  complexity,
nd  the  results  concerning  significant  interactions  or  main
ffects  composed  of  the  largest  number  of  factors  were
escribed.  The  significance  level  was  5%  (p  <  0.05).  All  anal-
ses  were  conducted  in  SPSS  software  statistic  18.0  (SPSS
nc.,  Chicago,  USA).28

Reliability  was  assessed  by  using  Intraclass  Correlation
oefficient  (ICC)  with  95%  confidence  interval  (CI).  Intra
nd  interrater  reliability  were  assessed  using  ICC2,1 model
two  way  mixed  model  analysis  of  variance).  ICC  values  of
.75  and  above  represent  good  reliability,  values  between
.40  and  0.74  represent  moderate  reliability  and  those
elow  0.40  indicate  poor  reliability.29 Standard  error  mea-
urement  (SEM),  typical  error  of  measurement  (TEM),  and
inimal  detectable  change  (MDC)  at  95%  of  the  CI  were
etermined  for  each  test  score  by  the  formulas:  SEM  =  SD  ×
(1  −  ICC2,1),  where  SD  stands  for  the  standard  deviation

f  mean  from  measurements  and  ICC2,1 value  was  obtained
29

√
30
rom  test---retest  reliability ;  TEM  =  SDdiff/ 20, where

Ddiff is  the  standard  deviation  of  differences  test---retest;
nd  MDC  =  1.96  ×  SEM  × √

2.31
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Table  1  Demographic  characteristics  of  the  study  population  for  reference  values;  mean  (SD).

Groups  n  Age  (years)  Mass  (kg)  Height  (m)  BMI  (kg/m2)

Active  Male  18---40  yo  24  28  (8)  79.2  (6.8)  1.81  (0.05)  25.0  (2.6)
Active Female  18---40  yo  20  25  (5)  63.0  (7.7)  1.66  (0.05)  23.1  (2.0)
Inactive Male  18---40  yo 20  30  (5)  80.9  (10.8)  1.79  (0.09)  25.3  (2.8)
Inactive Female  18---40  yo 19  27  (4) 65.7  (12.7)  1.66  (0.06)  24.3  (4.7)
Active Male  41---65  yo 17  52  (7) 85.6  (6.5) 1.82  (0.07) 25.9  (1.6)
Active Female  41---65  yo 17  51  (7) 71.2  (8.0) 1.66  (0.04) 25.8  (2.7)
Inactive Male  41---65  yo  18  51  (8)  84.1  (9.0)  1.82  (0.07)  25.5  (2.4)
Inactive Female  41---65  yo  17  53  (7)  67.8  (7.9)  1.66  (0.06)  24.6  (2.1)
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yo, years old; BMI, body mass index.

Results

Demographic  characteristics  of  the  study  population  for  sub-
jects  assessed  for  reference  values  are  provided  in  Table  1.

Concerning  reliability,  33  individuals  were  assessed
(15  men,  18  women;  age:  22.87SD4.41  years;  BMI:
24.44SD3.27  kg/m2)  and  the  results  were  good,  with  an
ICC  >  0.80  for  intrarater  and  interrater  reliability.  The  higher
ICCs  for  intrarater  and  interrater  reliability  were  found
on  the  trunk  extensors  endurance  and  left  lateral  bridge,
respectively.  The  SEM  ranged  from  1.24  to  2.06  kgf  in  MIVC
tests,  from  4.79  to  9.38  s  in  endurance  tests  and  was
1.50  mmHg  in  the  deep  abdominal  function  test.  The  MDC
indices  varied  from  3.44  to  5.70  kgf  in  MVIC  tests,  from  13.28

to  26.00  s in  endurance  tests  and  4.14  mmHg  in  the  deep
abdominal  function  test  (Table  2).

Table  3  shows  the  reference  values  of  clinical  tests
according  to  gender,  age  group  and  physical  activity  levels.

R
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Table  2  Reliability  and  error  measurements  of  clinical  tests  used

Test  Mean  (SD)  Intrarater
reliability  (95%
CI)

Inter
relia
CI)

Hip  abductors
strength  (kgf)

Right  20.64  (4.36)  0.92  (0.84---0.96)  0.82

Left 19.15  (3.91)  0.86  (0.71---0.93)  0.91
Hip extensors

strength  (kgf)
Right  25.62  (5.95)  0.92  (0.84---0.96)  0.90

Left 25.10  (5.66)  0.94  (0.87---0.97)  0.86
Hip flexors

strength  (kgf)
Right  36.52  (8.24)  0.95  (0.91---0.97)  0.83

Left 35.22  (8.33)  0.94  (0.87---0.97)  0.93
Side bridge  (s)  Right  56.62  (17.99)  0.91  (0.81---0.95)  0.924

Left 54.87  (19.39)  0.93  (0.86---0.97)  0.96
Prone bridge  (s)  84.17  (18.37)  0.93  (0.85---0.98)  0.95
TrA muscle

activity  (mmHg)
9.23  (3.36)  0.80  (0.76---0.90)  0.86

Trunk flexors
endurance  (s)

154.19  (44.21)  0.95  (0.91---0.98)  0.95

Trunk extensors
endurance  (s)

118.63  (37.74)  0.96  (0.92---0.98)  0.84

TrA, transversus abdominis.
SD stands for ‘‘standard deviation’’ and CI stands for ‘‘confidence inte
Concerning  gender,  male  were  stronger  than  female  in
oth  age  groups  and  physical  activity  levels,  presenting
onger  endurance  times  and  also  better  TrA  muscle  activity.
ctive  individuals  were  stronger  than  inactive  individuals,
resented  longer  endurance  times  and  better  deep  abdom-
nal  function  in  both  genders.  Also,  young  adults  presented
igher  strength,  endurance  and  TrA  muscle  activity  test  val-
es  when  compared  to  the  same  group  of  older  adults.
ur  results  show  main  effects,  interactions  and  significant

p  <  0.05)  differences  according  to  gender,  age  groups  and
hysical  activity  levels  in  clinical  tests.

iscussion
esults  of  the  present  study  show  that  reference  values  for  a
et  of  tests  compiled  for  lumbopelvic  assessment  were  possi-
le  to  be  established  in  asymptomatic  individuals  and  also  its
eliability  and  error  measurements  made  them  viable  for  use

 in  the  lumbopelvic  assessment.

rater
bility  (95%

Standard
error  mea-
surement
(SEM)

Minimal
detectable
change  (MDC)

Typical  error
of
measurement
(TEM)

 (0.74---0.94)  1.24  3.44  1.45

 (0.56---0.97)  1.47  4.08  0.74
 (0.80---0.95)  1.66  4.61  2.75

 (0.72---0.93)  1.41  3.91  2.50
 (0.66---0.92)  1.77  4.90  2.95

 (0.82---0.97)  2.06  5.70  1.50
 (0.85---0.96)  5.46  15.13  4.68

 (0.92---0.98)  5.06  14.02  4.38
 (0.90---0.97)  4.79  13.28  16.58
 (0.71---0.93)  1.50  4.14  2.03

 (0.89---0.97)  9.38  26.00  31.03

 (0.60---0.93)  7.73  21.44  34.07

rval’’
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Table  3  Reference  values  and  group  effects  for  clinical  tests  used  in  the  lumbopelvic  assessment;  mean  (SD)  [miminum---maximum  value].

Tests  Young  adults  (18---40  yo)  Older  adults  (41---65  yo)

Male  Female  Male  Female

Active
(n  =  24)

Inactive
(n  =  20)

Active
(n  =  20)

Inactive
(n  =  19)

Active
(n  =  17)

Inactive
(n  =  18)

Active
(n  =  17)

Inactive
(n  =  17)

MIVC  hip  abductors  (kgf)a,b Right  23.8  (6.9)‡,* 23.9  (5.9)‡ 23.4  (5.4)* 20.4  (6.7)  21.7  (4.0)‡,* 20.4  (4.7)‡ 20.2  (3.9)* 19.0  (4.9)
MIVC hip  abductors  (kgf)  Left  22.4  (6.1)  22.5  (4.6)  22.1  (6.2)  18.1  (7.4)  21.1  (4.0)  20.6  (4.6)  19.9  (4.2)  18.1  (4.3)
MIVC hip  extensors  (kgf)b Right  33.3  (13.2)‡ 30.7  (6.9)‡ 31.9  (10.0)  26.9  (11.1)  33.4  (5.0)‡ 29.9  (5.7)‡ 27.1  (6.3)  24.3  (6.1)
MIVC hip  extensors  (kgf)d Left  32.8  (13.4)‡ 32.1  (7.7)‡ 31.1  (9.0)* 26.2  (11.6)  32.7  (5.0)‡ 30.6  (6.3)‡ 27.1  (6.2)* 24.3  (6.9)
MIVC hip  flexors  (kgf)a,b Right  50.2  (16.9)‡,* 45.2  (9.7)‡ 45.4  (22.6)* 34.8  (9.2)  44.3  (7.7)‡,* 41.3  (7.4)‡ 32.1  (6.0)* 30.9  (7.9)
MIVC hip  flexors  (kgf)a,b Left  48.8  (16.4)‡,* 43.8  (9.1)‡ 44.2  (21.1)* 33.2  (11.5)  44.2  (8.0)‡,* 40.7  (6.8)‡ 32.2  (6.3)* 30.0  (7.1)
Side bridge  (s)f Right  89.3  (33.7)†,* 70.3  (16.2)† 85.7  (21.9)† 72.3  (6.8)† 63.2  (8.5)* 51.7  (9.6)‡ 62.2  (13.6)* 40.4  (7.0)
Side bridge  (s)f Left  88.5  (35.8)†,* 71.0  (22.1)† 84.8  (22.3)† 72.1  (12.4)† 63.4  (10.4)* 49.5  (7.4)‡ 60.8  (12.6)* 40.8  (6.8)
Prone bridge  (s)b,c 115.6  (35.9)†,* 100.3  (24.9)† 108.5  (22.5)†,* 87.3  (13.1)† 81.2  (11.7)* 68.5  (11.6)  77.4  (11.8)* 68.1  (12.5)
TrA muscle  activity

(mmHg)e
13.3  (6.4)‡,† 12.0  (6.5)‡,† 6.9  (5.1)  7.7  (4.0)  5.5  (2.2)  6.4  (2.4)  6.6  (2.3)  7.2  (1.9)

Trunk flexors  endurance  (s)b 284.4  (198.2)* 219.8  (56.9)  254.2  (56.7)* 213.5  (111.1)  133.1  (40.5)* 106.2  (13.7)  110.4  (19.5)* 105.9  (22.7)
Trunk extensors  endurance

(s)f
194.9  (105.8)† 167.3  (54.8)† 182.1  (62.4)† 161.6  (51.4)† 100.3  (18.3)* 69.5  (14.4)‡ 93.8  (27.0)  82.5  (19.7)

TrA, transversus abdominis.
SD stands for ‘‘standard deviation’’, yo for ‘‘years old’’ and MIVC for ‘‘maximum isometric voluntary contraction’’
Significant main effects and interactions:

a Gender main effect.
b Physical Activity Level main effect.
c Age Group main effect.
d Gender*Physical Activity Level interaction.
e Gender*Age Group interaction.
f Gender*Physical Activity Level*Age Group interaction.
* Difference related to Physical Activity Level (p < 0.05).
† Difference related to Age Group (p < 0.05).
‡ Difference related to Gender (p < 0.05).
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Lumbopelvic  strength  and  endurance  

in  clinical  practice.  Reference  values  for  hip  strength,  TrA
muscle  activity  and  static  back  endurance  in  asymptomatic
subjects  have  been  studied  in  different  populations21,32,33

and  isolated  results  for  the  tests  presented  in  this  study
have  been  advocated  for  use  in  recent  literature.  How-
ever,  presenting  stratified  reference  values  could  lead  to  a
more  accurate  and  specific  set  of  data,  since  several  stud-
ies  already  stated  how  much  these  variables  can  affect  test
results.34---37

Concerning  MIVC  tests,  results  presented  by  this  study  are
similar  to  current  literature38,39 which  demonstrated  that
HHD  presented  good  reliability  (>0.80)  for  assessing  strength
in  intrarater  measurements  and  showed  that  younger  male
subjects  exhibit  higher  strength  values  when  compared
to  female  or  older  male  subjects40;  however  these  tests
were  conducted  in  different  positions,  specific  populations,
strength  values  were  not  normalized  to  body  weight  and  did
not  use  verbal  encouragement  or  stabilizing  belt  straps  to
stabilize  and  prevent  the  subject  from  overpowering  the
examiner.  Previous  reliability  values  regarding  the  lateral
bridges,  lumbar  flexors  and  extensors  are  consistent  with
our  results,  but  these  studies  were  conducted  with  smaller
sample  sizes.4,26,27

The  PBU  has  been  initially  developed  to  educate  patients
in  retraining  of  muscle  activity  providing  visual  biofeed-
back  during  rehabilitation.14 Although  current  evidence
shows  that  measuring  TrA  muscle  activity  with  a  biofeed-
back  unit  is  poorly  correlated  to  surface  electromyography41

and  ultrasound  imaging42 and  clinical  questions  about  its
measurement  properties  are  yet  to  be  answered,43 recent
studies  consider  this  device  the  most  useful  tool  for  assessing
deep  abdominal  muscles44 in  clinical  practice  due  to  its  low
cost  and  manageability.  This  device  also  presented  good  reli-
ability  in  patients  with  chronic  nonspecific  LBP45 and,  similar
to  our  results,  asymptomatic  subjects  as  well.23,46

Also,  there  are  cases  of  individuals  whose  pain  is  trig-
gered  only  by  movement  system  fatigue.  These  patients  are
relatively  asymptomatic  and  may  have  no  flexibility  or  motor
control  deficits,  but  struggle  when  they  have  to  perform
intense  strength  and  endurance  tasks.3 Normative  data  of
asymptomatic  subjects  in  this  set  of  tests  should  optimize
these  individuals  assessment,  contributing  to  the  decision
making  process  on  rehabilitation  programs  and  also  return
to  higher  levels  of  physical  activities,  demanded  by  their  job
or  sports  practice.

These  tests  measure  different  attributes  with  different
determinants,  emphasizing  the  importance  of  careful  test
selection.  The  assessment  methods  proposed  present  lim-
itations  when  compared  to  the  gold  standards,  such  as
correlation  between  devices  and  bias  related  to  change  of
the  position  of  patient,  the  examiner  or  the  setting,  and
especially  concerning  the  use  of  the  PBU.  Also  due  to  the
high  range  of  the  age  groups  in  which  patients  were  divided
into,  external  validity  of  these  results  are  restricted,  since
they  should  only  be  considered  as  reliable  and  possible  to
be  used  as  reference  values  for  this  determined  popula-
tion,  and  in  assessments  which  followed  test  procedures
presented.
To  our  knowledge,  our  research  group  is  the  first  to
put  together  this  set  of  tests  and  with  the  attempt  of
approximating  some  of  the  studies  previously  conducted4 of
clinical  practice,  Future  studies  should  consider  developing
39

eference  values  for  these  tests  in  symptomatic  subjects,
n  order  to  facilitate  comparisons  between  individuals
nd  also  detect  asymptomatic  subjects  who  are  likely
o  develop  any  dysfunction  of  this  region,  such  as
BP.

onclusion

he  present  study  is  clinically  important  for  treatment
rogram  development  and  return  to  function  offering  a  reli-
ble,  more  portable,  easier  to  be  conducted  alternative  for
ssessing  strength  and  endurance  of  the  lumbopelvic  region
n  clinical  practice.
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