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Abstract
Background:  Falls  in  Parkinson  Disease  (PD)  are  a  complex  health  problem,  with  multidimen-
sional causes  and  consequences.
Objectives:  To  identify  the  fall  predictors  in  individuals  with  PD  and  compare  fallers  and  non-
fallers considering  their  socio-demographic,  anthropometric,  clinical  and  functional  status.
Methods: A  multicenter  cross-sectional  design  was  employed.  Variables  included:  age,  sex,
body mass  index,  PD  progression,  levodopa  dosage,  activities  limitation  and  motor  impairments
(UPDRS  ADL/Motor),  level  of  physical  activity  (human  activity  profile  ---  HAP),  fear  of  falls  (Falls
Efficacy Scale-International-FES-I),  freezing  of  gait  (Freezing  of  Gait  Questionnaire  ---  FOG-Q),
gait speed  (10  meters  walk  test  ---  10-MWT),  lower  limb  functional  strength  (Five  Times  Sit-to-
Stand Test  ---  FTSST),  balance  (Mini-BESTest),  mobility  (Timed  ‘‘Up  &  Go’’  ---  TUG)  and  dual-task
dynamic (TUG-DT).  Seventeen  potential  predictors  were  identified.  Logistic  regression  and  ROC
curve were  applied.
Results:  Three-hundred  and  seventy  individuals  (44.87%  fallers  and  55.13%  non-fallers)  com-
pleted the  study.  Fallers  presented  worse  performance  in  UPDRS  motor/ADL/Total,  FES-I,
FOG-Q, Mini-BESTest,  HAP,  TUG  and  TUG-DT  and  the  majority  were  inactive.  The  Mini-BESTest
Total was  the  main  independent  predictor  of  falls  (OR  =  0.92;  p  <  0.001;  95%  CI  =  0.89,  0.95).  For
each one-unit  increase  in  the  Mini-BESTest,  there  was  an  average  reduction  of  8%  in  the  proba-
bility of  being  a  faller.  A  cut-off  point  of  21.5/28  (AUC  =  0.669,  sensitivity  70.7%  and  specificity
55.1%) was  determined.
Conclusion:  Besides  characterizing  and  comparing  fallers  and  non-fallers,  this  study  showed
that the  Mini-BESTest  was  the  strongest  individual  predictor  of  falls  in  individuals  with  PD,
highlighting  the  importance  of  evaluating  dynamic  balance  ability  during  fall  risk  assessment.
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alls  in  Parkinson  disease  (PD)  are  a  complex  health  prob-
em,  with  multidimensional  causes  and  consequences  and
ates  ranging  from  35  to  90%  for  the  occurrence  of  at  least
ne  fall,1 and  from  18  to  65%  for  the  occurrence  of  two
r  more  falls.2 The  direct  consequences  of  falls  such  as
ractures,  head  trauma,  bruises  and  other  injuries,  increase
he  chances  of  hospitalization  and  institutionalization  for
atients  with  PD.3 The  indirect  consequences  include  lim-
tations  in  activities  of  daily  living,  fear  of  further  falls,
doption  of  a  sedentary  lifestyle,  and  poor  quality  of  life.4

Many  studies1,5---10 have  already  identified  a  large  num-
er  of  factors  associated  with  increased  risk  of  falls  in
D  that  are  specific  to  the  disease  or  factors  that  overlap
ith  those  already  defined  for  older  adults.  These  fac-

ors  include  disease  progression,5 severity  of  symptoms,6,7

reezing,11 levodopa  dosage,9 severe  motor  impairment,7

otor  fluctuations,9,11 loss  of  oscillation  of  upper  limbs,1

nd  dyskinesia.6 The  non-specific  factors  included  history  of
alls,1,10 fear  of  falling,10 cognitive  deficit,6 balance  deficit,7

educed  mobility,6 lower  limb  muscle  weakness,1 urinary
ncontinence5 and  advanced  age.6

In  Brazil,  the  estimated  prevalence  of  PD  is  3300  per
00000  individuals  over  64  years  of  age,  similar  to  those
bserved  in  American  (US),  European,  and  some  Eastern
ommunity-based  surveys.12 In  addition,  an  exponential
lobal  increase  in  PD  cases  is  expected  in  the  coming
ecades.13 Therefore,  the  incidence  of  PD-related  falls  can
e  expected  to  have  even  greater  impact  on  health  systems
round  the  world.

Considering  the  high  incidence  of  falls  in  a  population
hat  tends  to  live  longer,14 it  is  important  to  determine
he  factors  that  are  associated  or  could  predict  falls,  espe-
ially  when  prevention  may  be  possible,  avoiding  morbidity
nd  mortality.  Therefore,  the  objectives  of  the  present
tudy  were:  (a)  to  identify  the  main  predictors  of  falls
n  individuals  with  PD;  (b)  to  characterize  and  compare
D  fallers  and  non-fallers  according  to  their  sociodemo-
raphic,  anthropometric,  clinical  and  functional  variables,
hus  providing  a  better  understanding  of  the  population
haracteristics.  It  was  hypothesized  that  variables  related
o  mobility  and  postural  control  that  incorporates  dynamic
asks  would  demonstrate  greater  predictive  ability.

ethods

tudy  design  and  participants

he  data  used  in  this  study  were  part  of  the  Rede
arkinson  Brasil  (REPARK-BR)15 which  was  a  cross-sectional
ulticenter  study  composed  of  a  network  of  researchers
edicated  to  identify  and  describe  the  physical  and  func-
ional  profile  of  Brazilian  individuals  with  PD.  This  study
as  approved  by  the  Ethics  and  Research  Committee  of

he  institutions  involved:  Universidade  Federal  de  Minas
erais  (CAAE:  15050713.6.1001.5149);  Universidade  de  São

aulo  (CAAE:  15050713.6.2004.0065);  Universidade  Fed-
ral  do  Rio  de  Janeiro  (CAAE:  15050713.6.2001.5257);
niversidade  de  Brasília  (CAAE:  15050713.6.2005.0030);
niversidade  Federal  do  Rio  Grande  do  Norte  (CAAE:
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5050713.6.2003.5537);  Universidade  Federal  do  Ceará
CAAE:  32195014.5.0000.5054);  Universidade  Federal  do
araná  (CAAE:  15050713.6.2002.0102).  Participants  were
ecruited  through  convenience  in  public  and  private  out-
atient  clinics,  community  and  PD  support  associations
etween  2014  and  2016.15 Individuals  (1)  with  idiopathic  PD,
iagnosed  by  neurologists  specialized  in  movement  disor-
ers,  according  to  UK  Brain  Bank  criteria16;  (2)  classified  on
he  basis  ofthe  Hoehn  and  Yahr  (HY)  disabilities  stages  1---517;
3)  using  antiparkinsonian  medication,  and  (4)  medically  sta-
le  with  no  significant  changes  over  the  last  3  months  were
ncluded.  Those  who  had  other  types  of  Parkinsonism  or
ther  associated  neurological  diseases  were  excluded.  All
articipants  were  informed  about  the  research  objectives,
igned  a  free  and  informed  consent  form  and  a  code  was
ssigned  to  each  of  them.  All  participants  were  tested  by
rained  examiners,  during  the  ‘‘on’’  phase,  within  2  h  of  the
ast  dose  of  the  antiparkinsonian  medication.  The  examiners
ere  researchers  and  undergraduate  or  graduate  students
f  the  universities  involved  in  the  study.  All  examiners  were
rained  by  the  main  coordinator  for  three  days,  and  each
f  them  received  a manual  with  the  instructions  on  how  to
ollect  the  data.

easurements

haracteristics  of  the  participants
nitially,  demographic  and  clinical  data  such  as  age,  sex,
uration  of  disease,  number  of  drugs  used,  levodopa  dosage,
ody  mass  index  (BMI),  associated  diseases,  surgeries
elated  to  PD,  if  currently  in  physical  therapy  treatment,
se  of  walking  aids  and  presence  of  a  visual  deficit  were
ollected.

all  survey
istory  of  falls  was  investigated  by  asking  the  participant
o  report  the  number  of  falls  in  the  last  12  months.  A  fall
efinition  was  provided:  ‘‘unexpected,  unintentional  shift-
ng  of  position,  which  causes  the  individual  to  remain  at  a
ower  level,  for  example,  on  the  furniture  or  floor,  not  resul-
ing  from  a  violent  blow,  loss  of  consciousness,  epilepsy  or
udden  onset  of  paralysis  as  in  a  stroke’’.18 The  participants
ere  divided  in  two  groups,  one  with  individuals  who  had
ne  or  no  falls  (≤1  fall),  and  the  other  with  recurrent  fall-
rs  (≥2  falls).  Groups  were  divided  based  on  evidence  that
upported  similarities  among  single  fallers  and  non-fallers.19

linical  measures  and  questionnaires
he  Unified  Parkinson  Disease  Rating  Scale  (UPDRS)  was  used
o  measure  activities  of  daily  living  activities  (ADL,  Part  II)
nd  motor  skills  (Part  III).  The  total  score  (sum  of  the  scores
f  UPDRS  ---  ADL  and  Motor)  was  also  used  to  characterize
he  sample.  The  UPDRS20 was  used  instead  of  the  Movement
isorder  Society  ---  UPDRS  (MDS-UPDRS)  with  the  objective  to
tandardize  data  collection  in  all  centers,  since  this  version
as  the  one  most  used  by  the  professionals  involved  in  the
urrent  study.  The  use  of  the  MDS-UPDRS  required  specific

raining  that  would  be  impracticable  for  the  execution  of
he  study.

The  general  level  of  physical  activity  was  measured
sing  the  Human  Activity  Profile  (HAP).  Two  scores  were
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The  Mini-BESTest  is  an  independent  predictor  of  falls  in  PD  

calculated:  the  maximum  activity  score  (MAS)  and  the
adjusted  activity  score  (AAS).  The  MAS  was  the  highest  item
number  that  the  individual  was  still  doing.  The  AAS  was  cal-
culated  by  counting  how  many  activities  with  lower  values
than  the  MAS  the  individual  had  stopped  doing  and  sub-
tracting  the  AAS  score  from  the  MAS  score.  Individuals  were
classified  as  inactive  (<53),  moderately  active  (53---74)  or
active  (>74).21

Fear  of  falls  was  measured  using  the  Falls  Efficacy  Scale-
International  (FES-I)22;  the  subjective  perception  of  the
severity  and  impact  of  freezing  on  gait  performance  with  the
Freezing  of  Gait  Questionnaire  (FOG-Q)23;  and  the  usual  gait
speed  with  the  10  meters  walk  test  (10-MWT)24.  In  addition,
the  Five  Times  Sit-to-Stand  Test  (FTSST)25;  the  time  spent
on  the  Timed  ‘‘Up  &  Go’’  Test  (TUG)26 and  the  Timed  ‘‘Up
&  Go’’  Dual  Task  (TUG-DT)  were  also  implemented.  In  the
TUG-DT,  the  participants  were  asked  to  complete  the  motor
task  while  counting  backward  (continuously  subtracting  3)
from  100  to  90.

The  Mini-BESTest27 was  used  to  measure  balance  perfor-
mance.  This  test  has  14  items  divided  into  four  domains:
(i)  anticipatory  postural  adjustments,  (ii)  reactive  postu-
ral  control,  (iii)  sensory  orientation,  and  (iv)  dynamic  gait.
The  Mini-BESTest  examined  performance  tasks  related  to
dynamic  balance  and  demonstrated  good  reliability,  con-
struct  validity,  stability  of  responses  and  discrimination
capacity  between  different  levels  of  balance  ability  in  indi-
viduals  with  PD.28 The  total  score  and  the  score  on  each
domain  were  analyzed  separately.

Statistical  analysis

Descriptive  statistics,  tests  for  normality  (Shapiro---Wilk),
and  equality  of  variances  (Levene)  were  calculated  for
all  outcomes.  Clinical  and  demographic  characteristics  of
the  participants  were  described  using  measures  of  central
tendency  and  dispersion.  For  comparisons  between  groups,
the  Mann---Whitney  U  test  for  independent  samples  was
used.  The  Pearson  chi-square  test  and  proportions  tests
for  the  categorical  variables  were  used  when  appropriate.
For  the  construction  of  the  logistic  model,  the  association
of  the  dependent  variable  ‘‘falls’’  (0  =  non-fallers  and
1  =  fallers)  with  the  independent  variables:  age,  sex,  BMI,
PD  progression,  levodopa  dosage,  activities  limitation  and
motor  impairments  (UPDRS  ADL/Motor/Total),  level  of
physical  activity  (HAP-AAS),  fear  of  falls  (FES-I),  freezing  of
gait  (FOG-Q),  gait  speed  (10-MWT),  lower  limb  functional
strength  (FTSST),  balance  (Mini-BESTest  total  and  the
domains),  mobility  (TUG)  and  dual-task  dynamic  (TUG-DT)
were  analyzed.  Correlation  analysis  was  used  as  the  initial
step  necessary  to  determine  which  variables  would  be
included  in  the  regression  analysis.  Those  variables  that
showed  ˛  =  10%  in  the  bivariate  analysis  were  included  in
the  model.  Multiple  logistic  regressions  based  on  forward
stepwise  method  (likelihood  ratio)  were  used.  After  adjust-
ments,  the  statistically  significant  variable  for  predicting
falls  remained  in  the  model.  The  fit  of  the  final  logistic  model

was  performed  using  the  Hosmer---Lemeshow  test  and  the
residual  analysis.  The  strength  of  association  of  the  indepen-
dent  variable  with  the  dependent  variable  was  expressed
in  odds  ratios  (OR)  with  a  confidence  interval  of  95%.  To
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Figure  1  Flow  diagram  of  the  study.

etermine  the  cut-off  point  of  the  Mini-BESTest  to  differen-
iate  PD  ‘‘fallers’’  from  ‘‘non-fallers’’,  the  ROC  curve  was
pplied  and  the  area  under  the  curve  (AUC)  calculated,  as
ell  as  the  95%  CI.  Youden’s  index  was  used  to  establish  the
est  cutoff  point,  but  also  to  determine  the  best  sensitivity
nd  specificity  values.  The  SPSS  19.0  software  was  used  for
ata  analysis  with  a  significance  level  ˛  =  0.05.

esults

hree-hundred  and  seventy  individuals  from  seven  Brazilian
tates  completed  all  measurements,  and,  therefore,  were
ncluded  in  the  present  analysis.  Of  these,  166  (44.87%)  were
lassified  as  fallers  and  204  (55.13%)  as  non-fallers  (Fig.  1).
he  characteristics  of  the  participants  are  summarized  in
able  1.

omparison  between  fallers  and  non-fallers

here  was  no  difference  between  groups  regarding  the  pro-
ortion  of  patients  in  the  five  stages  of  the  HY  (Table  1).  Most
articipants  in  both  groups  were  in  the  mild  to  moderate
tages  of  the  disease.  Fallers  showed  lower  motor  func-
ion  and  ADL  scores  (UPDRS  ADL/Motor/Total),  more  fear
f  falling,  lower  mean  HAP-AAS,  worse  performance  in  the
OG-Q,  Mini-BESTest,  TUG  and  TUG-DT.

Forty-four  percent  of  the  fallers  were  inactive,  41.6%
oderately  active,  and  only  14.5%  were  active.  The  non-

allers  were  mostly  moderately  active  (43.8%),  26.6%  were
ctive  and  29.4%  inactive.  The  majority  of  the  participants
88.4%)  walked  without  walking  aids.  Among  the  fallers,  7.8%

sed  a  cane,  4.8%  wheelchair,  2.4%  walkers,  0.6%  crutches
nd  1.8%  other  devices.  Among  the  non-fallers,  6.4%  used  a
ane  and  0.5%  wheelchairs.
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Table  1  Demographic  and  clinical  characteristics  of  the  PD  fallers  and  non-fallers.

Characteristics  All  patients  (n  =  370)  Non-fallers  (n  =  204)  Fallers  (n  =  166)  p

Age  (yr),  mean  (SD)  65.8  ±  11  65.2  ±  11  66.5  ±  11.1  0.179
Sex, number  of  males  (%)  232  (63)  137  (67)  95  (57)  0.050
BMI (kg/m2)  25.9  ±  3.9  26  ±  3.8  25.9  ±  4.1  0.131
HY =  I,  n  (%)  45  (12.2)  29a (14.3)  16a (9.6)
HY =  II,  n  (%)  141  (38.2)  87a (42.9)  54a (32.5)
HY =  III,  n  (%)  136  (36.9)  73a,b(36.0)  63a,b(38.0)
HY =  IV,  n  (%)  41  (11.1)  13c (6.4)  28c (16.9)
HY =  V,  n  (%)  6  (1.6)  1b,c(0.5)  5b,c (3.0)
UPDRS ADL  (0---52) 15.4  ±  8 13.5  ±  6.6 17.7  ±  9 <0.001
UPDRS MOTOR  (0---108) 28.3  ±  16.1 24.8  ±  14.7 32.5  ±  16.7 <0.001
UPDRS total 43.8  ±  22.3 38.3  ±  19.3 50.6  ±  23.8 <0.001
LDopa (mg/day)  568.8  ±  372.9  523.9  ±  307.7  624.1  ±  434.7  0.112
Assistive devices,  number  (%)  43  (11.6)  14  (6.9)  29  (17.5)  0.002
Visual impairment,  number  (%)  275  (74.3)  152  (74.5)  123  (74.1)  0.928
HAP (AAS)  57.7  ±  20.2  61.7  ±  18.6  52.8  ±  21.0  <0.001
FES-I score  (16---64)  29.7  ±  10.1  27.6  ±  9.0  32.2  ±  10.8  <0.001
FOG-Q score  (0---24)  8.1  ±  6.1  6.9  ±  5.5  9.6  ±  6.5  <0.001
TUG time,  seconds  13.6  ±  9.2  12.3  ±  5.3  15.2  ±  12.4  0.005
TUG DT  time,  s  18.7  ±  14.3  16.8  ±  9.1  21.3  ±  18.9  0.003
FTSST, s  17.7  ±  8.6  16.9  ±  7.4  18.8  ±  10.0  0.062
10-MWT time,  m/s  1.10  ±  0.3  1.12  ±  0.3  1.08  ±  0.3  0.607
Mini-BESTest  total  score  (0---28)  18.8  ±  6.7  20.4  ±  6.0  16.8  ±  7.1  <0.001
Anticipatory  postural  adjustments  (0---6)  4.1  ±  1.6  4.5  ±  1.4  3.6  ±  1.8  <0.001
Reactive postural  control  (0---6)  3.3  ±  2.1  3.6  ±  2.1  2.8  ±  2.0  <0.001
Sensory orientation  (0---6) 4.6  ±  1.6  4.9  ±  1.3  4.2  ±  1.8  <0.001
Balance during  gait  (0---10)  6.8  ±  2.6  7.4  ±  2.2  6.1  ±  2.8  <0.001

BMI: Body Mass Index; HY: Hoehn and Yahr disability stages; UPDRS: Unified Parkinson’s Disease Rating Scale; ADL: activities of daily living;
HAP: Human Activity Profile; AAS: Adjusted Activity Score; FES-I:Falls Efficacy Scale-International; FOGQ: Freezing of Gait Questionnaire;
TUG: Timed Up and Go; DT: Dual task; FTSST: Five-Time-Sit-To-Stand Test; 10-MWT: 10 Meter Walk Test; Mini-BESTest: Mini-Balance
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Figure  2  Receiver  Operating  Characteristic  curve  (ROC
curve)  to  establish  a  cutoff  point  in  the  Mini-BESTest  to  dis-
Evaluation System Test; a,b,c Each subscript denotes a subset of H
each other at the 0.05 level.

Fallers  used  on  average  4.4  medications  per  day
nd  non-fallers,  4.1.  Both  groups  presented  moderate
olypharmacy.  Fallers  reported  on  average  1.3  associated
iseases  and  non-fallers  1.2,  and  the  total  sample  reported
resence  of:  systemic  arterial  hypertension  (35.4%);  dia-
etes  mellitus  (15.1%);  rheumatic  (11.1%),  cardiac  (9.5%),
rthopedic  (2.7%)  and  pulmonary  (0.8%)  diseases.  In  addi-
ion,  3.0%  of  the  fallers  and  3.9%  of  the  non-fallers  reported
hey  had  been  submitted  to  surgery  related  to  PD  (Fig.  2).

ultiple  logistic  regression
he  regression  analyses  included  seventeen  potential  pre-
ictors.  All  variables  except  levodopa  dosage,  BMI  and  the
0-MWT  were  correlated  to  falls  (Table  2)  and  were  included
n  the  regression  model.  Among  these  potential  predictors,
nly  Mini-BESTest  Total  score  reached  significance  (p  <  0.05)
nd,  consequently  was  kept  in  the  model  (Table  3).

The  Mini-BESTest  Total  score  explained  alone  59.5%
OR  =  0.92;  p  <  0.001;  95%  CI  =  0.89,  0.95)  of  the  variance.
or  each  one  unit  increased  in  the  Mini-BESTest  score,  there
as  an  average  reduction  of  8%  in  the  probability  of  being  a
aller.  Youden’s  index  was  used  to  establish  the  best  cut-
ff  point,  but  also  to  determine  the  best  sensitivity  and
pecificity  values.  The  suggested  Mini-BESTest  cut  score  was
1.5/28  (AUC  =  0.669,  sensitivity  of  70.7%  and  specificity

c
riminate  fallers  from  non-fallers.
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Table  2  Correlations  between  the  dependent  variable  ‘‘falls’’  and  potential  predictors.

Variables

Age  (rho  =  0.108,  p  =  0.02)a,b

Sex  (�2 =  3.86,  p  =  0.05)a,c

BMI  (rho  =  −0.051,  p  =  0.28)b

PD  progression  (rho  =  0.20,  p  <  0.001)a,b

UPDRS  ADL  (rho  =  0,  240,  p  <  0.001)a,b

UPDRS  MOTOR  (rho  =  0,  240,  p  <  0.001)a,b

UPDRS  TOTAL  (rho  =  0,  264,  p  <  0.001)a,b

LDopa  dosage  (mg/day)  (rho  =  0.083,  p  =  0.112)b

HAP-AAS  (rho  =  −0,  221,  p  <  0.001)a,b

FES-I  (rho  =  0,  25,  p  <  0.001)a,b

FOG-Q  (rho  =  0,  225,  p  <  0.001)a,b

10-MWT  (rho  =  −  0.043,  p  =  0.34)b

FTSST  (rho  =  0.13,  p  =  0.009)a,b

Mini-BESTest  total  score  (rho  =  −0,  280,  p  <  0.001)a,b

Anticipatory  postural  adjustments  (rho  =  −0,  273,  p  <  0.001)a,b

Reactive  postural  control  (rho  =  −0,  193,  p  <  0.001)a,b

Sensory  orientation  (rho  =  −0,  201,  p  <  0.001)a,b

Balance  during  gait  (rho  =  −0,  240,  p  <  0.001)a,b

TUG  (rho  =  0.152,  p  =  0.002)a,b

TUG-DT  (rho  =  0.17,  p  =  0.01)a,b

BMI, Body Mass Index; HY; UPDRS, Unified Parkinson’s Disease Rating Scale; ADL, activities of daily living; HAP, Human Activity Profile;
AAS, Adjusted Activity Score; FES-I, Falls Efficacy Scale-International; FOGQ, Freezing of Gait Questionnaire; TUG, Timed Up and Go;
DT, Dual task; FTSST, Five-Time-Sit-To-Stand Test; 10-MWT, 10 Meter Walk Test; Mini-BESTest, Mini-Balance Evaluation System Test.

a Variables that in the bivariate analysis presented  ̨ = 10%.
b Spearman’s correlation (rho)and significance (p-value).
c Pearson chi-square test.

Table  3  Results  of  multivariate  logistic  regression  for  predicting  falls  in  Parkinson  Disease  participants.

Independent  variables  ˇ  (SE)  Wald  df  (gl)  p-value  Odds  ratio  95  C.I  for  OR

Lower  Upper

Model  1  Mini-BESTest-Total  −0.082(0.02)  23.40  1  <0.0001  0.92  0.89  0.95

squa

a
s
c
n
b
w
o
c
o
p
q
t
t
o
c

ˇ, coefficient of the constant; SE, standard error; Wald, Wald chi-

of  55.1%).  Other  parameters  were  calculated  for  the  Mini-
BESTest  such  as  positive  (57.02%)  and  negative  predictive
value  (61.03%),  likelihood  ratio  of  positive  (1.57)  and  of
negative  (0.53)  test.

Discussion

This  study  demonstrated  that  the  Mini-BESTest  was  the
best  independent  predictor  for  falls  in  individuals  with  PD.
The  Mini-BESTest  is  both  a  clinical  tool  and  a  research
outcome  measure  that  examines  several  postural  con-
trol  systems  through  the  performance  of  dynamic  balance
tasks.29 Dynamic  balance  is  associated  with  movement  dur-
ing  transfers  and  gait,  as  well  as  external  perturbations  and
cognitive  dual-task  performance.  As  balance  impairments
increase,  balance  scores  decrease,  and  there  is  a  progres-

sive  increase  risk  of  falling.  Considering  that  balance  is  a
complex  construct  to  measure30 and  that  individuals  with
PD  have  multiple  systems  affected,  multi-item  assessment
tools  such  as  the  Mini-BESTest  are  very  relevant.30

r
m
f
1

re test.

Falls  etiology  in  PD  is  multifactorial,31 resulting  in  inter-
ctions  with  age-related  processes  and  various  disease
pecific  mechanisms.31 The  results  of  the  current  study  indi-
ated  that,  even  in  the  face  of  the  complexity  of  falls,  we
eed  to  target  our  interventions  mainly  to  dysfunctions  in
alance,  that  seem  to  be  the  main  cause  of  falls  in  patients
ith  PD.  Postural  instability  is  commonly  placed  on  the  sec-
nd  plan  which  generally  focus  on  gait  impairments  by  both
linicians  and  their  patients  with  PD.  Accurate  identification
f  those  patients  at  high  risk  of  falls  would  facilitate  appro-
riate  and  timely  intervention,  and  could  lead  to  improved
uality  of  care  and  reduced  associated  hospital  costs,  due
o  reduced  admissions  and  reduced  severity  of  falls.  Iden-
ifying  individuals  who  are  at  risk  of  falling  and  preventing
r  minimizing  falls  is  a  priority  in  comprehensive  PD  patient
are.

Fallers  in  this  study  had  significantly  more  deficits  in

eactive  postural  control  and  anticipatory  postural  adjust-
ents,  which  may  have  contributed  to  the  occurrence  of

alls.  Although  fallers  showed  poor  dynamic  balance,  only
7.5%  used  a  walking  aid.  This  could  result  in  difficulty  in
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he  prescription  of  walking  aids  by  health  care  providers  or
imited  access  to  physical  therapy  services.15

Compared  to  similar  studies,1,2,5,32 this  study  had  the
argest  sample  size  of  PD  participants.  It  was  found  that  a
ini-BESTest  cutoff  point  of  21.5/28  (AUC  =  0.669,  sensitiv-

ty  of  0.707  and  specificity  of  0.55)  that  could  differentiate
allers  from  non-fallers.  This  result  is  similar  to  cutoff  points
stablished  in  previous  studies30,33---37 that  reported  cutoff
oints  ranging  from  16/32  to  19/28.  The  sensitivity  was
lso  within  the  reports  from  those  studies  (0.62---0.88),
lthough  their  specificity  was  higher  (0.67---0.78)  as  was
he  AUC  (0.75---0.87).37 This  difference  might  be  explained
y  the  fact  that  in  those  studies  the  authors  scored  both
ides  of  the  items  ‘‘standing  one  leg’’  and  ‘‘correction
ith  compensatory-lateral  step’’;  thus,  reporting  a  maxi-
um  total  score  of  32  points.37 However,  the  developers  of

he  Mini-BESTest27suggested  that  the  subtotal  and  the  total
core  should  be  calculated  using  only  the  side  with  the  low-
st  score,  within  a  maximum  score  of  28  points.  Among  these
tudies,  only  one36 considered  a  maximum  total  score  of  28,
dentifying  a  cutoff  point  of  19  (AUC  =  0.75,  sensitivity  of
.79  and  specificity  0.67),  which  was  higher  compared  to  our
ndings.  However,  their  sample  size  had  110  participants  and
eports  of  sample  size  calculation  and  power  were  unavail-
ble.  Therefore,  the  present  study  was  one  of  the  few  that
ollowed  all  of  the  instructions  recommended  by  the  authors
f  the  Mini-BESTest  and  the  one  with  the  largest  sample  size
o  date.  Our  sample  calculation  was  conducted  after  data
ollection.  As  suggested  by  Pituch,38 a  total  of  15  individuals
ust  be  recruited  for  each  independent  variable.  Consider-

ng  the  number  of  variables  included  in  the  present  analysis,
 total  sample  of  370  individuals  was  adequate.

Fallers  were  in  the  severe  stage  of  the  disease  as  indi-
ated  by  the  higher  scores  in  UPDRS-ADL,  Motor  and  Total.
he  UPDRS-ADL  was  composed  of  a  mixture  of  PD  related
hysical  impairments  and  ADL  items  reflecting  basic  func-
ion  and  mobility.  Factors  that  contributed  to  a  higher  score
n  the  UPDRS-ADL  may  also  have  caused  the  falls  reported
y  the  PD  fallers,  as  well  as  falls  could  affect  ADL.  The
PDRS-Motor  encompassed  the  clinical  spectrum  of  motor
ymptoms  that  gradually  compromised  general  mobility  and
unctional  activities  and  may  also  have  contributed  to  falls.

Levodopa  dosage  had  no  correlation  with  falls.  The
ffects  of  dopamine  replacement  therapy  on  balance  were
nclear  and  may  change  with  disease  progression  and  pres-
nce  of  dyskinesia.39 In  addition,  there  was  no  correlation
etween  falls  and  BMI,  although  both  groups  had  a  high  mean
MI,  indicating  overweight.  The  relationship  between  falls
nd  BMI  had  not  previously  been  established  in  PD.

People  with  PD  became  less  active  as  the  disease
dvanced  and,  after  experiencing  a  fall,  may  have  restricted
heir  physical  activities  to  avoid  harm.40 A  small  proportion
f  fallers  (14.5%)  and  non-fallers  (26.6%)  were  considered
ctive.  Goulart  et  al.41 found  that  PD  participants  decreased
heir  level  of  physical  activity  more  quickly  than  asymp-
omatic  subjects  at  the  same  age,  and  that  low  physical
tness  was  present  in  the  early  and  moderate  phases  of  the
isease  as  well  as  in  the  advanced  stage.  This  might  explain

he  fact  that  both  groups  presented  sedentary  behavior.  Indi-
iduals  with  PD  with  a  history  of  self-reported  falls  seemed
o  avoid  activities  that  they  presumably  considered  as  being
isky  for  falls.40 This  suggested  that  fall-related  activity
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voidance  needed  to  be  addressed  early  to  prevent  seden-
ary  behavior  and  falls.

Fear  of  falls  was  significantly  higher  among  PD  fallers.
alance  impairment  often  induces  fear  of  future  falling.  This
ehavior  may  be  protective  if  it  interferes  only  with  haz-
rdous  activity  and  increases  caution  during  performance  in
ll  other  daily  living  tasks.  However,  it  can  be  a  problem
f  it  compels  patients  to  restrict  their  mobility,  indepen-
ence  and  social  participation.10 Fallers  with  PD  spent  more
ime  performing  the  TUG  test,  confirming  earlier  findings,5

nd  were  significantly  more  susceptible  to  gait  changes
hen  performing  dual  tasks.  Mobility  in  daily  life  frequently

equired  walking  while  performing  simultaneous  cognitive  or
otor  tasks  and  gait  impairments  were  exacerbated  under

uch  dual-task  conditions,  with  increased  fall  risk.  Fallers
lso  had  higher  scores  on  FOG-Q.  Sudden  freezing  of  gait
as  one  of  the  most  important  causes  of  falls  in  individuals
ith  PD.11

There  was  no  significant  difference  between  fallers  and
on-fallers  in  the  performance  of  the  FTSST.  This  is  possi-
ly  due  to  the  influence  of  other  unmeasured  factors.  In
he  elderly,  fall-related  factors  such  as  postural  sway,  reac-
ion  time,  peripheral  sensation,  vision,  anxiety  and  pain  may
ave  a  significant  impact  on  the  performance  of  FTSST.42

here  was  also  no  difference  between  groups  and  no  cor-
elation  in  the  mean  walking  speed  measured  by  the  10
WT.  Age,  disease  severity,  and  balance  confidence  were

ignificantly  related  to  self-selected  walking  speeds43 and
lthough  they  correlated  with  falls,  they  might  not  have
nfluenced  the  performance  in  the  10-MWT.  The  influence
f  other  factors,  such  as  dopaminergic  treatment,  that  has
een  shown  to  decrease  gait  variability  parameters  in  PD
hould  also  be  considered.

Studying  predictors  of  falls  in  Brazil  is  relevant  because
his  country  has  been  undergoing  a  rapid  demographic
ransition  that  has  occurred  unequally  across  the  vast
erritory,  with  different  regions  presenting  different  pat-
erns  of  socioeconomic  development.44 PD  patients  require
everal  regular  medical  and  health  professional  visits  to
ollow  up  the  disease’s  progression,  adjusting  medication
nd  managing  the  complications.  Willis  et  al.  investigated
he  utilization  of  neurology  providers  in  the  treatment  of
atients  with  PD  in  the  United  States.45 They  found  that
eurologist-treated  patients  were  less  likely  to  be  placed  in

 skilled  nursing  facility,  had  lower  risk  of  hip  fracture  and
ower  adjusted  likelihood  of  death.  The  demand  for  care  in
he  Brazilian  public  healthcare  system  (SUS  ---  Sistema  Único
e  Saúde)  exceeds  supply.44 Another  aggravating  factor  is
he  difficulty  in  accessing  PD  medication.  The  current  poli-
ies  promoting  access  to  medications  are  not  sufficient  and
here  are  failures  in  the  process  of  drug  distribution.44 It  is
nown  that  40%  of  all  countries  and  80%  of  low-income  coun-
ries  do  not  have  access  to  PD  medication  and  this  includes
he  levodopa,  which  can  improve  quality  of  life  and  reduces
ortality.13

This  study  has  some  limitations.  The  inclusion  of  indi-
iduals  with  cognitive  impairments  and  with  comorbidities
hat  could  affect  balance  might  have  led  to  misleading

esults.  However,  by  excluding  these  participants,  we
ould  have  ended  with  a  small  number  of  participants,
ot  representative  of  the  PD  population.  Another  limitation
as  the  retrospective  assessment  of  falls.  The  accuracy  of
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dating  past  falls  might  have  depended  on  how  subjects  were
interviewed.  We  managed  to  date  falls  with  the  combined
information  of  patients,  relatives,  caregivers,  and  clinical
records.  Even  in  a  prospective  assessment,  some  falls  were
still  likely  to  have  been  missed.  The  high  incidence  of  falls
quoted  was  likely  to  have  been  an  underestimate  of  the
number  of  falls  that  actually  occurred.  Perhaps  only  highly
sophisticated  long-term  mechanical  monitoring  methods
would  be  able  to  give  the  true  incidence,  but  these  were
not  feasible  for  the  present  study.

Conclusion

The  present  study  showed  that  the  Mini-BESTest  was  the
strongest  individual  predictor  of  falls  in  individuals  with  PD,
emphasizing  the  importance  of  measuring  the  dynamic  bal-
ance  capacity  during  the  assessment  of  the  risk  of  falls.  In
addition,  relevant  characteristics  of  this  population  were
provided.  This  could  facilitate  adequate  and  timely  inter-
vention  and  lead  to  a  better  quality  of  care,  thus  reducing
the  severity  of  falls  and  hospital  costs.

Conclusion

The  present  study  showed  that  the  Mini-BESTest  was  the
strongest  individual  predictor  of  falls  in  individuals  with  PD,
emphasizing  the  importance  of  measuring  the  dynamic  bal-
ance  capacity  during  the  assessment  of  the  risk  of  falls.  In
addition,  relevant  characteristics  of  this  population  were
provided.  This  could  facilitate  adequate  and  timely  inter-
vention  and  lead  to  a  better  quality  of  care,  thus  reducing
the  severity  of  falls  and  hospital  costs.

Acknowledgement

This  research  was  supported  by  the  Coordenação  de
Aperfeiçoamento  de  Pessoal  de  Nível  Superior  (CAPES-001),
Conselho  Nacional  de  pesquisa  (CNPq),  Fundação  de  Amparo
à  Pesquisa  do  Estado  de  Minas  Gerais  (FAPEMIG),  Pró-reitoria
de  Pesquisa  of  Universidade  Federal  de  Minas  Gerais  (UFMG).

Conflicts of interest

The  authors  declare  no  conflicts  of  interest.  We  certify  that
no  party  has  a  direct  interest  in  the  results  of  the  research
supporting  this  article  has  or  will  confer  a  benefit  on  us  or  on
any  organization  with  which  we  are  associated  AND,  if  appli-
cable,  we  certify  that  all  financial  and  material  support  for
this  research  (e.g.,  NIH  or  NHS  grants)  and  work  are  clearly
identified  in  the  title  page  of  the  manuscript.

References

1. Kerr GK, Worringham CJ, Cole MH, Lacherez PF, Wood JM,
Silburn PA. Predictors of future falls in Parkinson disease. Neu-
rology.  2010;75(2):116---124.
2. Wood BH, Bilclough JA, Bowron A, Walker RW. Incidence
and prediction of falls in Parkinson’s disease: a prospec-
tive multidisciplinary study. J Neurol Neurosurg Psychiatry.
2002;72(6):721---725.
439

3. Paul SS, Harvey L, Canning CG, et al. Fall-related Hospitaliza-
tion in People with Parkinson’s Disease; 2017:1---7.

4. Allen NE, Schwarzel AK, Canning CG, Allen NE, Schwarzel AK,
Canning CG. Recurrent falls in Parkinson’s Disease: a systematic
review. Parkinsons Dis [Internet].  2013;2013:1---16. Available
from: http://www.hindawi.com/journals/pd/2013/906274/.

5. Balash Y, Peretz C, Leibovich G, Herman T, Hausdorff JM,
Giladi N. Falls in outpatients with Parkinson’s disease:
frequency, impact and identifying factors. J Neurol.
2005;252(11):1310---1315.

6. Marck MA, Van Der, Ph M, et al. Parkinsonism and Related Disor-
ders Consensus-based Clinical Practice Recommendations for
the Examination and Management of Falls in Patients with
Parkinson’s Disease; 2014.

7. Almeida LRS, Sherrington C, Allen NE, et al. Disability is an
independent predictor of falls and recurrent falls in people
with Parkinson’s disease without a history of falls: a one-year
prospective study. J Parkinsons Dis. 2015;5(4):855---864.

8. Okada Y, Shibamoto C, Osumi Y, et al. Transcranial direct
current stimulation combined with action observation and
electromyographic biofeedback training in a patient with
writer’s cramp. J Mov Disord.  2018;11(2):82---86.

9. Parashos SA, Bloem BR, Browner NM, et al. What predicts falls
in Parkinson disease? Observations from the Parkinson’s Foun-
dation registry. Neurol Clin Pract. 2018;8:214---222.

10. Lindholm B, Hagell P, Hansson O, Nilsson MH. Prediction of falls
and/or near falls in people with mild Parkinson’s disease. PLoS
One. 2015;10(1):1---12.

11. Okuma Y, Silva de Lima AL, Fukae J, Bloem BR, Snijders
AH. A prospective study of falls in relation to freezing
of gait and response fluctuations in Parkinson’s disease.
Park Relat Disord [Internet].  2018;46:30---35. Available from:
https://doi.org/10.1016/j.parkreldis.2017.10.013.

12. Barbosa MT, Caramelli P, Maia DP, et al. Parkinsonism and
Parkinson’s disease in the elderly: a community-based sur-
vey in Brazil (the Bambuí Study). Mov Disord.  2006;21(6):
800---808.

13. Dorsey ER, Bloem BR. The Parkinson pandemic----a call to
action. JAMA Neurol [Internet]. 2017. Available from: http://
archneur.jamanetwork.com/article.aspx?doi=10.1001/
jamaneurol.2017.3299.

14. Wanneveich M, Moisan F, Jacqmin-Gadda H, Elbaz A, Joly P.
Projections of prevalence, lifetime risk, and life expectancy
of Parkinson’s disease (2010---2030) in France. Mov Disord.
2018;33(9):1449---1455.

15. Rodrigues-de-Paula F, Lana RC, Lopes LKR, et al. Determi-
nants of the use of physiotherapy services among individuals
with Parkinson’s disease living in Brazil. Arq Neuropsiquiatr.
2018;76:592---598.

16. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of
clinical diagnosis of idiopathic Parkinson’s disease: a clinico-
pathological study of 100 cases. J Neurol Neurosurg Psychiatry.
1992;55:181---184.

17. Hoehn MM, Yahr MD. Parkinsonism: onset, progression,
and mortality. Neurology [Internet].  1967;17(5):427. Avail-
able from: http://www.neurology.org/cgi/doi/10.1212/WNL.
17.5.427.

18. GIBSON MJ. The prevention of falls in later life. A report of the
Kellogg International Work Group on the Prevention of Falls by
the Elderly. Dan Med Bull [Internet].  1987;34(suppl 4):1---24.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/
3595217.

19. Mak MKY, Pang MYC. Parkinsonian single fallers versus recurrent
fallers: different fall characteristics and clinical features. J
Neurol. 2010;257(9):1543---1551.
20. Ramaker C, Marinus J, Stiggelbout AM, van Hilten BJ. System-
atic evaluation of rating scales for impairment and disability in
Parkinson’s disease. Mov Disord.  2002;17(5):867---876.

http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0230
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0235
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0240
http://www.hindawi.com/journals/pd/2013/906274/
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0250
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0255
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0260
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0265
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0270
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0275
https://doi.org/10.1016/j.parkreldis.2017.10.013
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0285
http://archneur.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2017.3299
http://archneur.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2017.3299
http://archneur.jamanetwork.com/article.aspx?doi=10.1001/jamaneurol.2017.3299
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0295
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0300
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0305
http://www.neurology.org/cgi/doi/10.1212/WNL.17.5.427
http://www.neurology.org/cgi/doi/10.1212/WNL.17.5.427
http://www.ncbi.nlm.nih.gov/pubmed/3595217
http://www.ncbi.nlm.nih.gov/pubmed/3595217
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0320
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0325


4

scielo.php?script=sci arttext&pid=S1679-45082016000300001
&lng=en&tlng=en.

45. Willis a W,  Schootman M, Evanoff BA. Neurologist Care in
Parkinson Disease; 2011:851---858.
40  

21. Souza AC, Magalhaes LDC, Teixeira-Salmela LF. Cross-cultural
adaptation and analysis of the psychometric properties in the
Brazilian version of the Human Activity Profile. Cad Saude Pub-
lica. 2006;22(12):2623---2636.

22. Jonasson SB, Nilsson MH, Lexell J. Psychometric properties
of the original and short versions of the Falls Efficacy Scale-
International (FES-I) in people with Parkinson’s disease. Health
Qual Life Outcomes. 2017;15(1):1---8.

23. Baggio JAO, Curtarelli MB, Rodrigues GR, Tumas V. Validity
of the Brazilian version of the freezing of gait question-
naire. Arq Neuropsiquiatr [Internet].  2012;70(8):599---603.
Available from: http://www.scielo.br/scielo.php?script=sci
arttext&pid=S0004-282X2012000800008&lng=en&tlng=en.

24. Lim LIIK, Van Wegen EEH, De Goede CJT, et al. Measuring gait
and gait-related activities in Parkinson’s patients own home
environment: a reliability, responsiveness and feasibility study.
Park Relat Disord.  2005;11(1):19---24.

25. Duncan RP, Leddy AL, Earhart GM. Five times sit-to-stand
test performance in Parkinson’s disease. Arch Phys Med
Rehabil [Internet]. 2011;92(9):1431---1436. Available from:
https://doi.org/10.1016/j.apmr.2011.04.008.

26. Morris S, Morris ME, Iansek R. Reliability of measurements
obtained with the Timed ‘‘Up & Go’’ test in people with
Parkinson disease. Phys Ther [Internet].  2001;81(2):810---818.
Available from: https://academic.oup.com/ptj/article/
2829548/Reliability.

27. Franchignoni F, Horak F, Godi M, Nardone A, Giordano
A. Using psychometric techniques to improve the balance
evaluation systems test: The mini-bestest. J Rehabil Med.
2010;42(4):323---331.

28. Maia AC, Rodrigues-de-Paula F, Magalhães LC, Teixeira RLL.
Cross-cultural adaptation and analysis of the psychomet-
ric properties of the balance evaluation systems test and
MiniBESTest in the elderly and individuals with Parkinson’s dis-
ease: application of the Rasch model. Brazilian J Phys Ther.
2013;17(3):195---217.

29. King L, Horak F. On the Mini-BESTest: scoring and the reporting
of total scores. Phys Ther. 2013;93(4):571---575.

30. Leddy AL, Crowner BE, Earhart GM. Utility of the Mini-
BESTest, BESTest, and BESTest sections for balance assessments
in individuals with Parkinson disease. J Neurol Phys Ther.
2011;35(2):90---97.

31. Schrag A, Choudhury M, Kaski D, Gallagher DA. Why do patients
with Parkinson’s disease fall? A cross-sectional analysis of pos-
sible causes of falls. NPJ Parkinsons Dis.  2015;1:15011.

32. Gray P, Hildebrand K. Fall risk factors in Parkinson’s disease. J
Neurosci Nurs. 2000;32:222---228.

33. Duncan RP, Earhart GM. Should one measure balance or gait to
best predict falls among people with Parkinson disease? Parkin-

sons Dis. 2012;2012:1---6.

34. Duncan RP, Leddy AL, Cavanaugh JT, et al. Accuracy of
fall prediction in parkinson disease: Six-month and 12-month
prospective analyses. Parkinsons Dis. 2012;2012.
L.K.  Lopes  et  al.

35. Duncan RP, Leddy AL, Cavanaugh JT, et al. Comparative utility
of the BESTest, mini-BESTest, and brief-BESTest for predicting
falls in individuals with Parkinson disease: a cohort study.
Phys Ther [Internet].  2013;93(4):542---550. Available from:
http://ptjournal.apta.org/cgi/doi/10.2522/ptj.20120302%5
Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3613340&tool=pmcentrez&rendertype=Abstract.

36. Mak MKY, Auyeung MM. The mini-bestest can predict parkinso-
nian recurrent fallers: a 6-month prospective study. J Rehabil
Med. 2013;45(6):565---571.

37. Di Carlo S, Bravini E, Vercelli S, Massazza G, Ferriero G.
The Mini-BESTest: a review of psychometric properties. Int J
Rehabil Res [Internet].  2016;39(2):97---105. Available from:
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:
landingpage&an=00004356-201606000-00001.

38. Pituch KA. In: Mahwah NL, Erlbaum, eds. Applied Multi-
variate Statistics for the Social Sciences [Internet]. 3rd ed.
Routledge; 2015. Available from: https://www.taylorfrancis.
com/books/9781315814919.

39. Curtze C, Nutt JG, Carlson-Kuhta P, Mancini M, Horak FB.
Levodopa is a double-edged sword for balance and gait in
people with Parkinson’s disease. Mov Disord.  2015;30(10):
1361---1370.

40. Kader M, Iwarsson S, Odin P, Nilsson MH. Fall-related activity
avoidance in relation to a history of falls or near falls, fear
of falling and disease severity in people with Parkinson’s dis-
ease. BMC Neurol [Internet].  2016;16(1):1---8. Available from:
https://doi.org/10.1186/s12883-016-0612-5.

41. Goulart F, Cardoso C, Teixeira-salmela LF. Análise do desem-
penho funcional em pacientes portadores de doença de
Parkinson Analysis of functional peformance in patients with
Parkinson’s disease. Acta Fisiátr.  2004;11(1):7---11.

42. Lord SR, Murray SM, Chapman K, Munro B, Tiedemann A.
Sit-to-stand performance depends on sensation, speed,
balance, and psychological status in addition to strength in
older people. J Gerontol Ser A: Biol Sci Med Sci [Internet].
2002;57(8):M539---M543. Available from: https://academic.
oup.com/biomedgerontology/article-lookup/doi/10.1093/
gerona/57.8.M539.

43. Nemanich ST, Duncan RP, Dibble LE, et al. Predictors of gait
speeds and the relationship of gait speeds to falls in men and
women with parkinson disease. Parkinsons Dis.  2013;2013.

44. Bovolenta TM, Felício AC. Parkinson’s patients in the Brazilian
Public Health Policy context. Einstein (São Paulo) [Inter-
net]. 2016;14(3):7---9. Available from: http://www.scielo.br/

http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0330
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0335
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0004-282X2012000800008&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0004-282X2012000800008&lng=en&tlng=en
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0345
https://doi.org/10.1016/j.apmr.2011.04.008
https://academic.oup.com/ptj/article/2829548/Reliability
https://academic.oup.com/ptj/article/2829548/Reliability
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0360
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0365
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0370
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0375
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0380
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0385
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0390
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0395
http://ptjournal.apta.org/cgi/doi/10.2522/ptj.20120302%5Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3613340&tool=pmcentrez&rendertype=Abstract
http://ptjournal.apta.org/cgi/doi/10.2522/ptj.20120302%5Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3613340&tool=pmcentrez&rendertype=Abstract
http://ptjournal.apta.org/cgi/doi/10.2522/ptj.20120302%5Cnhttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3613340&tool=pmcentrez&rendertype=Abstract
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0405
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00004356-201606000-00001
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=00004356-201606000-00001
https://www.taylorfrancis.com/books/9781315814919
https://www.taylorfrancis.com/books/9781315814919
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0420
https://doi.org/10.1186/s12883-016-0612-5
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0430
https://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/57.8.M539
https://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/57.8.M539
https://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/57.8.M539
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0440
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1679-45082016000300001&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1679-45082016000300001&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1679-45082016000300001&lng=en&tlng=en
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450
http://refhub.elsevier.com/S1413-3555(18)30809-8/sbref0450

	The Mini-BESTest is an independent predictor of falls in Parkinson Disease
	Introduction
	Methods
	Study design and participants
	Measurements
	Characteristics of the participants
	Fall survey
	Clinical measures and questionnaires

	Statistical analysis

	Results
	Comparison between fallers and non-fallers
	Multiple logistic regression


	Discussion
	Conclusion
	Acknowledgement
	Conflicts of interest
	References
	References


