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Abstract

Background:  Recovery  of  physical  activity  (PA)  after  telerehabilitation  following  knee  and  hip

arthroplasty (TKA-THA)  has rarely  been  studied.  An  improved  understanding  of  PA  recovery  is

needed, as  it  could  be influenced  by  many  factors  such  as  age,  gender  or  pre-operative  physical

function.

Objectives:  To  assess  PA  recovery  weekly  for  3  months  after  TKA-THA  and to determine  peri-

operative  factors  that  could  help  predict  PA  recovery  at  3 months.

Methods:  From  one  week  before  until  3 months  after  surgery,  132 patients  wore  a  fitness  tracker

continuously.  Each  patient  received  personalized  and  daily  exercises  and  feedback  through

a tablet.  Before  and  after  surgery,  patient-reported  outcome  measures  of  symptoms,  pain,

activities  of  daily  living  and  quality  of  life were  recorded.  A  one-way  repeated-measure  ANOVA

was used  to  assess  the  time  effect  on step  count  for  each  post-operative  week.  To  predict  the

absolute  step count  at 3 months  post-surgery,  a  backward  multiple  linear  regression  was  used.

Results:  Patients  reached  their  pre-operative  PA  level  at week  7, with  no  significant  additional

improvement  by  3 months  post-surgery.  Pre-operative  step  count,  the  number  of  days  using

crutches and  pre-operative  symptoms  explained  35%  of  the variability  of  step  count  at 3 months.

Conclusion: This  patient  population  receiving  telerehabilitation  reached  their  pre-operative  PA

level at 7-week  post-surgery  with  no further  improvement  over  the  subsequent  5  weeks.  The

PA level  at  3 months  could  be  predicted  by  pre-operative  step  count,  duration  of  crutches  use,

and pre-operative  symptoms.
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Introduction

Total  hip  arthroplasty  (THA)  or  total  knee  arthroplasty
(TKA)  are  surgical  interventions  for  end-stage  symptomatic
osteoarthritis  (OA).  In Belgium,  a total  of  49,771  hip  and
knee  arthroplasties  were  performed  in 2016  (26736  THA,
23035  TKA1)  and  in  the US the numbers  are  expected  to
increase  significantly  until  2030.2,3

Physical  activity  (PA)  is  defined  as  any  movement  pro-
duced  by  skeletal  muscles  that requires  energy  expenditure.
PA  is  beneficial  for physical,  social  and  mental  health,4 and
is  a  major  concern  for  public  health  policies.5 Recovery  of
PA  in  the  early postoperative  phase  is  still  unclear  as  studies
have  showed  conflicting  results.  Schotanus  et  al.6 observed
that  PA  post  TKA  improves  steeply  during  the  first  4  postop-
erative  days  and  continues  to  improve  towards  the 6-week
assessment,  however,  it  remained  below  preoperative  lev-
els.  Conversely,  Twiggs et al.7 recorded  step counts  similar  to
preoperative  values  at the 6  week  post-operative  time  point.
For  later  stages  in  the recovery,  a  systematic  review  by
Arnold  et  al.  (373  patients)  found  that  compared  to  prior  to
surgery  there  are  negligible  changes  in PA  at 6 months  after
THA  and  TKA,  but  larger  changes  1  year  postoperatively.8

Although  THA and  TKA  improve  pain  and  function,4,9 it is  not
clear  if  PA  is  also  enhanced  in comparison  to  pre-operative
level.8 Moreover,  PA  post-surgery  remains  lower  than  in  peo-
ple  without  OA.10

PA  assessment  can  be  conducted  through  validated  self-
report  questionnaires.11 Although  such questionnaires  are
convenient,  they  are subject  to  patient  recollection  and
therefore  recall  bias.12 In addition,  change  in PA after  joint
arthroplasty  has mostly  been  assessed  as  a ‘‘snapshot’’,  at
two  or  three  time-points,8 failing  to convey  the  complex-
ity  of  the  recovery.  Paxton  et al. recommended  the  use  of
fitness  trackers,  as  accelerometry-based  measurements  at
multiple  post-surgical  time  points  during  rehabilitation.10

These  fitness  trackers  enable  objective  PA quantification
over  long  periods  of  time,  calculating  the number  of  steps
per  day.13 These  devices  can  also  gather  detailed  PA data
that  physical  therapists  cannot  otherwise  observe.14

Although  the optimal  approach  for  rehabilitation  fol-
lowing  TKA  and  THA  is  still unclear,  telerehabilitation  has
demonstrated  its  potential  to  maximize  patient  recovery  in
a  cost-effective  way.15---17 Telerehabilitation  appears  to  be
effective  and  comparable  to  standard  rehabilitation  for  the
improvement  of physical  function  and  pain.18 Technological
developments  combining  fitness  tracker  and  tablet  use  are
promising  for  providing  telerehabilitation  and  for  monitoring
daily  activity.19

To  develop  effective  strategies  to  improve  PA  after  hip
and  knee  arthroplasties,  it is  necessary  to  thoroughly  explore
preoperative  predictors  of  changes  in PA  after surgery.8

Some  studies  have  already  assessed  the  influence  of  pre-
dictors  such  as  age  and  gender  on  PA  in patients  with  knee
or  hip  OA.20,21 Female  gender,21 old  age  and  a  low  level  of
functional  performance20 were  associated  with  lower  lev-
els  of  PA.  However  to  our  knowledge,  studies  assessing  the
influence  of  predictors  on  recovery  after  TKA  and THA  are
scarce.22 Twiggs  et al.7 recently  observed  a  gender  effect  in
PA  in  the  pre-op  period  but  not  at  1 and 6 week  after  TKA.  In
their  systematic  review,  Veenhof  et  al.20 observed  conflict-

ing  evidence  for  the association  between  age,  gender  and
the  recovery  level  of  PA in patients  with  knee  OA. Twiggs
et  al.7 also  showed  that  quality  of  life,  body mass  index
(BMI)  and preoperative  step  count  predicted  PA recovery  in
patients  at  6 weeks  post  TKA.7 A better  understanding  of  the
association  between  age,  gender,  surgery  type,  PA level  and
PA  recovery  after  surgery  may  help  to  tailor  telerehabilita-
tion  programs  to the  patients’  needs.

The  aim  of  our  study  was  (1)  to  assess  PA recovery  each
week  after  TKA  or  THA  surgery,  distinguishing  between  male
and  female  populations,  treated  by  telerehabilitation  and,
(2)  to  explore  predictors  of  PA  recovery  every  week  up  to  3
months  after the  surgery.

Methods

Study design

The  data  for this longitudinal  cohort  study  are  from
the  MORE  Clinical  Study  (Clinical  Trial  Number  :
B117201732334),  a  pilot  study  part  of  a national  pro-
gram  to  create  a framework  for  mobile  health  application
in  the Belgium  healthcare  system.23 During  this  study,
patients  were  monitored  after  knee  or  hip arthroplasty  by
a  commercially  available  mobile-health  application  (Move
Up  cvba,  Belgium)  for 3 months  after  surgery.  This  protocol
was  conducted,  recorded  and  reported  in compliance  with
ISO  14155:2011  Clinical  investigation  of  medical  devices
for  human  subjects  ---  Good  Clinical  Practice  and  ICH-GCP
guidelines.  In this report, we  used  data  for  one  arm  of
study,  all  patients  receiving  the same  treatment.

Setting

Patients  had TKA  or  THA  performed  between  January  2017
and  February  2018  in  one  of  three  Belgian  hospitals.  They
were  given  a wearable  fitness  tracker  and a  computer  tablet
one  week  before  surgery.  They  were  instructed  to  continu-
ously  wear  the tracker  upon  receipt,  except  during  surgery
and  to  synchronize  it to  the tablet  by  means  of  a  Bluetooth
connection  every  7 days.

The  ethics  committee  of  Université  Catholique  de
Louvain  (Brussels,  Belgium)  approved  the study  proto-
col  (agreement  number:  B403201523492)  and  each patient
provided  written  informed  consent  to  the use  of  their
anonymized  data  for  scientific  use.

Participants

The  study  population  consisted  of  146  adults  aged  18  years
and  over,  undergoing  a hip  or  knee arthroplasty,  discharged
to  home  environment  and  able  to  independently  perform
daily  life  activities.  Participants  had  to  reside  in Belgium
during  the  rehabilitation  period,  to  be  able  to  give  voluntary,
written  informed  consent,  and  to  receive  no  other  physi-
cal  therapy  care  other  than  the  telerehabilitation  program.
Participants  were  identified  and  recruited  by  the  clinical
investigators  and  their  research  staff  of  each  hospital.

Exclusion  criteria  were:  pre-  or  post-operative  proce-
dures  that  might  interfere  with  the rehabilitation,  scheduled

31



J.  Lebleu,  H.  Poilvache,  P.  Mahaudens  et  al.

surgery  in  the  3  months  following  the  reference  surgery,  sig-
nificant  neurological  conditions  that  might interfere  with
the  rehabilitation  program,  psychiatric  disorders  or  active
alcohol/drug  abuse,  incomplete  medical  record  data  either
before  the surgery  or  at 3  months  post-operative  period,  a
rehabilitation  period  of less  than  6  weeks  or  an  interruption
in  the  data  collection  of the tracker.

Variables

The primary,  dependent  outcome  variable  is PA,  represented
by  the  amount  of  steps recorded  each  day with  the use  of
a  fitness  tracker.  PA was  measured  during  one week  before
surgery  to  the end  of  the  rehabilitation.  To  have  representa-
tive  and  reliable  data,  PA  was  averaged  on  a  sample  of  5---7
consecutive  days  for  every  analyzed  period.24 The  mean  pre-
operative  step  count  was  calculated  over  a 5---7 day period
depending  on  the available  recorded  data.  The  mean  post-
operative  step  count  was  calculated  for  each  post-operative
week.  The  ratio  between  the step  count  at 3  months  and the
step  count  in the week  before  surgery  was  calculated  and
expressed  as  a  percentage.

The following  patient  information  was  recorded  pre-
operatively  as  independent  variables:  age,  gender,  type of
surgery  (hip  or  knee  arthroplasty)  and  patient-reported  out-
come  measures  (PROM)  of  symptoms,  pain,  activities  of  daily
living  and  quality  of  life  within  the 2  weeks  before  surgery.  In
the  post-operative  phase  we  recorded:  the  number  of  days
of  anti-inflammatory  drugs  intake,  the  number  of  days  using
crutches  and  PROM  3  month  after  surgery.  PROM  were  mea-
sured  by  adapted  validated  scales  for  the study  population.
Patients  with  knee  surgery  completed  the Knee  Injury  and
Osteoarthritis  Score  (KOOS)  while  those  with  hip surgery
completed  the  Hip  Injury  and  Osteoarthritis  Score  (HOOS)
questionnaire  using the  tablet.  These  PROMs  consist  of  42
questions  for  the KOOS and 40  for  the HOOS  and  investi-
gate  five  different  subscales:  symptoms,  pain,  activities  of
daily  living,  sports  and  recreational  activities  and  quality  of
life.25 Scores  for  each  subscale  range  from  0  to  100 with
higher  scores  representing  better  function.  The  sports  and
recreational  activities  subscale  were  not  used for  this  study
as improvement  in these  areas  was  not expected  within  3
months  of  surgery.

Data  sources/measurement

PA  was  measured  by  a commercial  fitness  tracker  (Nokia®Go,
Nokia  Europe,  Issyles-Moulineaux,  France).  This  device  was
selected  for its  low cost, long  battery  life,  and  waterproof
properties.26 The  validity  of  step  count  measurement  has
been  previously  assessed  in  comparison  to  reference  devices
for  walking  and free-living  conditions.27 For  walking,  the
bias  was  limited,  while  for  the free-living  condition,  PA was
underestimated  in comparison  to  data  from  the  ActiGraph
device.27

The  monitor  was  worn  on  the  patient’s  wrist (side  based
on  patient’s  personal  preference).  Compliance  with  monitor
wear  was  assessed  by  self-reported  take  off time  and  post
hoc  examination  of  data.  Patients  were  aware  of  their  daily
step  count  as  displayed  by  the tracker.

The  self-administered  questionnaires  (KOOS  or  HOOS)
were  completed  electronically  through  the tablet  as  well
as  the recording  of  the number  of days  of anti-inflammatory
drugs  intake  and the number  of  days  using  crutches.

Rehabilitation  program

The rehabilitation  was  implemented  through  a mobile  health
solution  via  a  tablet.  The  patient’s  progress  was  monitored
daily  by  physical  therapists  who  offered  daily  personalized
advices  and adapted  exercises.  The  daily  step count,  pain
and  stiffness  reported  by  the  patient,  as  well  as  the patient’s
baseline  characteristics  were  used to  adapt  advices  and
exercises.  No  specific  behavior  change  principle  was  used
at  this stage,  but  physical  therapists  monitored  for  over-
loading.

The  rehabilitation  program  was  also  adapted  in function
of  the  patient  expectations  and  reported  pain  level during
their  daily  activities  and  exercises.

Statistical  methods

Descriptive  statistics  were  used to  describe  the study  pop-
ulation.  PA  recovery  was  first  assessed  by  the  slope  of  the
linear  regression  between  the weeks  (X)  and  weekly  mean
step  count  (Y).  Subsequently  a one way  Repeated  ANOVA
Measure  (RM)  was  used  to  assess  the time  effect  (compar-
ing  each  postoperative  week  (1---11)  data  with  pre-surgery
data)  in all  patients  (THA  and TKA together).  In addition,
based on  the  potential  influence  of  gender21 and  type of
surgery,22 the  time  effect  (RM  ANOVA)  was  also  assessed
for  4 subgroups:  Women  with  knee surgery,  Women  with
hip  surgery,  Men  with  knee  surgery,  Men  with  hip  surgery,
using  a multiple  comparison  post  hoc test  with  Holm-Sidak
correction.  To  examine  the  association  between  dependent
variables  (PA recovery  assessed  by  absolute  step  count  at
3  weeks,  6  weeks;  3  months  post-surgery)  and  independent
variables,  a  multiple  linear  regression  was  used.  The  inde-
pendent  variables  were  the subgroups  (Women  with  knee
surgery,  Women  with  hip surgery,  Men  with  knee surgery,
Men  with  hip surgery),  age,  PROM  before-surgery  (Symp-
toms,  Pain,  Activities  of daily  living  and quality  of  life),
mean  PA before  surgery  (number  of  steps),  the number
of  days  of  anti-inflammatory  drugs  intake,  and  the num-
ber  of  days  using  crutches.  As  described  by  Freke  et  al.,28

to  limit  over-fitting  data,  a backwards  stepwise  regression
model  was  performed,  using the  Akaike  Information  Crite-
rion;  where  variables  were  removed  one  by  one  to  achieve
the  optimum  fit for the model,  while  penalizing  for  com-
plexity  (more  variables).  This  method  was  automated  using
SPSS  software  (IBM  statistics  SPSS  25).  The  adjusted  regres-
sion  coefficient  of  all  independent  variables  entered  into  the
multivariable  model  were displayed  (with  95%  confidence
intervals)  together  with  the  adjusted  R2 for each model,  to
indicate  the strength  of  the  model  in  explaining  the vari-
ability  in the dependent  variable.  A statistical  significance
of  �≤  0.05  was  used for the overall  model,  and  the  associ-
ation  between  independent  variables  within  the model  and
the  absolute  step  count.
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Results

Participants

From  the  146 participants,  11  were  excluded  because  of gaps
in  data  collection  (n  =  3) or  a  rehabilitation  period  of less
than  6 weeks  (n =  8).  Therefore  132 patients  (42%  females)
were  included  in the data  analysis.  The  mean  age  was  62
years  (standard  deviation:  10).  The  total  proportion  of  knee
and  hip  arthroplasty  was  equal  (50%  vs  50%).  Patients  took
anti-inflammatory  drugs  on  average  for  25  days  and  required
the  use  of crutches  for  31  days.  The  1  week  preoperative
and  3 month  postoperative  PROM  data  for each  surgery  and
gender  categories  are presented  in Table 1 and  Fig.  1. Data
for  the  PROM  were  significantly  improved  in each subgroup
at  3  months  post-surgery  compared  to  pre-surgery  (p < 0.05).

PA recovery

The  time  effect  for  PA,  i.e. the  mean  step count  per  week,
is  presented  in Table  2 and  illustrated  in Fig.  1.  All  patient
groups  presented  a  significant  reduction  in PA  during  the  first
weeks  compared  to  the  pre-operative  value.  Speed  of  PA
recovery  varied  between  groups,  as  illustrated  by  the  step
count  increase  per  week  (Fig.  1).

Starting  from  7  weeks  after  surgery,  PA values  were  sim-
ilar  to  pre-operative  PA  values.  However,  considering  the
wide  95%  CI  in the subgroups  (Table  2),  not  every  patient
recovered  to  their  pre-operative  activity  level.  Finally,  none
of  the  subgroups  showed  significant  additional  improvement
between  7 weeks  and  3  months  post-surgery.

Women  with  hip arthroplasty  were  the  most  sedentary
group  pre-operatively  (mean  [95%  confidence  interval]  step
count  of  3742  [2751,  4732]).  They presented  no  significant
difference  with  pre-operative  step  count  at week  3 post-
surgery,  with  no  additional  improvement  beyond  that  point.
Women  with  knee  arthroplasty  had the  slowest  recovery  (241
step  increase/week),  while  men  with  knee  and hip arthro-
plasty  respectively  reached  their  pre-operative  PA level  at
weeks  4 and  5  before  reaching  a plateau.

Predictors  of PA  recovery

Results  of  the stepwise  backward  regression  are presented  in
Table  3. For  the step count  at  3 and 6  weeks,  pre-operative
step  count, the  number  of  days  using  crutches  and the score
on  the  pre-operative  quality  of  life  subscale  on  the  PROM
explained  respectively  32  and  43%  of  the  variability.  For
the  step  count  at  week  11,  pre-operative  step  count, the
number  of  days  using  crutches  and  the score  on the  pre-
operative  symptoms  subscale  of  the PROM  explained  35%  of
the  variability.

The  pre-operative  step  count  variable  was  the strongest
predictor  at week  11  (26.6%)  while  the  pre-operative  symp-
toms  (change  in  R2: 5.2%)  and crutches  use  (change  in R2:
3.4%)  had  less weight  in  the model.

Age,  sub  group  (1---4),  symptoms,  pain,  activities  of  daily
living  (PROM)  and number  of  days  using  anti-inflammatory
drugs  were  not  significant  and therefore  not  included  in the
regression  model  (p  > 0.05).

Discussion

The  main  results  of  this study  were  that  individuals  post  TKA
and THA  recover  rapidly  to  their  pre-operative  PA levels  over
the  first  six weeks  after  surgery,  which  was  followed  by  a
plateau  until  the  end  of  the follow-up  period  at 3  months
post-surgery.  The  level  of  PA at 3 months  post-surgery  was
mostly  predicted  by  the  preoperative  PA level,  the  number
of  days  of  using  crutches  and the pre-operative  symptoms
as  measured  with  a PROM.

PA  recovery

We observed  a  fast  recovery  of PA in  the  first  weeks,  followed
by  a  steady  state  at the pre-operative  level  until  the end
of  the follow-up  period.  Function  and  pain  improved  over
time  from  the preoperative  levels  but  were not associated
to  PA increase.  Post-operative  PA recovery  varied  depend-
ing  on  gender  and  type  of  surgery.  Women  with  hip  surgery
recovered  faster  but  were  also  the most  sedentary  group
at  baseline.  Although  women  with  knee  surgery  didn’t  fully
recover  to their  pre-operative  PA  level,  there  was  no  signif-
icant  difference  between  step count  at 3 months  and the
preoperative  step count.  They recovered  at  a  slower  pace
and  exhibited  the  lowest  functional  score (PROMS)  after  3
months.  Those  results  suggest  that  this  patient  subpopu-
lation  could  benefit  from  better  guidance  in  the  recovery
process.

In our  sample,  the 7  week  time  point  appears  to  be  a
milestone  in  the  patient’s  recovery  process,  followed  by  a
steady  state.  Crizer  et al.22 also  observed  a  gradual  PA recov-
ery  for  patients  with  THA  and  TKA,  with  a slower  recovery
for  TKA.  Those  patients  regained  their  baseline  PA after 9
weeks22 while  patients  post-THA  recovered  to  their  base-
line  at  week  5.  The  faster  recovery  in our sample  could  be
partly  attributed  to  the tele-rehabilitation  program  and  the
PA  awareness  developed  by  the patients.29 But  in  the  cur-
rent  study,  a  control  group  with  standard  of  care  is lacking.
Our  sample  also  had  higher  baseline  PA than  in the study  by
Crizer  et al.22 with  a  PA  baseline  for  all  of  our  patients  at
4695  steps  while  their PA baseline  was  2682  steps  for  THA
and  1988  steps  for  TKA.

Self-reported  measurements  of pain  and  function
improved  significantly  post-surgery.  This  result  is  in agree-
ment  with  studies  on  the effectiveness  of arthroplasty  for
reducing  symptoms.15 But PA  did  not increase  relative  to
pre-operative  level.  Similar  findings  demonstrating  this dis-
association  have  been  demonstrated  in several  studies.30,31

PROM are central  to orthopedic  research,  clinical  practice
and  quality  control,32 But they  provide  only  one aspect  of
functional  recovery.  Other  objective  markers  of  successful
rehabilitation  are therefore  needed.  While  pre-operative  PA
level  could  be a good  indicator  of returning  to  normal  phys-
ical  habitus  after  surgery,  the  association  of  PA with  the
return  to  professional  and  recreational  activities,  patient
specific  goals33 and  participation  according  the  International
classification  of  Functioning,  Disability  and Health  need  to
be  addressed  in future  research.34,35
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Physical activity evolution and functional score
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Fig.  1  Physical  activity  progression  for  the  12  weeks  post-surgery  and  PROMs  scores  and  step  count  for  each  subgroup  before  and

3 months  after  surgery.  On  the  box  plot,  *  represents  statistically  significant  difference  with  pre-op  step  count.  On  the  radar  plot,

actual PROM  scores  are presented  for  each  time  while  step are  presented  in percentage  from  the  preoperative  step  count  (100%).
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Table  1  Participants.

Variables  Women/knee

arthroplasty

Women/hip

artroplasty

Men/knee

arthroplasty

Men/hip

arthroplasty

Number  of  subjects  32  24  34  42

Age 60  ±  11  64  ± 9  63  ±  9 62  ± 11

Number of

days  of

NSAID  use  29  ±  25  29  ± 42  28  ±  24  18  ± 24

Crutches use 32  ±  8  37  ± 19  24  ±  22  31  ± 19

Before

surgery

Step count  4609  ±  2229  3742  ± 2475  4777  ±  3960  5237  ± 2948

PROM Symptoms  53  ±  16  44  ± 16  58  ±  17  56  ± 21

PROM Pain  45  ±  12  45  ± 17  55  ±  20  51  ± 18

PROM ADL 51  ±  14 48  ± 17 61  ±  20  53  ± 17

PROM QoL 31  ±  13 34  ± 13 40  ±  18 41  ± 17

3 months

after  surgery

Step  count 4117  ±  1709 4865  ± 4130 5658  ±  3346 5780  ± 2305

PROM Symptoms  68  ±  14*  76  ± 16*  67  ±  16*  81  ± 16*

PROM Pain  70  ±  18*  78  ± 17*  79  ±  13*  84  ± 16*

PROM ADL 74  ±  14*  80  ± 15*  82  ±  13*  81  ± 17*

PROM QoL  51  ±  19*  57  ± 19*  61  ±  16*  70  ± 21*

Data are presented as mean ± standard deviation, PROM: patient-reported outcome measures, for hip arthroplasty (KOOS), for knee
arthroplasty (HOOS) (0---100 scale, higher scores indicating better function), ADL: activities of daily living, QoL: quality of life, SD:
standard deviation, * : statistical difference between before and after surgery (p < 0.05).

Predictors  of PA  recovery

Our  second  aim  was  to  explore  predictors  of  PA recovery
every  week  up  to  3 months  after  TKA and  THA. The  PA recov-
ery  at  3 and  6 weeks  could  be  predicted  by  preoperative
PA  level,  the  number  of  days  using  crutches  and the  pre-
operative  score  on  the quality  of life  subscale  of  the  PROM.
While  the  PA  at 3-months  could  be  predicted  mostly  by  the
preoperative  PA  level,  the number  of  days  using  crutches
and  the  pre-operative  score  on  the symptoms  subscale of
the  PROM.  At  week 11,  preoperative  PA  level is  the most
important  predictor.  It  means  that a higher  preoperative  PA
level,  less  days  using  crutches  and  less  preoperative  symp-
toms  predict  a  better  PA  outcome.

Twiggs  et  al.7 also  observed  a  relationship  between  the
physical  component  of the SF12 (SF12  PCS)  and  6  week  post-
operative  step  count  and  explained  75%  of  the  PA  level at 6
weeks  with  preoperative  step  count, gender  and  score  on
the  SF12  PCS.7 It means  that  such  PROM results  could  be
useful  in  the  step  count  target  in  rehabilitation.  However,
Crizer  et  al.22 observed  in  589  patients  that  lower  extremity
functional  scale  (LEFS)  scores  were  only  weakly  correlated
with  step  count  and  that  the correlation  became  increasingly
weak  with  time  after surgery,  with  no clear  correlation  at
12  weeks  postoperatively.22 This  lack  of correlation  between
preoperative  symptoms  and  PA  level observed  in our study
could  be  surprising.  Past experiences  with  illness,  personal-
ity,  coping  styles,  family  and  cultural  norms,  and  current
interpersonal  interactions  are examples  of factors  that
interact  to  influence  PA level.36 Surprisingly,  age was  not
retained  in  our  model  while  Toogood  et  al.  observed  an
age  effect  by  a  categorical  comparison  (<70  years  versus
>  70  years).37 This  discrepancy  could  be  explained  by  the
statistical  method  as  well  as  by  differences  in our  patient
sample.

The  number  of  days  using  crutches  seems  to  be associ-
ated  with  PA  and  could  represent  an objective  quantitative
measure  of  disability.  While  this assistive  technology  may  be

beneficial  for  individuals  with  OA, their  impact  on  mobility
and  community  participation  depend  on  the user’s  ability.38

Caution  is  needed  in the understanding  of  the  relation
between  PA  and  crutches  use,  because  of  its  potential
impact  on the accuracy  of the  activity  tracker,  which may
be  reduced  when using  crutches.39 However,  a  recent  study
on  step recording  validity  in  subjects  walking  with  crutches
reported  a  small bias,  unlikely  to  affect  our  study  results.40

Perspectives

Previous  research  observed  few  changes  in PA evolution  at
two  or  three  time  points  after  arthroplasty.8 In contrast,  a
few  recent  research  investigated  recovery  speed  and  found
different  results  regarding  pre-surgery  PA  level.6,7,22 Our
study  adds  more  information  in the  emerging  field  of  con-
tinuous  activity  monitoring.  Moreover,  it is  the first  study  to
provide  activity  data  from  patients,  which  performed  their
rehabilitation  through  a  telerehabilitation  application.  How-
ever,  as  we  did  not  have  a  control  group,  have  no  data  on
co-morbidities  and  functional  recovery,  it  is  not  possible  to
conclude  on  its  effectiveness  on  PA  change.

Our  results  provide  information  allowing  the develop-
ment  of  personalized  step  count  goals  for  patients,  based  on
their  pre-operative  activity  status  and  characteristics.  Step
count  is  not  a  new  marker,  but  its  accessibility  to  healthcare
providers  is  increasing.  The  relevance  of  this  measure  in  the
3  month  acute  phase  could  contribute  to  adapt  treatment
frequency  and intensity  in the recovery  of  pre-operative  PA
level.  The  use  of  relevant  and  objective,  continuous  or  high-
frequency  digital  measures  of  clinical  efficacy  and disability
(pain  severity,  PA,  sleep  quality,  activity  pattern,  etc.)  could
have  a positive  influence  on  the rehabilitation  protocols  and
lead  to  more  personalized  care.  Their potential  for  clinical
decision  making  in personalized  rehab  should  be evaluated
in  future  research.
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Table  2  Multiple  comparison  post  hoc  test  with  Holm-Sidak  - time  effect  across  category  based  on  gender  and  surgery  type.

All  Women/knee  arthroplasty  Women/hip  artroplasty  Men/knee  arthroplasty  Men/hip  arthroplasty

Number  of

subjects

132  32  24  34  42

Mean  95%  CI  Mean  95%  CI Mean  95%  CI  Mean  95%  CI Mean  95%  CI

Pre-op  step  count  4695  (4189,  5200)  4609  (3836,  5381)  3742  (2751,  4732)  4777  (3536,  6017)  5237  (4345,  6128)

Slope regression  :

Step  count

increase/week

365  (321,  408)  241  (187,  294)  288  (171,  404)  401  (315,  486)  474  (397,  550)

diff 95%  CI  diff  95%  CI diff  95%  CI  diff  95%  CI diff  (95%  CI)

Difference between  preoperative  level  and  week

1 −3082  (−2445,  −3515)  −2839  (−2033,  −3736)  −2136  (−965,  −3174)  −3040  (−1656,  −4423)  −3420  (−2579,  −4462)

2 −2675  (−1979,  −3162)  −2818  (−1975,  −3690)  −1829  (−472,  −3051)  −1932  (−384,  −3479)  −3248  (−2392,  −4305)

3 −2050  (−1276,  −2615)  −2305  (−1404,  −3233)  −1254  (−294,  −2668)  −1208  (550,  −2966)  −2592  (−1673,  −3712)

4 −1531  (−753,  −2110)  −1864  (−883,  −2872)  −858  (680,  −2262)  −712  (1025,  −2449)  −1874  (−985,  −3062)

5 −1126  (−323,  −1720)  −1380  (−339,  −2448)  −536  (1022,  −1962)  −401  (1405,  −2207)  −1455  (−510,  −2601)

6 −657  (−188,  1292)  −1315  (−364,  −2293)  −92  (1625,  −1677)  167  (2045,  −1711)  −743  (305,  −1993)

7 −443  (358,  −1091)  −1203  (−202,  −2232)  261  (2090,  −1434)  152  (1928,  −1624)  −421  (576,  −1620)

8 −59  (824,  −772)  −1152  (−124,  −2207)  −101  (1828,  −1896)  986  (2933,  −961)  341  (1429,  −947)

9 250  (1114,  −469)  −907  (−189,  −1831)  102  (2011,  −1673)  865  (2736,  −1006)  942  (2077,  −393)

10 270  (1178,  −421)  −733  (−41,  −1949)  521  (2521,  −1275)  1202  (3106,  −702)  624  (1781,  −653)

11 416  (1263,  −289)  −422  (500,  −1484)  1021  (3169,  −923)  881  (2683,  −921)  643  (1691,  −605)

Differences highlighted in bold  are the statistical significant difference with pre-op step count level. Negative difference means lower step count value than pre-op, positive difference
means higher step count value than pre-op. diff : mean difference with pre-op step count, 95% CI : confidence interval for difference.

3
6



Brazilian  Journal  of Physical  Therapy  25  (2021)  30---39

T
a
b

le

 

3

 

St
e
p
w

is
e

 

b
a
ck

w
a
rd

 

re
gr

e
ss

io
n
: 

a
d
ju

st
e
d

 

e
st

im
a
te

s 

(9
5
%

 

C
I)

 

o
f 

th
e

 

a
ss

o
ci

a
ti

o
n

 

b
e
tw

e
e
n

 

d
e
p
e
n
d
e
n
t 

va
ri

a
b
le

s 

a
n
d

 

p
h
ys

ic
a
l 

a
ct

iv
it

y 

le
ve

l 

p
o
st

 

a
rt

h
ro

p
la

st
y.

P
R

O
M

 

p
re

-o
p

 

B
e
h
a
vi

o
r 

PA
A

d
ju

st
e
d

 

R
2

(p
-v

a
lu

e
)

O
u
tc

o
m

e

 

(P
A

) 

A
ge

 

C
a
te

go
ry

 

Sy
m

p
to

m
s 

P
a
in

 

A
D

L

 

Q
o
L

 

N
SA

ID

 

u
se

 

C
ru

tc
h
e
s 

u
se

 

St
e
p
s 

p
re

-o
p

St
e
p

 

co
u
n
t

w
e
e
k  

3

n
a

 

n
a

 

n
a

 

n
a

 

n
a

 

3
2
.1

 

(6
.4

, 

4
7
.7

)

(p

 

=

 

0
.0

1
5
)

n
a

 

−
3
0
.4

 

(−
4
9
.5

,

−
1
1
.3

)  

(p

 

=

 

0
.0

0
2
)

0
.3

1

 

(0
.1

7
, 

0
.4

4
)

(p

 

<

 

0
.0

0
1
)

0
.3

2
4

 

(p

 

=

 

0
.0

1
5
)

St
e
p

 

co
u
n
t

w
e
e
k  

6

n
a

 

n
a

 

n
a

 

n
a

 

n
a

 

4
9
.9

 

(1
4
.8

, 

7
3
.2

)

(p

 

=

 

0
.0

0
4
)

n
a

 

−
4
3
.9

 

(−
6
5
.7

,

−
2
2
.1

)  

(p

 

<

 

0
.0

0
1
)

0
.4

5

 

(0
.2

9
, 

0
.6

0
)

(p

 

<

 

0
.0

0
1
)

0
.4

3
1

 

(p

 

=

 

0
.0

0
4
)

St
e
p

 

co
u
n
t

w
e
e
k  

1
1

n
a

 

n
a

 

3
2
.3

 

(2
.8

, 

6
1
.7

)

(p

 

=

 

0
.0

3
2
)

n
a

 

n
a

 

n
a

 

n
a

 

−
2
8
.9

 

(−
5
5
.6

,

−
2
.3

)  

(p

 

=

 

0
.0

3
4
)

0
.5

1
 

(0
.3

2
, 

0
.6

9
)

(p
 

<
 

0
.0

0
1
)

0
.3

5
2

 

(p

 

=

 

0
.0

3
4
)

p
re

-o
p

 

: 

p
re

 

o
p
e
ra

ti
ve

, 

A
D

L 

: 

a
ct

iv
it

ie
s 

o
f 

d
a
il

y 

li
vi

n
g 

(P
R

O
M

S)
, 

Q
o
L 

: 

Q
u
a
li

ty

 

o
f 

li
fe

 

(P
R

O
M

S)
, 

N
SA

ID

 

: 

n
o
n
-s

te
ro

id
a
l 

a
n
ti

-i
n
fl

a
m

m
a
to

ry
 

d
ru

g,

 

PA

 

: 

p
h
ys

ic
a
l 

a
ct

iv
it

y 

(s
te

p
co

u
n
t)

, 

n
a

 

: 

n
o

a
ss

o
ci

a
ti

o
n
.

Measurement  of  PA level  at  further  time  points  may  prove
informative.  Indeed,  in  our sample,  the  PA  level  was  low in
comparison  to  healthy  individuals  and  PA  guidelines.41 The
main  goal  of  surgery  is  pain  relief, but  expectations  in a
public  health perspective  could  be to  increase  PA  level  in
the  long  term.  Attention  to  social  and community  partic-
ipation,  in the context  of  a multidisciplinary  approach  to
post-operative  care,  could  be paramount  in improving  PA.34

Furthermore,  the device  used in  our  study  provides  the
patient  feedback  on  their  activity  level  and  allow  a compar-
ison  with  their  pre-operative  PA level.  This  technology  will
allow  to  define  patient-specific  step  goals  to  reach  in  the
post-operative  period  and assess  their  clinical  utility  in  PA
improvement  in future  studies.29

Limitations

Our  study  has  some  limitations.  First,  we  did not  control  for
comorbidities,  BMI  or  social  support  which  could  influence
PA21 and  we  lacked  information  such as  the pre-operative
use  of  crutches  or  working  status.  Secondly,  we  reach  the
conclusion  that  PA  is  unchanged  from  the pre-operative
situation  at  3  months,  but  changes  to  PA are difficult  to
detect42 and  depend  on  the outcome  measure.  An  increase
in  PA would  require  6---12 months  to  be clearly  highlighted.42

Moreover,  the  variability  of  the step  count  estimates  in our
sample  limit  the interpretation.  Considering  that  a whole
subgroup  recovered  their  pre-operative  PA  level  at week  11
could  be a mistake  as  the  confidence  intervals  are  wide.
We  also  compared  our  results  with  other  studies  but  com-
parison  with  other  studies  is difficult  as  the step tracking
method  differ.  Indeed,  our  fitness  tracker  (Nokia®Go)  has  an
excellent  agreement  with  the  reference  device  in a  walking
task  but  systematically  underestimates  step count  in com-
parison  to  the  Actigraph  wGT3X-BT  in a free  living  task  (41%
difference).27

Conclusion

In conclusion,  our  patient  population  receiving  telereha-
bilitation  reached  their  pre-operative  PA  level at 7-week
post-surgery  and subsequently  maintained  a steady  state
until  3  months  post-surgery.  Women  with  knee arthroplasty
recovered  slower and  experienced  more  pain  and symptoms.
The  PA level  at 3 months  could  be moderately  predicted  by
pre-operative  step count, duration  of using  crutches  post-
surgery,  and  pre-operative  symptoms  level.

Acknowledgements

We  wish  to  express  our  gratitude  to Kerensa  Tiberghien  and
Maxime  Valet  for  their  help  in  data  processing,  and  Julie
Lamsens  for proofreading  this  document.

References

1. Orthopride [cited 2018; Available from: Belgian hip and

knee arthroplasty registry anual report;  2016 https://www.
sorbcot.be/attachments/article/223/Orthopride Annual
Report 2016%20final.pdf.

37

https://www.sorbcot.be/attachments/article/223/Orthopride_Annual_Report_2016 final.pdf
https://www.sorbcot.be/attachments/article/223/Orthopride_Annual_Report_2016 final.pdf
https://www.sorbcot.be/attachments/article/223/Orthopride_Annual_Report_2016 final.pdf


J.  Lebleu,  H.  Poilvache,  P.  Mahaudens  et  al.

2. Kurtz SM, Ong KL, Lau E, et al. Impact of  the economic
downturn on  total joint replacement demand in the United
States: Updated projections to 2021. J  Bone Joint Surg Am.
2014;96(8):624---630.

3. Kurtz S, Ong KL, Lau E, et al. Projections of primary and revision
hip and knee arthroplasty in the United States from 2005 to
2030. J  Bone Joint Surg Am.  2007;89(4):780---785.

4. Garfield V, Llewellyn CH, Kumari M. The relationship between
physical activity, sleep duration and depressive symptoms in
older adults: The English Longitudinal Study of Ageing (ELSA).
Prev Med Rep. 2016;4:512---516.

5. Kohl HW, Craig CL, Lambert EV, et al. The pandemic of
physical inactivity: Global action for public health. Lancet.
2012;380(9838):294---305.

6. Schotanus MGM, Bemelmans YFL, Grimm B, et  al.  Physical
activity after outpatient surgery and enhanced recovery for
total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc.
2017;25(11):3366---3371.

7. Twiggs J, Salmon L, Kolos E, et al. Measurement of physical
activity in the pre- and early post-operative period after total
knee arthroplasty for Osteoarthritis using a Fitbit Flex device.
Med Eng Phys. 2018;51:31---40.

8. Arnold JB, Walters JL, Ferrar KE. Does physical activity increase
after total hip or knee arthroplasty for osteoarthritis? A
systematic review. J  Orthop Sports Phys Ther.  2016;46(6):
431---442.

9. Umehara T,  Tanaka R. Effective exercise intervention period
for improving body function or activity in patients with
knee osteoarthritis undergoing total knee arthroplasty: A
systematic review and meta-analysis. Braz J Phys Ther.
2018;22(4):265---275.

10. Paxton RJ, Melanson EL, Stevens-Lapsley JE, et  al. Physical
activity after total knee arthroplasty: A critical review. World

J Orthop.  2015;6(8):614---622.
11. Baecke JA, Burema J, Frijters JE. A short questionnaire for the

measurement of  habitual physical activity in epidemiological
studies. Am J Clin Nutr.  1982;36(5):936---942.

12. Shephard RJ. Limits to the measurement of  habitual
physical activity by questionnaires. Br J  Sports Med.
2003;37(3):197---206.

13. Ainsworth BE. How do I  measure physical activity in my
patients? Questionnaires and objective methods. Br J  Sports

Med. 2009;43(1):6---9.
14. Troiano RP,  McClain JJ, Brychta RJ, et al. Evolution of

accelerometer methods for physical activity research. Br J

Sports Med.  2014;48(13):1019---1023.
15. Ferket BS,  Feldman Z, Zhou J,  et al. Impact of  total knee

replacement practice: Cost effectiveness analysis of data from
the Osteoarthritis Initiative. BMJ. 2017;356:j1131.

16. Bennell KL, Nelligan R, Dobson F,  et al. Effectiveness of
an  internet-delivered exercise and pain-coping skills training
intervention for persons with chronic knee pain: A randomized
trial. Ann Intern Med.  2017;166(7):453---462.

17. Tousignant M, Moffet H, Nadeau S, et al. Is telerehabilitation an
adequate economic alternative to conventional rehabilitation?
Physiotherapy. 2015;101:e1528.

18. Cottrell MA, Galea OA, O’Leary SP, et al. Real-time telere-
habilitation for the treatment of musculoskeletal conditions
is effective and comparable to standard practice: A sys-
tematic review and meta-analysis. Clin Rehabil. 2016;31(5):
625---638.

19. Hoogland J, Wijnen A, Munsterman T, et  al. Feasibility
and patient experience of  a home-based rehabilitation pro-
gram driven by a tablet app and mobility monitoring for
patients after a total hip arthroplasty. JMIR Mhealth Uhealth.
2019;7(1):e10342.

20. Veenhof C, Huisman PA,  Barten JA, et al. Factors associ-
ated with physical activity in patients with osteoarthritis

of the hip or knee: A systematic review. Osteoarthr Cartil.
2012;20(1):6---12.

21. Stubbs B, Hurley M, Smith T. What are the factors that influ-
ence physical activity participation in adults with knee and hip
osteoarthritis? A  systematic review of physical activity corre-
lates. Clin Rehabil. 2015;29(1):80---94.

22. Crizer MP, Kazarian GS, Fleischman AN, et al. Step-
ping toward objective outcomes: A prospective analysis of
step count after total joint arthroplasty. J  Arthroplasty.
2017;32(9s):S162---s165.

23. RIZIV, 30 july 2019]; Available from: Mobile Health dans

le cadre du  Plan d’actions e-santé : Projets pilotes; 2018
https://www.riziv.fgov.be/SiteCollectionDocuments/mobile
health esante 24projets.pdf.

24.  Tudor-Locke C, Burkett L,  Reis JP, et al. How many days
of pedometer monitoring predict weekly physical activity in
adults? Prev Med. 2005;40(3):293---298.

25. Questionnaires, user’s guide and scoring files. 8 may 2019];
Available from: http://www.koos.nu/.

26. Matthews CE, Hagströmer M,  Pober DM, et  al. Best Prac-
tices for using physical activity monitors in pOPULATION-bASED
Research. Med Sci  Sports Exerc. 2012;44(1 Suppl):S68---S76.

27. Lebleu J, Detrembleur C, Guebels C, et al. Concurrent validity
of Nokia Go activity tracker in  walking and free-living condi-
tions. J  Eval Clin Pract. 2019;0(0).

28. FrekE MD, Crossley KM, Russell T, et  al. Associations between
type and severity of hip pathology with pre-operative
patient reported outcome measures. Braz J  Phys Ther.
2018;23(5):402---411.

29. Van der Walt  N, Salmon LJ, Gooden B, et al. Feedback from
activity trackers improves daily step count after knee and hip
arthroplasty: A randomized controlled trial. J  Arthroplasty.
2018;33(11):3422---3428.

30. Kahn TL, Schwarzkopf R.  Does total knee arthroplasty affect
physical activity levels? Data from the osteoarthritis initiative.
J Arthroplasty. 2015;30(9):1521---1525.

31. Harding P, Holland AE, Delany C, et al. Do activity levels
increase after total hip and knee arthroplasty? Clin Orthop

Relat Res. 2014;472(5):1502---1511.
32. Gagnier JJ. Patient reported outcomes in orthopaedics. J

Orthop Res.  2017;35(10):2098---2108.
33. Berghmans DD, Lenssen AF,  van Rhijn LW, et al. The patient-

specific functional scale: Its  reliability and responsiveness in
patients undergoing a total knee arthroplasty. J Orthop Sports

Phys Ther.  2015;45(7):550---556.
34. Davis AM, Perruccio AV, Ibrahim S, et  al. The trajectory of

recovery and the inter-relationships of symptoms, activity and
participation in the first year following total hip and knee
replacement. Osteoarthr Cartil. 2011;19(12):1413---1421.

35. Pisoni C, Giardini A, Majani G, et  al. International Clas-
sification of Functioning, Disability and Health (ICF) core
sets for osteoarthritis. A useful tool in the follow-up of
patients after joint arthroplasty. Eur J  Phys Rehabil Med.
2008;44(4):377---385.

36. Institute of  Medicine (US) Committee on Pain, D., and Chronic
Illness Behavior; Editors: Marian Osterweis, Arthur Kleinman,
and David Mechanic., Illness Behavior and the Experience of
Pain, in Pain and Disability : Clinical, Behavioral, and Pub-
lic Policy perspectives. 1987, National Academies Press (US):
Washington (DC).

37. Toogood PA,  Abdel MP, Spear JA, et  al. The monitoring of
activity at home after total hip arthroplasty. Bone Joint J.
2016;98-b(11):1450---1454.

38. Bertrand K, Raymond MH, Miller WC, et al. Walking aids for
enabling activity and participation: A  systematic review. Am  J

Phys Med Rehabil. 2017;96(12):894---903.
39. van Laarhoven SN, Lipperts M, Bolink SA, et al. Valida-

tion of a novel activity monitor in impaired, slow-walking,

38

http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0010
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0015
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0020
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0025
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0030
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0035
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0040
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0045
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0050
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0055
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0060
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0065
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0070
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0075
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0080
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0085
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0090
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0095
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0100
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0105
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0110
https://www.riziv.fgov.be/SiteCollectionDocuments/mobile_health_esante_24projets.pdf
https://www.riziv.fgov.be/SiteCollectionDocuments/mobile_health_esante_24projets.pdf
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0120
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0130
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0135
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0140
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0145
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0150
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0155
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0160
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0165
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0170
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0175
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0185
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0190
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195


Brazilian  Journal  of Physical  Therapy  25  (2021)  30---39

crutch-supported patients. Ann Phys Rehabil Med. 2016;59(5-
6):308---313.

40. De Ridder R,  De Blaiser C. Activity trackers are not valid for step
count registration when walking with crutches. Gait Posture.
2019;70:30---32.

41. Organization WH. Global recommendations on physical activity
for health. Geneva.  2010.

42. Mills K, Falchi B, Duckett C, et al. Minimal change in physical
activity after lower limb joint arthroplasty, but the outcome
measure may be contributing to the problem: A systematic
review and meta-analysis. Physiotherapy.  2018;105(1):35---45.

39

http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0195
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0200
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0205
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210
http://refhub.elsevier.com/S1413-3555(19)30199-6/sbref0210

	Predicting physical activity recovery after hip and knee arthroplasty? A longitudinal cohort study
	Introduction
	Methods
	Study design
	Setting
	Participants
	Variables
	Data sources/measurement
	Rehabilitation program
	Statistical methods

	Results
	Participants
	PA recovery
	Predictors of PA recovery

	Discussion
	PA recovery
	Predictors of PA recovery
	Perspectives
	Limitations
	Conclusion

	Acknowledgements
	References


