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Abstract

Background:  The  use  of  predictive  equation  of  muscular  torque  can  reduce  physical  effort  and
time spent  during  evaluation.
Objectives:  To  establish,  validate,  and  test  the  accuracy  of  a  prediction  equation  to  estimate
the hip  external  rotators  (HER)  torque  in adults  and  older  adults  by  means  of  hip  extensors
(HEX)  torque  measurement.
Methods:  Eighty-three  healthy  adults  (development  set)  were  assessed  to  test  the  association
of HEX  and  HER  torques  and  to  establish  the  prediction  equation.  A separate  36  adults  and  15
older adults  (validation  sets)  were  assessed  to  test  the  ability  of  the  equation  to  estimate  HER
torque. Hip  isometric  strength  was  assessed  by a handheld  dynamometer.
Results:  Simple  linear  regression  analysis  revealed  that  HEX  torque  was  associated
with  HER  torque  (r = 0.80;  p <  0.0001),  resulting  in  the  following  prediction  equation:
HERtorque=  −0.02  +  (0.58  *  HEXtorque).  Paired  t-test  revealed  no  difference  between  directly  mea-
sured and  predicted  values  of  HER  torque  in adults  (mean  difference  = 0.02;  95%  CI  =  −0.115,
0.072) and  older  adults  (mean  difference  =  0.05;  95%  CI  = −0.02,  0.12).
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Conclusion:  The  HEX  and  HER  torques  were  strongly  correlated.  The  prediction  equation  was
valid, accurate,  and  can  be used to  estimate  HER  muscle  strength  in  healthy  adults  and  older
adults, requiring  only  the  direct  measurement  of  HEX  torque.
© 2020  Associação  Brasileira  de Pesquisa  e  Pós-Graduação  em  Fisioterapia.  Published  by  Elsevier
Editora Ltda.  All  rights  reserved.

Introduction

Hip  muscle  weakness  might compromise  the performance
of different  activities1,2 and  is  related  to  different  health
conditions.3---5 The  strength  of the hip  external  rotator  (HER)
and  extensor  (HEX)  muscles  has been  related  to  the dynamic
control  of  the  lower  limb  in weight-bearing  tasks,6,7 as
well  as  related  to  balance  in  osteopenic  older  women.8

Specifically,  individuals  with  greater  HER  strength  present
reduced  knee  dynamic  valgus9 with  attenuation  of  ante-
rior  shear  forces  at the  tibiofemoral  joint.10,11 In  addition,
modifications  in landing  technique  associated  with  increased
HEX  strength  reduced  peak  patellar  tendon  force  during
the  landing  task  by  up  to  26%.12 Therefore,  weakness  of
these  hip  muscles  has  been  associated  with  the development
of  patellofemoral  pain,13,14 patellar  tendinopathy,8 and
knee  ligamentous  injuries.7 Furthermore,  in  older  women,
weakness  of  the HEX  and  HER  has  been associated  with
medial  knee osteoarthritis15 and  weakness  of  the HEX  with
fall  events.16 Thus,  HEX  and  HER  strength  are frequently
assessed  in clinical  settings  due  to  its  relevance  to  per-
formance  of  activities  of  daily  living and relationship  with
different  health  conditions.

The  gluteus  maximus  muscle  is  the primary  contributor
to  hip  external  rotation  and  extension.  This  muscle  accounts
for  16%  of  the  cross-sectional  area of the  hip  musculature
and  due  to  the obliquity  of  its  fibers,  71%  of  the  force
generated  during maximal  contraction  would  potentially  be
directed  to externally  rotate  the  hip.2 With  the hip at 0◦ of
flexion,  all  sections  of  the gluteus  maximus  are capable  of
generating  external  hip  rotation.17 As  both  movements,  hip
extension  and  hip  external  rotation,  have  the  same  muscle
as  a  potent  primary  motor,  it is  plausible  that hip  extension
strength  could be  strongly  associated  with  hip  external  rota-
tion  strength.  Therefore,  it might  be  feasible  to develop  a
prediction  equation  to  estimate  HER  muscle  torque  from  a
clinical  measure  of HEX muscle  torque.

The evaluation  of  individuals  with  musculoskeletal  disor-
ders  in  clinical  practice  involves  performing  several  clinical
tests,  including  muscle  strength.18 The  assessment  of  maxi-
mum  strength  using a handheld  dynamometer  has proved  to
be  valid  and  reliable.19,20 However,  when  performed  repeat-
edly with  the  same  muscle,  it can  cause  muscle  fatigue  and
immediate  decrease  in the produced  force,21 compromis-
ing  the  individual’s  performance  during  the test  and  the
validity  of  the measurement.  In this context,  prediction
equations  have  been  useful  in reducing  physical  effort  and
the time  spent  performing  muscle  tests.22,23 The  purpose
of the  present  study  was  to establish,  validate,  and  test  the
accuracy  of a prediction  equation  to  HER  muscle  torque  from

a clinical  measure  of  HEX  muscle  torque  in healthy  young  and
older  adults.

Methods

Participants

The  first  group  (training  set) consisted  of  83  healthy  adult
individuals:  41 males  and 42  females,  mean  ±  standard
deviation  age  of  32.5  ±  11.5  years,  body  mass  of
68.7  ±  12.0  kg,  height  of 1.7  ±  0.1  m,  and body  mass
index  of  23.7  ±  2.8  kg/m2. This  sample  size  was  estimated
considering  power  of  80%,  alpha  of  0.05,  and  r  value  of
0.3.24 This  group  of  participants  was  used  to  determine  the
association  between  HEX  and HER  torques  and  to  develop
the  prediction  equation.25 Two  other  groups  (validation
sets)  were  assessed  to  test  the  ability  of  the  prediction
equation  to  estimate  HER torque  in  a different  data  set.25

The  first  validation  group  (36  adults)  was  composed  of  20
males  and  16  females  with  mean  age  of  26.7  ±  8.4  years,
body  mass  of  67.2  ±  11.2  kg,  height  of 1.7  ± 0.1  m,  and  body
mass  index  of 23.7  ±  3.3  kg/m2.  Finally,  a  second  validation
group  consisted  of  15 older  adults  (6  males  and  9  females)
with  age of 68.3  ±  5.1  years,  body mass  of  68.5  ±  16.9  kg,
height  of  1.6 ±  0.1  m,  body  mass  index  of  26.6  ±  5.4  kg/m2,
and  score  on  the Mini  Mental  State  Examination  (MMSE)  of
28.2  ±  1.7.

The  inclusion  criteria  for  all  participants  were  no  history
of  pain,  injuries,  or  surgeries  of  the lower  limbs  and  trunk  in
the  past  six  months.  In addition,  an inclusion  criterion  spe-
cific  for  adults  was  age  between  15  and  55  years  old.  Finally,
specific  inclusion  criteria  for  older  adults  were  a  minimum
age  of  60  years,  a  minimum  MMSE  score  of  20  for people
considered  illiterate,  25  for  people  with  one  to  four  years  of
schooling,  26.5  for  those  with  five  to  eight  years  of  schooling,
28  for individuals  who  studied  from  nine  to  eleven  years,  and
29  for  those  with  more  than  eleven  years  of schooling.26 Par-
ticipants  were excluded  if  they  reported  discomfort  or  pain
during  data  collection  and  inability  to  perform  the  tests.  No
participants  were  excluded.  Data  from  all participants  were
used  in the  analyses.  All  participants  signed  a consent  form
approved  by  the  Ethical  Research  Committee  of Universi-
dade  Federal  de Minas  Gerais  (UFMG),  Belo  Horizonte,  MG,
Brazil  (number:  65118017.5.0000.5149).

Procedures

The  isometric  strength  of  the  HEX  and  HER  muscles  of
the  dominant  lower  limb  was  assessed  using  a handheld
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Figure  1  Assessment  of  isometric  strength  of  the  hip  extensors  (A)  and  hip  external  rotators  (B).  The  blue  arrows  show  the
directions of  the  forces  applied  by  the  individual  on  the  dynamometer.

dynamometer  (Microfet  2® Draper,  USA).  Lower  limb  domi-
nance  was  defined through  the following  question:  ‘‘Which
leg  would  you  use  to  kick  a  ball  as  hard as  possible?’’
Initially,  an  isometric  contraction  was  performed  for  famil-
iarization  followed  by  three  repetitions  of  five  seconds
with  30  second  interval  between  repetition.  In both  tests,
participants  were  told to  progressively  increase  the force
in  the  first  three  second,  followed  by  verbal  encourage-
ment  to  perform  a maximum  sustained  effort  until  the fifth
second.27 To  avoid  including  values  influenced  by  learning
or  fatigue,  measurements  with  variations  above  10%  were
repeated.28 The  order  of  the test  was  randomized.  A pilot
study  with  9  healthy  individuals  demonstrated  excellent
intra-examiner  reliability  for  the torque  measurements  of
HER  (intraclass  correlation  coefficient  (ICC3,3)  =  0.92  stan-
dard  error  of measurement  (SEM)  =  0.02  N  m/kg)  and  HEX
(ICC3,3 = 0.79;  SEM  =  0.06  N  m/kg).  The  intra-session  reliabil-
ity  was  calculated  considering  the  study  sample.  Excellent
intra-session  reliability  was  observed  with  ICC3,1 of 0.97  (95%
confidence  interval  (CI)  of  0.95,  0.98)  for  adults  and  0.98
(95%  CI  of  0.94,  0.99)  for  older  adults.

To  assess  HEX  strength,  the participant  was  positioned
in  prone  with  a  wedge  placed  under  the pelvic  region  to
maintain  mild  hip  flexion12 and knee  was  flexed  at 90◦.
The  dynamometer  was  positioned  with  a rigid  strap  near
the  popliteal  fossa.  Another  rigid  strap  was  used to  stabi-
lize  the  pelvis  on  the assessment  table.  The  participant  was
instructed  to ‘‘push  and move  your  lower  limb  toward  the
ceiling’’,  performing  hip  extension  (Fig.  1A).  HER  strength
was  measured  with  the  participant  in prone  with  the hip
at  0◦ flexion  to  ensure  greater  participation  of  the glu-
teus  maximus  in hip  external  rotation,17 with  the knee
flexed  at  90o,  and  pelvis  stabilized  by  a  rigid  strap.  The
dynamometer  was  positioned  by  a rigid  strap  5  cm  proximal
to  the  medial  malleolus.  The  participant  was  instructed  to
‘‘push  and  move  the leg  against the  instrument’’,  perform-
ing  hip  lateral  rotation  (Fig.  1B).  The  mean  of  three  valid
attempts  was  considered  for analyses.  To  obtain  the torque
values,  the  average  value  of  force  was  multiplied  by  the dis-
tance  between  the  dynamometer  position  and the greater
trochanter  of the femur  and  the result  was  normalized  by
the  individual  body  mass  (Nm/kg).

Statistical  analyses

Descriptive  statistics  were  performed,  and the assumptions
of  normality  and  homoscedasticity  of the  residuals  were
verified  by  means  of  Shapiro-Wilk  and Levene  tests,  respec-

tively.  The  prediction  equation  was  developed  using  simple
linear regression  with  data  from  the  first  group  of adult  indi-
viduals  (development  set).  To  improve  the  robustness  and
reduce  the  bias  of  the estimation  provided  by  the regres-
sion  coefficients,  the bootstrap  method  was  used.  The  CI
extended  from  the  2.5th  percentile  to  the 97.5th  percentile
of  the 10  000  bootstrapped  coefficients.  To  verify  the accu-
racy  of  the prediction  model,  the standard  error  of  estimate
(SEE)  was  computed  as  the square  root  of  the unpredictable
portion,  normalized  by  the  degrees  of  freedom,  of  the  vari-
ance  in a  set  of  observations;  that is:

SEE  =

√

(

y − ŷ
)2

n  −  1
(1)

where ŷ is  the  predicted  HER  torque  from  the  regression
line;  y is  the actual  HER  torque;  and n  is  the number  of
study  participants.

To  validate  the prediction  equation  two  validation  sam-
ples  were  selected  (adult  and  older  adult  groups).  We
used  Pearson  correlation  coefficient  and paired  t-test to
verify  correlation  and  difference  between  directly  mea-
sured  and the  predicted  HER  torque  values  in these  groups,
respectively.  The  correlation  coefficients  were  interpreted
as  follows:  small (0.10---0.29),  medium  (0.3---0.49),  and
large  (>0.5).29 In addition,  the  level  of  agreement  between
directly  measured  and  predicted  values  was  analyzed  by  the
Bland  and  Altman  method  for each  group.  The  probability  of
type  I  error was  established  at 0.05. All  the  analyses  were
performed  using  a software  package  (SPSS  Version  20 for
Macintosh).

Results

Descriptive  statistics  are presented  in Table  1  and the results
of  the  linear  regression  model  are  shown  in  Table 2.  HEX
torque  was  associated  with  HER  torque  (r  =  0.80;  p < 0.0001).
After  10  000  iterations  in  the  bootstrap  procedure,  the  equa-
tion  established  to predict  HER  torque was:

HERtorque = −0.02  +  (0.58  ∗  HEXtorque) (2)

The  equation  can  be interpreted  as  follows:  for  each unit
increase  in  HEXtorque, the HERtorque increases  by  0.58  units
(95%  CI:  0.49,  0.71).

Considering  the results  about  the ability  of  the  equation
to  estimate  HER  torque  in different  data  sets  (validations
group),  the paired  t-test  showed  no  difference  between
directly  measured  and  predicted  HER  torque  in adults  (mean
difference  = 0.02;  95% CI  =  −0.115,  0.072)  and in older  adults
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Table  1  Hip  musculature  torque  values.

Development  group  (n  =  83) Adults  (validation)  (n  =  36)  Older  adults  (validation)  (n  = 15)

HEX  torque 1.52  ± 0.76  (1.36,  1.69) 1.22  ±  0.50  (1.03,  1.42)  0.64  ±  0.31  (0.48,  0.79)
HER torque  0.87  ± 0.55  (0.75,  0.99)  0.67  ±  0.42  (0.53,  0.81)  0.39  ±  0.13  (0.35,  0.62)
Predicted HER  torque  ---  0.69  ±  0.34  (0.57,  0.80)  0.34  ±  0.18  (0.24,  0.42)

Data are mean ± standard deviation (95% confidence interval) in N  m/kg of body weight. HEX, hip extensors; HER, hip external rotators.

Table  2  HER  torque  prediction  equation  based  on  HEX  torque.

R  R2 SEE F-ratio  p-value

0.80  0.64 0.33 142.47  <0.0001

b  SE  p-value  95%  CI

Constant  −0.02  0.07  0.77  −0.19,  0.11
HEX torque  0.58  0.06  0.001  0.49,  0.71

r, correlation; R2,  coefficient of  determination; SEE, standard error of the estimate; b, bootstrap unstandardized coefficients; SE,
standard error of the coefficient; 95%  CI, 95% bootstrap confidence interval; HEX, hip extensors; HER, hip external rotators.

Figure  2  Bland---Altman  plot  with  the  mean  difference
between  the  measured  and  predicted  hip  external  rotators
(HER) torque  values  and  the  limits  of  agreement  for  adults.

(mean  difference  = 0.05;  95% CI  = −0.02, 0.12).  The  Pear-
son  correlation  coefficient  demonstrated  high  correlation
between  the direct  and  predicted  values  of HER  torques
in adults  (r = 0.76;  p < 0.0001)  and older  adults  (r = 0.70;
p = 0.003).  The  Bland---Altman  plots  (Figs.  2  and 3)  show
the  agreement  between  measured  and  predicted  values  for
adults  and  older  adults,  with  a non-significant  bias  of  0.015
and  −0.012,  respectively.  All  observations  were  within  the
limits  of  agreement  defined  by x̄residual ±  1.96  ∗  sdresidual.

Discussion

The  current  study  was  conducted  with  healthy  individuals,
who  were  separated  into  three  groups. The  first  group com-
posed  of  adult  individuals  (development  set), was  used to
develop  a  prediction  equation  to  estimate  the HER  torque
from  a  clinical  measure  of  HEX torque.  The  second  and  third
groups  (validation  groups)  were  used to  test  the ability  of

Figure  3 Bland---Altman  plot  with  the  mean  difference
between  the  measured  and  predicted  hip  external  rotators
(HER) torque  values  and  the  limits  of  agreement  for  older
adults.

the  prediction  equation  to  estimate  the HER torque  in  adults
and  older  adults.

The  regression  analysis  showed  a strong  correlation
between  HEX  and  HER  torques  (r  =  0.80,  p < 0.0001).  The
results  demonstrated  that  63.8%  of  the  total  HER  torque
variance  was  explained  by the HEX torque.  As  predicted
in the  present  study,  this association  was  expected  due
to  lever  arm  and  fibers  obliquity  of  the  gluteus  maximus.
Although  hip  extension  and  external  rotation  movements
involve  other  muscles,  such as  hamstrings  and  piriformis
muscles,  the high  explained  variance  (R2) demonstrated  the
important  role  of  gluteus  maximus  for  these  movements.2

Therefore,  the strong  association  observed  allowed  the
proposition  of  an  equation  to  estimate  HER  torque.  In  reha-
bilitation  and  sports  literature,  prediction  equations  have
been  used  to  estimate  grip  strength,30,31 one repetition  max-
imum  during  deadlift,32 or  bench  press.33 To  the  best of  our
knowledge,  this is  the first  study  that  proposed  a predictive
equation  to estimate  hip strength.
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The  high  value  of  the  coefficient  of  determination  (R2)
and  the  low  error  variance  in  relation  to  the fitted  line
demonstrated  by  the small  SEE  (0.33  N m)  reveal  how  well
the  HEX  torque  predicts  HER  torque  in the development  set
sample.  The  predictive  ability  was  tested  using  two  other
data  sets.  Specifically,  the  prediction  equation  was  used  to
calculate  the  HER  torque  in two  different  groups  (adults  and
older  adults).  The  results  demonstrated  that  in the cross-
validation  samples,  the  directly  measured  and predicted
values  of  HER  torque  were not  different  in  adults  and  older
adults.  A  reduction  is expected  in the predictive  ability  of
an  equation  derived  from  one data  set  when applied  to  dif-
ferent  data  sets.34 However,  our  results  indicate  that  the
predictive  ability  of the equation  remained  high  when  tested
in  different  samples.  Thus,  these results  demonstrate  the
validity and  accuracy  of  the prediction  equation  to  estimate
HER  torque  by measuring  the HEX  torque  in healthy  adults
and  older  adults.

The  use of  bootstrap  resampling  with  the objective  of
reducing  the  bias  of  estimation  and  the  use  of  validation
in  two  different  data  sets are  some  of  the strengths  of  this
study.  One  validation  group  was  composed  of healthy  physi-
cally  active  adults,  and  the other,  composed  of  older  adults.
These  procedures  increased  the  robustness  and  external
validity  of  the predictive  equation.35 Although  the predic-
tion  equation  can  be  used  for young  and  older  adults,  a
possible  limitation  of  the  present  study  was  the assessment
of  healthy  individuals  only. In  this  sense,  the  use  of  the equa-
tion  in  individuals  with  health  conditions,  such  as  hip  pain  or
neurological  disorders,  need  be  performed  with  caution.  The
prediction  equation  was  not  validated  for  individuals  with
health  conditions.  However,  as  hip strength  test  with  hand-
held  dynamometer  can  be  used  for  individuals  with  chronic
knee  pain36 and  neurological  conditions37 it  suggests  that
the  prediction  equation  obtained  may  be used  for  this  pop-
ulation.  The large  sample  size  assessed  in the  present  study
(119  healthy  adults)  and  the fact that  the observed  torque
values  are  similar  to  those  reported  in the literature38 indi-
cate  that  the  absolute  maximum  torque  values  for  extending
and  externally  rotating  the hip  joint  obtained  can  be used
for  future  comparisons  in clinical  and research  settings.

Conducting  the estimation  and  validation  of  predic-
tion  equation  provide  important  information  for  research
and  clinical  practice.  Specifically,  determining  muscular
strength  using  predictive  equation  has  applications  for
assessing  rehabilitation  or  training  success  and return  to
sport  or  to  work,  among  other  objectives.30 The  use  of  a
prediction  equation  to estimate  HER  torque can  reduce  the
number  of  tests  performed  during  the  physical  exam  and
consequently  reduce  physical  demand  on  the  patient/client
and the  time  spent  during  evaluation  or  preseason  screen-
ing.  Future  studies  should evaluate  the responsiveness  of
the  equation  to  capture  changes  in HER  torque  resulting
from  strength  training  and  if training  hip  extension  results
in  concomitant  increase  in hip  external  rotation  strength.

Conclusion

The  results  of  the present  study  demonstrated  a strong  asso-
ciation  between  HEX  and  HER  torques.  A prediction  equation
was  accurate  and valid  to estimate  HER  torque  in adults

and  older adults,  using  only the  direct  torque  measurement
of the HEX.  This  equation  will  allow  estimating  HER torque
without  the need  of direct  measurement  performed  with  a
handheld  dynamometer.

Conflicts of interest

The  authors  declare  no  conflicts  of  interest.

Acknowledgements

This  study  was  financed  in part  by  the Coordenação de
Aperfeiçoamento  de  Pessoal  de Nível  Superior  (Finance  Code
001)  and  Conselho  Nacional  de Desenvolvimento  Científico
e  Tecnológico  (403118/2016-6).  We  are  also thankful  to  the
State  of  Minas Gerais  Funding  Agency  (FAPEMIG)  and  to  the
Brazilian  Funding  Agency  CNPq.

References

1. Bittencourt NFN, Ocarino JM, Mendonça LD, Hewett TE, Fon-
seca ST. Foot and hip contributions to high frontal plane knee
projection angle in athletes: a classification and regression
tree approach. J Orthop Sports Phys Ther.  2012;42:996---1004,
http://dx.doi.org/10.2519/jospt.2012.4041.

2. Neumann DA. Kinesiology of  the hip: a focus on muscu-
lar actions. J  Orthop Sports Phys Ther. 2010;40:82---94,
http://dx.doi.org/10.2519/jospt.2010.3025.

3. Frasson VB, Vaz MA, Morales AB, et  al. Hip muscle weakness
and reduced joint range of motion in patients with femoroac-
etabular impingement syndrome: a case-control study. Braz J

Phys Ther. 2020;24:39---45.
4. Khayambashi K,  Ghoddosi N, Straub RK, Powers CM. Hip muscle

strength predicts noncontact anterior cruciate ligament injury
in male and female athletes: a prospective study. Am J Sports

Med. 2016;44:355---361.
5. Mendonça LD, Ocarino JM, Bittencourt NFN, Macedo LG,  Fon-

seca ST. Association of  hip and foot factors with patellar
tendinopathy (jumper’s knee) in athletes. J  Orthop Sports Phys

Ther. 2018;48:676---684.
6. Ambegaonkar JP,  Mettinger LM, Caswell SV, Burtt A,

Cortes N. Relationships between core endurance, hip
strength, and balance in collegiate female athletes. Int

J  Sports Phys Ther. 2014;9:1---13, http://dx.doi.org/10.
1249/01.MSS. 0000128145.75199.C3.

7. Willson JD, Ireland ML, Davis I.  Core strenght and lower
extremity alignment during single leg  squats. Med Sci

Sports Exerc. 2006;38:945---952, http://dx.doi.org/10.
1249/01.mss.0000218140.05074.fa.

8. Hourigan SR, Nitz JC, Brauer SG, O’Neill S, Wong J, Richardson
CA. Positive effects of exercise on falls and fracture risk in
osteopenic women. Osteoporos Int. 2008;19:1077---1086.

9. Dix J, Marsh S, Dingenen B, Malliaras P. The relation-
ship between hip muscle strength and dynamic knee
valgus in asymptomatic females: a systematic review.
Phys Ther Sport. 2019;37:197---209, http://dx.doi.org/10.
1016/j.ptsp.2018.05.015.

10. Lawrence RK, Kernozek TW,  Miller EJ, Torry MR, Reute-
man P. Influences of hip external rotation strength on
knee mechanics during single-leg drop landings in females.
Clin Biomech. 2008;23:806---813, http://dx.doi.org/10.
1016/j.clinbiomech.2008.02.009.

11. Malloy PJ, Morgan AM, Meinerz CM,  Geiser CFKK. Hip external
rotator strength is associated with better dynamic control of

419

dx.doi.org/10.2519/jospt.2012.4041
dx.doi.org/10.2519/jospt.2010.3025
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0205
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0210
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0215
dx.doi.org/10.1249/01.MSS. 0000128145.75199.C3
dx.doi.org/10.1249/01.MSS. 0000128145.75199.C3
dx.doi.org/10.1249/01.mss.0000218140.05074.fa
dx.doi.org/10.1249/01.mss.0000218140.05074.fa
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0230
dx.doi.org/10.1016/j.ptsp.2018.05.015
dx.doi.org/10.1016/j.ptsp.2018.05.015
dx.doi.org/10.1016/j.clinbiomech.2008.02.009
dx.doi.org/10.1016/j.clinbiomech.2008.02.009
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245


S.C. Martins  et  al.

the lower extremity during landing tasks. J  Strength Cond Res.
2016;30:282---291.

12. Silva RS, Ferreira ALG, Nakagawa TH, Santos JEM, Ser-
rão FV. Rehabilitation of  patellar tendinopathy using
hip extensor strengthening and landing-strategy modi-
fication: case report with 6-month follow-up. J  Orthop

Sports Phys Ther. 2015;45:899---909, http://dx.doi.org/
10.2519/jospt.2015.6242.

13. Powers CM. The influence of altered lower-extremity kine-
matics on  patellofemoral joint dysfunction: a theoretical
perspective. J Orthop Sports Phys Ther. 2003;33:639---646,
http://dx.doi.org/10.2519/jospt.2003.33.11.639.

14. Prins MR, van der Wurff P. Females with patellofemoral
pain syndrome have weak hip muscles: a systematic
review. Aust J Physiother. 2009;55:9---15, http://dx.doi.org/
10.1016/S0004-9514(09)70055-8.

15. Hinman RS, Hunt MA, Creaby MW, Wrigley TV, Mcmanus FJ, Ben-
nell KL. Hip muscle weakness in individuals with medial knee
osteoarthritis. Arthritis Care Res.  2010;62:1190---1193.

16. Morcelli MH, Crozaraa LF, Rossia DM, et  al. Hip muscles strength
and activation in  older fallers and non-fallers. Isokinet Exerc

Sci. 2014;22:191---196.
17. Delp SL, Hess WE, Hungerford DS, Jones LC. Variation

of rotation moment arms with hip flexion. J Biomech.
1999;32:493---501.

18. American Physical Therapy Association. Guide to physical ther-
apy practice. J Am  Phys Ther Assoc. 2001;81:9---746.

19. Jackson SM, Cheng MS, Smith AR, Kolber MJ. Intrarater relia-
bility of hand held dynamometry in measuring lower extremity
isometric strength using a portable stabilization device. Mus-

culoskelet Sci Pract. 2017;27:137---141.
20. Scott DA, Bond EQ, Sisto SA, Nadler SF. The intra- and

interrater reliability of  hip muscle strength assessments
using a handheld versus a portable dynamometer anchor-
ing station. Arch Phys Med Rehabil. 2004;85:598---603,
http://dx.doi.org/10.1016/j.apmr.2003.07.013.

21. Garcia Manso JM, Valverde T, Arrones L, Navarro-Valdivielso
M,  Martin Dantas EH, Da Silva-Grigoletto ME. Effects of intra-
set rest on the ability to repeat work at maximal isometric
strength. J  Sport Med Phys Fit.  2016;56:214---222.

22. Kim PS, Mayhew JL, Peterson DF. A modified YMCA bench
press test as a predictor of  1 repetition maximum bench
press strength. J Strength Cond Res.  2002;16:440---445,
http://dx.doi.org/10.1519/1533-4287(2002)016<0440:AMYBPT
>2.0.CO;2.

23. Whisenant MJ, Panton LB, East WB, Broeder CE. Validation of
submaximal prediction equations for the 1  repetition maximum
bench press test on a group of  collegiate football players. J

Strength Cond Res. 2003;17:221---227.
24. Beck TW. The importance of a priori sample size  esti-

mation in strength and conditioning research. J  Strength

Cond Res.  2013;27:2323---2337, http://dx.doi.org/10.
1519/JSC.0b013e318278eea0.

25. Hastie T,  Tibshirani R, Friedman JH. The Elements of  Statistical

Learning: Data Mining, Inference, and Prediction.  2nd ed. New
York: Springer; 2009.

26. Brucki SMD, Nitrini R, Caramelli P, Bertolucci PHF, Okamoto IH.
Suggestions for utilization of the mini-mental state examina-
tion in Brazil. Arq Neuropsiquiatr.  2003;61(3B):777---781.

27. Koblbauer IFH, Lambrecht Y, Van Der Hulst ML, Neeter
C, Engelbert RHH, Poolman RW, et al. Reliability of
maximal isometric knee strength testing with modified
hand-held dynamometry in patients awaiting total knee arthro-
plasty: useful in research and individual patient settings?
A reliability study. BMC Musculoskelet Disord.  2011;12:249,
http://dx.doi.org/10.1186/1471-2474-12-249.

28. de Araujo Ribeiro Alvares JB,  Rodrigues R,  de Azevedo Franke
R,  et  al. Inter-machine reliability of  the Biodex and Cybex isoki-
netic dynamometers for knee flexor/extensor isometric, con-
centric and eccentric tests. Phys Ther Sport. 2015;16:59---65,
http://dx.doi.org/10.1016/j.ptsp.2014.04.004.

29.  Cohen J. Statistical Power Analysis for the Behavioral Sci-

ences. 2nd ed. New York: Lawrence Erlbaum Associates; 1988,
http://dx.doi.org/10.1016/0198-9715(90)90050-4.

30. Hogrel JY. Grip strength measured by high precision
dynamometry in healthy subjects from 5 to 80 years.
BMC Musculoskelet Disord. 2015;16:139, http://dx.doi.org/
10.1186/s12891-015-0612-4.

31. Li K, Hewson DJ, Duchêne J,  Hogrel JY. Predict-
ing maximal grip strength using hand circumference.
Man Ther.  2010;1:579---585, http://dx.doi.org/10.
1016/j.math.2010.06.010.

32. Jukic I, García-Ramos A, Malecek J,  Omcirk D,  Tufano
JJ. Validity of load---velocity relationship to predict 1
repetition maximum during deadlifts performed with and
without lifting straps: the accuracy of  six  prediction
models. J  Strength Cond Res. 2020, http://dx.doi.org/10.
1519/JSC.0000000000003596.

33.  Mayhew JL, Johnson BD,  Lamonte MJ, Lauber D, Kemmler
W.  Accuracy of prediction equations for determining one
repetition maximum bench press in women before and after
resistance training. J  Strength Cond Res.  2008;22:1570---1577,
http://dx.doi.org/10.1519/JSC.0b013e31817b02ad. PMID:
18714230.

34. Ivanescu AE, Li P, George B, et al. The importance
of prediction model validation and assessment in obe-
sity and nutrition research. Int  J  Obes. 2016;40:887---894,
http://dx.doi.org/10.1038/ijo.2015.214.

35.  Kuhn M,  Johnson K. Applied Predictive Modeling.  1st ed. New
York, NY: Springer; 2013.

36. Harris-Hayes M,  Mueller MJ, Sahrmann SA, et al. Persons
with chronic hip joint pain exhibit reduced hip muscle
strength. J  Orthop Sports Phys Ther. 2014;44(11):890---898,
http://dx.doi.org/10.2519/jospt.2014.5268.

37.  Mentiplay BF, Williams G, Tan D, et al. Gait velocity and
joint power generation after stroke: contribution of  strength
and balance. J  Phys Med Rehabil.  2019;98(10):841---849,
http://dx.doi.org/10.1097/PHM.0000000000001122.

38. de Ridder R,  Witvrouw E, Dolphens M, Roosen P, Van
Ginckel A. Hip strength as an intrinsic risk factor for
lateral ankle sprains in youth soccer players: a 3-season
prospective study. Am  J Sports Med. 2017;45(2):410---416,
http://dx.doi.org/10.1177/0363546516672650.

420

http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0245
dx.doi.org/10.2519/jospt.2015.6242
dx.doi.org/10.2519/jospt.2015.6242
dx.doi.org/10.2519/jospt.2003.33.11.639
dx.doi.org/10.1016/S0004-9514(09)70055-8
dx.doi.org/10.1016/S0004-9514(09)70055-8
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0265
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0270
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0275
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0280
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0285
dx.doi.org/10.1016/j.apmr.2003.07.013
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0295
dx.doi.org/10.1519/1533-4287(2002)016<0440:AMYBPT>2.0.CO;2
dx.doi.org/10.1519/1533-4287(2002)016<0440:AMYBPT>2.0.CO;2
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0305
dx.doi.org/10.1519/JSC.0b013e318278eea0
dx.doi.org/10.1519/JSC.0b013e318278eea0
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0315
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0320
dx.doi.org/10.1186/1471-2474-12-249
dx.doi.org/10.1016/j.ptsp.2014.04.004
dx.doi.org/10.1016/0198-9715(90)90050-4
dx.doi.org/10.1186/s12891-015-0612-4
dx.doi.org/10.1186/s12891-015-0612-4
dx.doi.org/10.1016/j.math.2010.06.010
dx.doi.org/10.1016/j.math.2010.06.010
dx.doi.org/10.1519/JSC.0000000000003596
dx.doi.org/10.1519/JSC.0000000000003596
dx.doi.org/10.1519/JSC.0b013e31817b02ad
dx.doi.org/10.1038/ijo.2015.214
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
http://refhub.elsevier.com/S1413-3555(19)31009-3/sbref0365
dx.doi.org/10.2519/jospt.2014.5268
dx.doi.org/10.1097/PHM.0000000000001122
dx.doi.org/10.1177/0363546516672650

	Prediction equation of hip external rotators maximum torque in healthy adults and older adults using the measure of hip ex...
	Introduction
	Methods
	Participants
	Procedures
	Statistical analyses

	Results
	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgements
	References


