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Abstract

Introduction:  The  most  common  cause  of  osteoarthritis  of  the ankle  is  post-traumatic,  and
although  tibiotalar  arthrodesis  remains  the surgical  gold  standard,  a  number  of  techniques
have been  described  to  preserve  joint  mobility,  such  as joint  distraction  arthroplasty  or  arthro-
diastasis.
Objective: To  evaluate  the  functional  outcome  and  changes  in Visual  Analog  Scale  (VAS)  for  pain
after the  application  of  the  distraction  arthroplasty  for  post-traumatic  ankle  osteoarthritis.
Patients  and methods: A  prospective  comparative  study  of  a  group  of  10  young  patients  with
post-traumatic  ankle  osteoarthritis  treated  by  synovectomy  and  arthrodiastasis,  compared  to
a control  group  of  10  patients  treated  by  isolated  synovectomy.  Results  were  calculated  using
the AOFAS  scale  and  the  VAS  for  pain  before  and  after  treatment.
Results:  As  regards  the pain  measured  by  VAS,  no  difference  was  observed  between  the  two
groups before  surgery  (P = .99),  but  there  was  a  difference  at 3 months  (P < .001),  6 months
(P = .005),  and  12  months  (P  =  .006).  No  differences  were  observed  in the  AOFAS  scale  between
the two  groups  before  surgery  (P  =  .99),  or  at 3 months  (P  <  .99),  but  there  was  a  difference  at
6 months  (P  <  .001).
Conclusions:  Ankle  arthrodiastasis  is effective  in reducing  pain  in  post-traumatic  ankle
arthropathy,  and  is superior  to  isolated  synovectomy.
© 2013  SECOT.  Published  by  Elsevier  España,  S.L.  All rights  reserved.
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Resultados  de la  artrodiastasis  en  la artropatía  postraumática  de tobillo  en  población

joven:  estudio  prospectivo  comparativo

Resumen

Introducción:  La  causa  más  frecuente  de la  artrosis  de tobillo  en  nuestro  medio  es  pos-
traumática  y,  aunque  la  artrodesis  tibioastragalina  sigue  siendo  el  tratamiento  quirúrgico  de
elección, se  han  descrito  numerosas  técnicas  que  preservan  la  movilidad  articular,  como  la
distracción  articular.
Objetivo:  Evaluar  el  resultado  funcional  y  los  cambios  en  la  escala  visual  analógica  (EVA)  para
el dolor  tras  la  aplicación  de la  artrodiastasis  en  la  artropatía  postraumática  de tobillo.
Pacientes  y  métodos: Estudio  prospectivo  comparativo  de un grupo  de 10  pacientes  jóvenes  con
artrosis postraumática  de  tobillo  tratados  con  sinovectomía  +  artrodiastasis,  frente  a  un  grupo
control  tratado  con  sinovectomía  aislada.  Se  calcularon  los  resultados  de las  escalas  AOFAS  y
EVA para  el dolor,  antes  y  después  del  tratamiento.
Resultados:  Respecto  al  dolor  medido  por  la  EVA,  no se  observó  diferencia  precirugía  entre
ambos grupos  (p  = 0,99),  pero  sí  a  los 3  meses  (p  < 0,001),  a  los  6  meses  (p  =  0,005)  y  a  los  12
meses (p  =  0,006).  Respecto  a  la  escala  AOFAS,  no se  observó  diferencia  precirugía  entre  ambos
grupos (p  = 0,99),  ni a  los  3 meses  (p  < 0,99),  pero  sí  a  los  6  meses  (p  <  0,001).
Conclusiones:  La  artrodiastasis  de  tobillo  resulta  eficaz  en  la  disminución  del dolor  en  la
artropatía  postraumática  de tobillo  y  es  superior  a  la  sinovectomía  aislada.
© 2013  SECOT.  Publicado  por  Elsevier  España,  S.L.  Todos  los  derechos  reservados.

Introduction

The  ankle  joint  supports  the  greatest  load  per  unit  area  in
the  whole  organism,  and  is  the most  often  injured.  However,
symptomatic  osteoarthritis  of  this joint  is  not  as  clini-
cally  prevalent  compared  to  other  joints  supporting  load.1,2

The  true  prevalence  of  ankle  osteoarthritis  is  difficult
to  determine  given  its  considerable  clinical-radiographic
variability1,3:  radiographic,  clinical  and  cadaver  studies  sug-
gest  that  it  is  less  common than  in  the knee  and  hip,  and,
in  clinical  practice,  symptomatic  gonarthrosis  is  8---9  times
more  common  than symptomatic  ankle  osteoarthritis.  Total
knee  arthroplasties  are  approximately  24  times  more  com-
mon  than  ankle  arthrodesis  and  arthroplasty  procedures
combined.1 Nevertheless,  the late  developmental  stages
of  ankle  osteoarthritis  are very  disabling  and can  cause
the  same  effects  on  quality  of life  as  severe  coxarthrosis.4

The  most  common  cause  of  ankle  osteoarthritis  is  trauma,
responsible  for  70%  of  cases,3 caused  by  intra-articular
fractures  or  secondary  to  unresolved  chronic  instability.
Tibiotalar  arthrodesis  is  currently  the surgical  technique
of  choice.5 However,  altered  gait  pattern,  overload  of
neighboring  joints,6---9 and  the  rate  of pseudoarthrosis  (or
nonunion)  (5---35%)  make  this  a  less  appropriate  option for
young  and active  patients.9---14 Moreover,  total  ankle  arthro-
plasty  offers,  at least theoretically,  certain  advantages  over
arthrodesis.15,16 Unfortunately,  some  concerns  about the
wear  and  long-term  survival  of the implant  have  led this
procedure  to be  carried out in very  selected  cases.17,18

In the absence  of  encouraging  long-term  results  of
total  ankle  arthroplasty  procedures  in young  and  active
patients,  multiple  techniques  following  the philosophy  of
joint  preservation19 have  been  described  for  these  patients
with  high  functional  requirements  who  do  not  wish  to
undergo  arthrodesis  on  their  ankle.  Joint  distraction  or
arthrodiastasis  is  one  of  these  techniques.

Joint  distraction  arthroplasty  or  arthrodiastasis  is  not a
new  method  in the  treatment  of  ankle  osteoarthritis.20 Judet
developed  it for this joint  in the 70s,  following  the posi-
tive  initial  results  obtained  in  the hip.20 The  technique  was
revived  later,  based  on  the  studies  by  van  Valburg  et al.,21,22

who  obtained  satisfactory,  medium-term  results.
There  are many  theories  that explain  the beneficial

effect  of  joint distraction  on  the tibiotalar  cartilage;  intraar-
ticular  pressure  variations  produced  by  cyclic  partial  load
appear  to  promote  reparative  phenomena  in  the cartilage,23

which  are  also  favored  by  the tibiotalar  movement  allowed
by  articulated  external  fixation.  Furthermore,  it has been
reported  that  subchondral  sclerosis  decreases  during  dis-
traction,  as  mechanical  stress  on  the cartilage  during  load  is
reduced.24---26 Our  working  hypothesis  was  to  assess  whether
arthrodiastasis  is a valid  treatment  alternative  for  posttrau-
matic  ankle  arthropathy,  evaluating  the functional  outcome
and  the degree  of  pain  in 10  young  patients  undergoing  syn-
ovectomy,  debridement  and  arthrodiastasis,  compared  to
another  group  of 10  patients  treated  only  by  synovectomy
and  debridement.

Patients and methods

This  was  a prospective  comparative  study  of  2  groups  of
young  patients  suffering  posttraumatic  ankle  osteoarthri-
tis  who  underwent  surgery  in the period  between  July  2010
and  October  2012.  The  inclusion  criteria  were: symptomatic
posttraumatic  osteoarthritis  in stage  2  or  less  according  to
the  van  Dijk  classification27 (Table  1), pain  level  greater
than  5  on  a visual  analog  scale  (VAS),  failure  to  control  pain
with  powerful  pain  medication  (third  analgesic  step of  the
WHO),  signing  of  the corresponding  informed  consent  form
for  surgery  and  absence  of  contraindications  for  arthrodias-
tasis  (Table  2).
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Table  1  Van  Dijk  radiographic  classification  of  ankle
osteoarthritis.

Grade  0:  none,  normal  or subchondral  sclerosis
Grade  1:  mild,  osteophytosis  without  joint  impingement
Grade  2:  moderate,  joint  impingement  with/without

osteophytosis
Grade  3:  severe,  total  or  subtotal  disappearance  or

deformation  of  the interline

Table  2  Contraindications  for  joint  distraction.

Active  infection
High  comorbidity  for  surgery
Severe  osteoporosis
Peripheral  vascular  disease  and/or  neuroarthropathy
Psychiatric
Unresolved  limb  malalignment
Large deformities  or  incongruences
Physiological  arthrodesis

The  distribution  of  patients  into  each  group  was  car-
ried  out  after  rejection  of tibiotalar  arthrodesis  (which
was  the  first  choice  for  young  patients  in our  center)  and
after  informing  patients  of  the  therapeutic  options  avail-
able:  joint  debridement  +  synovectomy  plus application  of
an  external  fixator  or  else  only debridement  + synovectomy.

The first  group,  or  ‘‘arthrodiastasis  group’’,  included  10
patients  (8  females  and  2  males).  The  mean  age  was  35.7
years  (range:  22---47  years)  and  the  mean  follow-up  period
was  19.6  months  (range:  6---33 months).

The  second  group,  or  ‘‘synovectomy  group’’,  included  10
patients  (5  females  and  5  males).  The  mean  age  at the time
of  inclusion  in the  study  was  36.5  years  (range:  23---47  years)
and  the  mean  follow-up  period  was  also  19.6  months  (range:
6---33  months).

Tables  3 and  4 reflect  the  diagnoses,  previous  surgeries,
degree  of  osteoarthritis  and other  characteristics  of  both
groups.

Surgical  technique

All  surgeries  were  performed  by  the same  surgeon  (MHP)  in
2  different  centers.  All operations  were  performed  under
spinal  anesthesia,  antibiotic  prophylaxis  (intravenous  cefa-
zolin  2  g)  and  preventive  lower  limb  ischemia.

With  the  patient  in the supine  position,  in the
‘‘arthrodiastasis  group’’  we  conducted  the first  stage  on
the  joint  through  anteromedial  miniarthromy  (7  cases)
or  standard  arthroscopic  approach  (3 cases),  performing

Figure  1 Joint  distraction  with  an  articulated,  unilateral,
external  fixator.

microfracture  techniques  on  exposed  cartilage  areas  (grade
IV  chondropathy),  synovectomy,  anterior  cheilectomy  (7
cases)  and extraction  of loose  bodies  plus profuse  joint
lavage  with  saline  solution.  Subsequently,  we  applied  the
external  fixator  (XCaliber,  Orthofix®)  using  3  proximal  and
2 distal  tibial  nails  (1 in  the  talus  and  1 in  the calcaneus)
(Fig.  1).

After  successful  placement  of  the  nails  we  proceeded  to
progressive  and  calibrated  distraction  of  5 mm  under  flu-
oroscopic  control,  as  reported  by  van  Valburg  et al.,21,22

who  described  the surgical  standard  of  this  technique  and
advocated  maintaining  the  fixator  for at least  3 months
(according  to  these  authors,  chondrocytes  require  12---20
weeks  discharge  to  be able  to  regenerate  the  cartilage
matrix).  The  articulated  piece  was  left  totally  free  from  the
beginning,  in  order  to  allow  tibiotalar  mobility.  In  the  sec-
ond  group  we  only applied  the  articular  procedure  (6  open
and  4  arthroscopic  synovectomies).

All  patients  were  administered  low  molecular  weight
heparin  and  were  discharged  after  24---48  h. In  the
‘‘arthrodiastasis  group’’,  prior  to  discharge  we  ensured  that
the  articulated  piece  allowed  free  tibiotalar  mobility.  The
procedures  associated  in the  ‘‘arthrodiastasis  group’’  were:
Strayer  procedure  (isolated  lengthening  of  the gastrocne-
mius  at the  level  of  the myotendinous  junction)  in  2  cases
and  lengthening  of the Achilles  tendon  in 2 cases;  in  the

Table  3  Clinical  and  demographic  characteristics  according  to  the  type  of  treatment.

Arthrodiastasis  n  =  10  Synovectomy  n  =  10  Value  of  P

Age,  years  35.70  ±  8.31  36.50  ± 8.12  .83
Gender (female).  n  (%)  8 (80%)  5  (50%)  .35
Follow-up period,  months  19.60  ±  9.38  19.60  ± 9.08
Level of  osteoarthritis,  1/2  2/8  3/7
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Table  4  Characteristics  of  patients.

Patient  Gender  Age,  years  Diagnosis  Previous  surgery  Level  of  osteoarthritis

Arthrodiastasis

1  Male  43  AFD OTS,  EOM  2
2 Female  41  AFD OTS,  EOM  2
3 Female  47  ERPF  OTS,  EOM,  MA 2
4 Female  37  ERSF  OTS,  AAS  2
5 Female  36  AFD OTS,  EOM,  AAS,  STA  1
6 Female  35  TPF OTS,  AAS,  MA, STA 2
7 Female  43  ERPF  OTS,  AAS  2
8 Female  27  ERSF  OTS  2
9 Female  26  TPF OTS,  AAS  1
10 Male  22  TPF OTS,  TOT 2

Synovectomy

11 Male  23  AFD OTS,  AAS  2
12 Male  46  AFD OTS,  AAS  2
13 Male  37  AFD OTS  2
14 Male  32  ERPF  OTS,  MA,  STA  2
15 Female  47  ERSF  OTS,  EOM,  AAS,  STA  2
16 Female  25  TPF OTS,  AAS  1
17 Female  38  TPF OTS,  EOM,  AAS,  STA  2
18 Female  41  ERSF  OTS  1
19 Male  34  ERSF  OTS,  MA,  STA  1
20 Female  42  ERPF  OTS,  EOM  2

AAS: arthroscopic ankle surgery; AFD: ankle fracture-dislocation; EOM: extraction of osteosynthesis material; ERPF: external rotation-
pronation fracture; ERSF: external rotation-supination fracture; MA: mobilization under anesthesia; OTS: osteosynthesis; STA: Strayer;
TOT: tibial osteotomy; TPF: tibial pilon fracture.

‘‘synovectomy  group’’  we  performed  2  Strayer  procedures
and  1  lengthening  of the  Achilles  tendon.

Assessment  of  patients

Before  surgery  we  recorded  the  result  in  the AOFAS  scale
for  the  ankle  and  pain  intensity  on  the VAS  for  all  patients.
After  surgery  we recorded  the result  in the AOFAS  question-
naire  at  3  and  6 months  and the VAS  score  at 3, 6  and 12
months.  In  both  groups,  the  first  cure  took  place  after 5  days
and  subsequently  in the  corresponding  health center,  remov-
ing  the  stitches  at  2  weeks.  In the ‘‘arthrodiastasis  group’’,
we  insisted  on  an  exquisite  care of  the nails  with  diluted
hydrogen  peroxide  as  advocated  by other  authors.20 All
arthrodiastasis  patients  initiated  partial  load  with  crutches
(20  kg)  at  10  days  after  surgery  and rehabilitation  at 2 weeks.
Full  load  was  allowed  at 4 weeks,  although  the use  of at least
1  crutch  in  the  contralateral  side  was  recommended.  In the
‘‘synovectomy  group’’,  partial load  was  also  started  at 10
days  and  total  load  at 4  weeks  after the  procedure.  Radio-
graphs  were  obtained  at 6  weeks  and  at 3, 6 and  12  months
of  evolution  in all  cases,  except  for  the  last  2  (intervened  in
October  2012).

Statistical  analysis

We  used  the  software  package  SPSS® for Windows® version
14.0  (SPSS  Inc.,  Chicago,  IL,  USA)  for  the  descriptive  statis-
tical  study.

The results  of  the  categorical  variables  were  expressed  as
frequencies  and  percentages,  while  quantitative  variables
were  expressed  as  means  and standard  deviations.  Compar-
isons  of  proportions  were  performed  using  the Chi-square  or
Fisher’s  exact  tests,  as  appropriate.  Comparisons  of  means
between  treatments  for  age  and  follow-up  time  were per-
formed  with  Student’s  t  test. Verifications  of  normality  for
age,  follow-up  time,  VAS  scores  and AOFAS  scores  within
each  group  were performed  using the Kolmogorov---Smirnov
test.  Due  to  its lack  of normality,  the VAS  variable  was  trans-
formed  with  logarithms.  Comparisons  between  treatments
(arthrodiastasis/synovectomy)  between  the study  periods
(pretreatment,  3, 6 and  12  months)  and  AOFAS  scale  scores
(pretreatment,  3 and 6  months)  were performed  using
repeated  measures  ANOVA.  Comparisons  of  means  a poste-
riori  were  performed  with  the Scheffé  test.

Results

Regarding  the  demographic  and  clinical  characteristics  of
patients,  there  were  no  significant  differences  in  age,  gen-
der,  follow-up  or  degree  of osteoarthritis  (the  majority  of
cases  were  van  Dijk  level 2)  (Table 3).  Regarding  the inten-
sity  of  pain  as  measured  by  VAS,  there  was  a  significant
interaction  between  the  type  of treatment  and measur-
ing periods (F3.54 = 19.6;  P  <  .001).  We  found  no  difference
between  both  types  of  treatment  preoperatively  (P  =  0.99),
but  we did find  it  at 3 months  (P < .001),  6  months  (P  =  .005)
and  12  months  (P  =  .006)  (Fig.  2).  Thus,  the VAS  result  at 1
year  decreased  by  a mean  total  of  2.3  points  in over  70%  of
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Figure  2  Comparisons  between  treatments  over  time  for  the
VAS scale.
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Figure  3  Comparisons  between  treatments  for  the  AOFAS
scale.

patients  in  the  ‘‘arthrodiastasis  group’’  compared  to  a  mean
increase  of  3.8 points  in the  ‘‘synovectomy  group’’.

Regarding  the clinical  outcomes  recorded  through  the
AOFAS  scale,  the  interaction  between  type  of  treatment  and
measurement  periods  was  significant  (F2.36 =  29.0;  P < .001).
There  was  no  difference  between  both  types  of  treatment
preoperatively  (P  =  .99)  or  at  3 months  (P  <  .99),  but  it was
observed  at  6  months  (P < .001)  (Fig.  3).

We  only  registered  5  complications  in our  series:  2 intol-
erances  to  nails,  1  type  I reflex  sympathetic  dystrophy
syndrome  in  the  ‘‘arthrodiastasis  group’’  (of  these,  1  case
of  intolerance  led  to  removal  of  the nails  before  3 months
while  the  rest  of  patients  evolved  favorably)  and  2  partial
wound  dehiscences  in  the  ‘‘synovectomy  group’’,  with  no
impact  on  the final  results.

In  the  ‘‘arthrodiastasis  group’’,  8  patients  were  clinically
stabilized,  while  the remaining  2 presented  poor outcomes
(worse  results  on  the  AOFAS  and  VAS  scales)  and  required
arthrodesis  (tibiotalar  in one  case  and  tibiotalocalcaneal  in
the  other).

In  the  ‘‘synovectomy  group’’,  3  cases were  stabilized
and  7  patients  evolved  unfavorably:  5 required  tibiotalar
arthrodesis,  1 patient  underwent  implantation  of  an ankle

prosthesis  and  1 case  was  treated  at the Pain  Unit because
he  rejected  a new surgical  intervention.

Discussion

Ankle  degenerative  arthropathy  in the  young  and active  pop-
ulation  represents  a  therapeutic  challenge  for orthopedic
surgeons.  The  main  cause  in  our  environment  is  trauma,
in  70%  of  cases,  and  from  the  practical  point of  view
we  wish  to  call  attention  to  seemingly  trivial  bimalleo-
lar  fractures,  present  in our  series  in 15  of  the 20  cases.
Multiple  studies  have  shown  how  minor  defects  in the
reduction  of  these  fractures  inevitably  lead  to  posttrau-
matic  osteoarthritic  changes.28---30 Therefore,  we  must  be
scrupulous  in  our treatment  in order  to  prevent  intractable,
degenerative  sequelae.  But  not only  incorrect  reduction  pre-
disposes  toward  osteoarthritis:  up  to 14%  of  ankle  fractures
and  25%  of  ankle  fracture-dislocations  (found  in  6  cases  in
our  series)  present  posttraumatic  degenerative  changes  in
the  first  2  years  of  follow-up  despite  anatomical  reduction.31

This  is  likely  related  to cartilage  damage  sustained  at the
time  of  injury.  As  demonstrated  by  Hintermann  et al.,  as
many  as  79%  of  patients  with  ankle  fractures  who  underwent
arthroscopy  at  the time  of  treatment  suffered  some  kind
of  chondral  lesion,  especially  patients  with  Lauge-Hansen32

pronation/external  rotation  (PER)  fracture  patterns,  which
were  present  in 4 cases  in our series  (2 in each  group),  all
of  them  with  poor  results.

There  is  currently  controversy  regarding  the  ideal  treat-
ment  for  posttraumatic  ankle  osteoarthritis  in  the  young
and  active  population,  due  to  the  high  functional  require-
ments  and  life  expectancy  of this population  group.19

Surgical  procedures  which preserve  the joint  may  be  effec-
tive  in patients  with  moderate  osteoarthritis,19,20 but  only
arthrodesis  and  total  ankle  arthroplasty  have  shown  accept-
able  results  in  the medium  and long  term. Nevertheless,
the  rates  of  nonunion  and  overload  of  neighboring  joints
in  the first  procedure  have  been  widely  reported,8,9,15

as  have  loosening  and other  complications  associated
with  the  implantation  of  an arthroplasty  in the second
procedure.15---18,33

Understood  as  a  last  option  before  considering  treat-
ments  which  sacrifice  the  original  ankle  joint, arthrodi-
astasis  can  represent  a valid  alternative  in this group  of
patients  who  wish  to  preserve mobility.  The  first  retrospec-
tive  study  on  ankle  arthrodiastasis  was  published  in  199521:
11  patients  with  a  mean  age  of  35  years  who  were  candi-
dates  for  arthrodesis  and  who  received  treatment  with  an
Ilizarov  circular  external  fixator  with  distraction  of  5  mm  for
3  months.  Partial  load  was  allowed  after  a few  days  and
the  fixator  was  articulated  to  allow  flexion  and  extension
from  week  6. At  20  months  follow-up,  all  patients  presented
decreased  pain,  5  were  without  pain,  mobility  improved
over 50%  and  3 patients  even  presented  an increase  in joint
space.  In  2002,  Marijnissen  et  al. published  a prospective
multicenter  study  of 57  patients  aged  under  40  years  who
were  followed  for  2.8 years,  reporting  significant  improve-
ment  in the functional  parameters  of  38  patients,  although
10  were  lost during follow-up,  8 suffered  arthrodesis  and
1  required  total  ankle  arthroplasty  due to  an unfavorable
evolution.26 Ploegmakers  et  al.  published  their  results  in
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27  patients  with  posttraumatic  arthritis,  a mean  age of  37
years  and  a  monitoring  period  of  7  years:  73%  reported  sig-
nificant  improvement  in all  parameters,  while  6  patients
suffered  arthrodesis.34 However,  the  functional  improve-
ment  of this  technique  has  not only been  demonstrated  in
the  short  term. Paley  and  Lamm  reported  that  16  of  22
patients  (73%)  presented  a persistent  improvement  after  7
years  of follow-up  after  undergoing  arthrodiastasis.35

Regarding  the type  of  external  fixation,  it has  been
demonstrated  that  circular  external  fixation,  although
technically  more  complex,  is  biomechanically  superior  to
monolateral  fixation  such  as  was  used  in our  series,  as  the
latter  applies  unequal  distraction  on  the joint  and  is  difficult
to  implement  correctly  in  the ankle  axis.  However,  there  are
some  reports  with  large  series  of  patients  using  this  type  of
fixation  and  also  showing  satisfactory  results.20,22,36

In 2003,  Marijnissen  et  al. published  a  similar  study
to  the  present  one,  although  our  follow-up  period  was
longer,  which  showed  better  results  for  arthrodiastasis  plus
debridement  versus  debridement  alone,  with  higher  rates  of
functional  improvement  after  1 year.37

Our  results  regarding  pain  relief  in 70%  of cases  are con-
sistent  with  the literature,21,22,24,34---36 and  we  consider  them
the  main  clinical  benefit  of  this surgical  procedure.

Moreover,  our study  clearly  shows  how  patients  who
evolve  favorably  begin  to  experience  functional  improve-
ment  after  5---6  months  of joint  distraction20 (the  differences
in  the  AOFAS  scale  are significant  after  6 months).  Based  on
this  fact,  we  encourage  our patients  to  wait  approximately  1
year  before  deciding  to  undergo  treatments  which  sacrifice
their  original  joint  (arthrodesis  or  arthroplasty).

Regarding  the  use  of  open  versus  arthroscopic  synovec-
tomy,  various  authors  have  reported  better  results  with  the
latter,19,27,38 although  in our  study  we could  not find  a sta-
tistically  significant  association  in this  regard.

All  patients  in both  groups  with  a previous  diagnosis  of
PER-type  ankle  fracture  eventually  presented  poor  results
and  required  either  arthrodesis  or  arthroplasty.  Various
authors  have  reported  a  link  between  this  fracture  pat-
tern  and  a  higher  incidence  of chondral  lesions,  which  could
explain  the  poor results  obtained  in these  patients.31,32

The  worst  results  in the ‘‘arthrodiastasis  group’’  were
obtained  among  older  patients  (47  and  43  years)  who  had
undergone  2  or  more  previous  procedures.  Neither  result
was  statistically  significant.  In  the  ‘‘synovectomy  group’’,  2
of  the  3 patients  aged  over 40 years  presented  the worst
results,  both  with  more  than  2  previous  operations,  but
without  statistical  significance.  Despite  not  having  statisti-
cal  significance,  it  seems  logical  that  the age  and  number  of
previous  surgeries  could  negatively  influence  the final  result.

Regarding  the  degree  of  prior  osteoarthritis  according  to
the  classification  described  by  van  Dijk,27 all  our  negative
results  in  both  groups  except  for  1 were  grade  2, although
this  fact was  not  statistically  significant.

While  not part  of  our  initial  objectives,  in 4 patients  in our
series  we  observed  an  objective  decrease  of  radiographic
subchondral  sclerosis  after  the application  of  arthrodiasta-
sis.  Furthermore,  in 1 case  with  asymmetric  impingement
and  varus  axis,  this disappeared  in the radiographic  control
after  removal  of  the  fixator  and  remained  thus throughout
the  entire  follow-up  period  (Figs.  4---7).  Based  on  the results
of  this  study,  we  cannot  confirm  that arthrodiastasis  recovers

Figure  4  Subchondral  sclerosis  and  medial  impingement  prior
to arthrodiastasis.

Figure  5  Decrease  in  sclerosis  and  asymmetric  impingement
at 6 months  after  distraction  (partial  removal  of  osteosynthesis
material  present).

Figure  6  Posttraumatic  osteoarthritis  secondary  to  high-
energy  fracture  of  the  tibial  pilon.
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Figures  7  and  8  Result  after  removal  of  osteosynthesis  mate-
rial and  joint  distraction,  maintenance  of  the joint  interline  at
14 months.

the  joint  interline,  as  we  have  only  evaluated  clinical  and
functional  criteria,  but  it  seems  clear  that this  treatment
was  effective  in  slowing  the  progressive  radiographic  deteri-
oration  of  the 8  patients  in our  series,  who  evolved  favorably.
This  could  explain  the  functional  results  in  these  patients,
although  some  studies  based on  magnetic  resonance  imag-
ing  analysis  have  shown  a recovery  of the  articular  cartilage
after  the  application  of  this  technique.34,35

In  2012,  Rodriguez  et al.37 published  the  largest  series
of  patients  treated  with  ankle  arthrodiastasis  to  date.
It  included  82  patients  intervened  during  the  period
1998---2010,  with  a  mean  age  of  5.6  years  (range:  1---12
years),  who  were  evaluated  before  and  after  surgery  using
the  Maryland  Foot  Score  functional  outcome  scale,  which
is  similar  to that  used  in our  study  (AOFAS),  but  takes  into
account  other  aspects,  such  as  difficulty  using  ordinary  shoes
and  esthetic  aspects.  This  showed  24%  excellent  results  and
55%  good  results,  that is,  over  70%  good  or  excellent  results,
with  15%  moderate  results  and  6% poor  results.  Out  of  the
entire  series,  only 5 patients  with  a  poor  outcome  required
surgery  during  follow-up:  4 required  tibiotalar  arthrodesis
and  1  required  joint  replacement.  The  most common  compli-
cation  was  intolerance  or  infection  in  the  pathway  of the
nails,  in  15%  of  cases.  These  results  are  similar  to  those  in our
series.  More  recently,  Smith  et  al.38 analyzed  the levels  of
evidence  existing  regarding  ankle  arthrodiastasis  and found
that  there  is  not  yet  sufficient  and  adequate  evidence-based
literature  to support  or  refute  its  use  as  a valid  alternative
to  arthrodesis  or  arthroplasty.  Further  and  higher-quality
scientific  studies,  both  prospective  and  comparative,  are
required  to  support  this technique.  One  example  would  be
the  study  we have  carried  out  in order  to  validate  this  sur-
gical  technique  which  preserves  the joint  in  young  patients.

The  main limitations  of  this study  include  lack  of random-
ization,  although  both  groups  were  perfectly  comparable
in  all  parameters.  We  also  consider  that  it would  be use-
ful  to  apply  a longer  follow-up  period  (at  least  in the
medium  term),  in order  to  validate  the results  obtained.
Furthermore,  it  would be  interesting  to incorporate  other
adjuvant  therapies  described  for  ankle  arthropathy,  such

as platelet-rich  plasma  and  viscosupplementation,  so  as  to
evaluate  whether  there  are  significant  differences  in treat-
ment  groups.

Conclusions

Based  on  the results  obtained  in this study,  ankle  arthro-
diastasis  represents  a  valid  and  promising  alternative  to
be  considered  for  the treatment  of  posttraumatic  ankle
arthropathy  in young  patients.  It mainly  helped  to  reduce
pain  and delay,  and  even  eliminate,  the  need  for  fusion  or
arthroplasty  in  most of  our  patients  in the short  term,  and
was  clinically  superior  to  synovectomy  alone.

Moreover,  since  this  technique  entails  minimal  morbidity
and  does not eliminate  the possibility  of  conducting  other
surgical  treatments  in  the  future,  we  support  it as  a  ther-
apeutic  option  for young  and  active  patients  who  refuse
tibiotalar  arthrodesis,  provided  they  meet  the requirements
described  in  this article  for  the  use  of  this  surgical  tech-
nique.

Level of  evidence

Level  of  evidence  ii.

Ethical responsibilities

Protection  of  people  and  animals.  The  authors  declare  that
this  investigation  did not  require  experiments  on  humans  or
animals.

Confidentiality  of  data.  The  authors  declare  that  they  have
followed  the  protocols  of  their workplace  on  the publica-
tion  of  patient  data  and  that  all  patients  included  in the
study  received  sufficient  information  and  gave  their  written
informed  consent  to participate  in the  study.

Right  to  privacy  and  informed  consent.  The  authors
declare  having  obtained  written  informed  consent  from
patients  and/or  subjects  referred  to  in the work.  This  doc-
ument  is  held  by  the corresponding  author.

Conflict  of  interests

The  authors  have  no  conflict  of interests  to  declare.

Acknowledgements

This  study  was  initiated  in  the  year  2010,  encouraged  by
the  initial  positive  results  obtained  by  Dr.  Fernando  Sell-
ers,  orthopedic  surgeon  at Móstoles  Hospital,  who  recently
passed  away.

References

1. Thomas RH, Daniels TR. Ankle arthritis. J Bone Joint Surg Am.
2003;85A:923---36.

2. Shepherd DE, Seedhom BB. Thickness of human articular carti-
lage in joints of  the lower limb. Ann Rheum Dis. 1999;58:27---34.

http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0005
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0010


416  M.  Herrera-Pérez  et  al.

3. Valderrabano V, Horisberger M, Russell I, Dougall H, Hinter-
mann B. Etiology of  ankle osteoarthritis. Clin Orthop Relat Res.
2009;467:1800---6.

4. Glazebrook M, Daniels T, Younger A, Foote CJ, Penner M, Wing
K, et al. Comparison of health-related quality of life between
patients with end-stage ankle and hip  arthrosis. J  Bone Joint
Surg Am. 2008;90:499---505.

5. Abidi NA, Sabharwal S,  Neufeld SK, Paley D, Brage M, Reese KA.
In: Fischgrund JS, editor. Foot and ankle, orthopaedic knowl-
edge update. Rosemont, IL: American Academy of  Orthopaedic
surgeons; 2008. p. 159---93.

6. Takakura Y,  Tanaka Y,  Sugimoto K, Akiyama K, Tamai S. Long-
term results of  arthrodesis for osteoarthritis of the ankle. Clin
Orthop Relat Res. 1999;361:178---85.

7. Coester LM, Saltzman CL, Leupold J, Pontarelli W.  Long term
results following ankle arthrodesis for post-traumatic arthritis.
J Bone Joint Surg Am. 2001;83A:219---28.

8. Fuchs S,  Sandmann C, Skwara A, Chylarecki C. Quality of  life 20
years after arthrodesis of  the ankle. A study of adjacent joints.
J Bone Joint Surg Br. 2003;85:994---8.

9. Buchner M, Sabo D. Ankle fusion attributable to posttraumatic
arthrosis: a long-term follow up of 48  patients. Clin Orthop.
2003;406:155---64.

10. Maenpaa H, Lehto MU, Belt EA. Why do ankle arthrodeses fail  in
patients with rheumatic disease? Foot Ankle Int. 2001;22:403---8.

11. Perlman MH, Thordarson DB. Ankle fusion in a high risk popu-
lation: an  assessment of nonunion risk factors. Foot Ankle Int.
1999;20:491---6.

12. Dereymaeker GP, van Eygen P, Driesen R, de Ferm A. Tibiota-
lar arthrodesis in the rheumatoid foot. Clin Orthop Relat Res.
1998;349:43---7.

13. Hendrickx RPM, Stufkens SAS, de Bruijn EE, Sierevelt IN, Van
Dijk CN, Kerkhoffs GM. Medium-to-long term outcome of  ankle
arthrodesis. Foot Ankle Int. 2011;32:940---7.

14. Kennedy JG, Harty JA, Casey K, Jan W, Quinlan WB. Out-
come after single technique ankle arthrodesis in patients with
rheumatoid arthritis. Clin Orthop Relat Res. 2003;412:131---8.

15. Galeote-Rodríguez JE, Álvarez-Goenaga F. Artroplastia total de
tobillo. Rev Med Cir Pie. 2012;26:7---16.

16. Kwon DG, Chung CY, Park MS, Sung KH, Kim TW, Lee KM.
Arthroplasty versus arthrodesis for end-stage ankle arthritis:
Decision analysis using Markov model. Int Orthop. 2011;35:
1647---53.

17. Hintermann B, Valderrabano V, Dereymaeker G,  Dick W.  The
HINTEGRA ankle: Rationale and short-term results of 122 con-
secutive ankles. Clin Orthop Relat Res. 2004;424:57---68.

18. Buechel FF, Buechel Jr FF, Pappas MJ. Twenty-year evaluation
of cementless mobile bearing total ankle replacements. Clin
Orthop Relat Res. 2004;424:19---26.

19. Giannini S,  Buda R, Faldini MD, Vannini F, Romagnoli M, Grandi
G, et al. The treatment of severe posttraumatic arthritis
of the ankle joint. J Bone Joint Surg Am. 2007;89 Suppl 3:
15---28.

20. Tellisi N,  Fragomen A, Kleinman D, O’Malley MJ, Rozbruch SR.
Joint preservation of  the osteoarthritic ankle using distraction
arthroplasty. Foot Ankle Int. 2009;30:318---25.

21. Van Valburg AA, van Roermund PM, Lammens J, Van Melkebeek
J,  Verbout AJ, Lafeber EP, et al. Can Ilizarov joint distraction
delay the need for an arthrodesis of  the ankle? A preliminary
report. J Bone Joint Surg Br. 1995;77:720---5.

22. Van Valburg AA,  van Roermund PM, Marijnissen AC. Joint dis-
traction in treatment of  osteoarthritis: a two year followup of
the ankle. Osteoarthritis Cartilage. 1999;7:474---9.

23. Volkov MV, Oganesian OV. Restoration of  function in the knee
and elbow with a hinge-distractor apparatus. J  Bone Joint Surg.
1975;57A:591---600.

24. Van Roermund PM, Marijnissen AC, Lafeber FP. Joint distraction
as an alternative for the treatment of osteoarthritis. Foot Ankle
Clin. 2002;7:515---27.

25. Chiodo CP, McGarvey W.  Joint distraction for the treatment of
ankle osteoarthritis. Foot Ankle Clin. 2004;9:541---53.

26. Marijnissen AC, Van Roermund PM, Van Melkebeek J, Schenk W,
Verbout AJ, Bijlsma JW, et al. Clinical benefit of joint distraction
in the treatment of severe osteoarthritis of the ankle: proof
of concept in an open prospective study and in a randomized
controlled study. Arthritis Rheum. 2002;46:2893---902.

27. Van Dijk CN, Tol JL, Verheyen CC. A prospective study of
prognostic factors concerning the  outcome of arthroscopic
surgery for anterior ankle impingement. Am  J Sports Med.
1997;25:737---45.

28. Clare MP. A rational approach to ankle fractures. Foot Ankle Clin
N  Am. 2008;13:593---610.

29. Ramsey PL, Hamilton W. Changes in tibiotalar area of
contact caused by lateral talar shift. J Bone Joint Surg Am.
1976;58:356---7.

30. Thordarson DB, Motamed S, Hedman T,  Ebramzadeh E, Bak-
shian S. The effect of fibular malreduction on contact pressures
in an ankle fracture malunion model. J Bone Joint Surg Am.
1997;79:1809---15.

31. Lindsjö U.  Operative treatment of ankle fracture-dislocations: a
follow-up study of  306/321 consecutive cases. Clin Orthop Relat
Res. 1985;199:28---38.

32. Hintermann B, Regazzoni P, Lampert C, Stutz G, Gächter A.
Arthroscopic findings in acute fractures of the ankle. J  Bone
Joint Surg Br. 2000;82B:345---51.

33. Álvarez-Goenaga F.  Artroplastia total de tobillo. Primeros 25
casos. Rev Esp Cir Ortop Traumatol. 2008;52:224---32.

34. Ploegmakers JJ, Van Roermund PM, Van Melkebeek J, Lammens
J, Bijilsma JW, Lafeber FP, et  al.  Prolonged clinical benefit
from joint distraction in the treatment of ankle osteoarthritis.
Osteoarthr Cartil. 2005;13:582---8.

35. Paley D, Lamm BM. Ankle joint distraction. Foot Ankle Clin.
2005;10:685---98.

36. Rodriguez E, Hutchinson B, Clifford C, McCann K.  Arthrodiastasis
in the treatment of  ankle arthritis: a case series. Foot Ankle
Online J.  2012;5:2.

37. Marijnissen AC, van Roermund PM, van Melkebeek J,  Lafeber FP.
Clinical benefit of  joint distraction in the treatment of  ankle
osteoarthritis. Foot Ankle Clin. 2003;8:335---46.

38. Smith NC, Beaman D, Rozbruch SR, Glazebrook MA. Evidence-
based indications for distraction ankle arthroplasty. Foot Ankle
Int. 2012;33:632---6.

http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0015
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0020
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0025
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0030
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0035
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0040
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0045
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0050
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0055
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0060
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0065
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0070
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0075
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0080
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0085
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0090
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0095
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0100
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0105
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0110
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0115
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0120
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0125
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0130
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0135
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0140
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0145
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0150
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0155
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0160
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0165
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0170
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0175
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0180
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0185
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190
http://refhub.elsevier.com/S1988-8856(13)00089-8/sbref0190

	Results of arthrodiastasis in postraumatic ankle osteoarthritis in a young population: Prospective comparative study
	Introduction
	Patients and methods
	Surgical technique
	Assessment of patients
	Statistical analysis

	Results
	Discussion
	Conclusions
	Level of evidence
	Ethical responsibilities
	Protection of people and animals
	Confidentiality of data
	Right to privacy and informed consent

	Conflict of interests
	Acknowledgements
	References


