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EDITORIAL

Could a Visual Analogue  Scale  be  useful, in  real life, to  manage

children with asthma?

Reversibility  of  bronchial  obstruction  is  an essential  charac-
teristic  of  asthma,  and  guidelines  recommend  performing  a
bronchodilator  test  in  the diagnostic  process  of this  disease.1

The  management  of  asthma,  as  currently  accepted,  must
include  an  assessment  of  the level of  control  of  the disease
through  the  evaluation  of daytime  symptoms,  limitation
in  activities,  nocturnal  symptoms  and awakening,  and  the
need  for  rescue  treatment  and  level  of  bronchial  obstruc-
tion  by  means  of  forced  expiratory  volume  in  one  second
(FEV1).  However,  reversibility  of bronchial  obstruction  is  not
included  in  the  guidelines  as  an item  when  assessing  asthma
control.1

Nevertheless,  including  spirometry  as  part  of  the strategy
to  achieve  asthma  control  may  help  to  avoid  overestima-
tion  of  control  and,  as  a consequence,  reduce  the risk  of
exacerbations.2 The  interest  in assessing  asthma  control
with  objective  measurements,  such as  lung  function,  and
not  only  with  symptoms,  is  that  poorer  symptom  perception
in  asthmatic  children  is associated  with  lower  baseline  FEV1
and  less  use of  rescue  bronchodilators.  Furthermore,  it has
been  shown  that  the  higher  the bronchial  responsiveness  is,
the  poorer  symptoms  perception  is.3

In  this  context,  measuring  bronchial  obstruction
reversibility  is  important  not  only for diagnosing  but  also  for
managing  asthma.  Thus,  knowing  the lung  function  of  our
asthmatic  patients  is  mandatory.  However,  to  measure  lung
function  requires  a  certain  amount  of  specific  training  both
to  perform  the  technique  as  well  as to  correctly  interpret
the  results.  A recent  study  shows  that  even after  a spirom-
etry  training  programme,  some  21% of  paediatricians  had
errors  of  interpretation,  and  22%  of  spirometric  manoeuvres
were  unacceptable  because  they  did  not  meet  all  of  the
acceptability  and  reproducibility  criteria.4 Even  poorer
results  were  obtained  in studies  developed  in primary
care  settings  all over the  world.5---8 Spirometric  curves  are
even  more  often  unacceptable  in  children.6 Therefore,  this
technique  should  be  carried  out  in  paediatric  pulmonology
and/or  paediatric  allergy  units,  which  have  correctly
trained  personnel.  Probably  as  a  consequence  of  all  this,
primary  care  paediatricians  seldom  use  spirometry  in  their
clinical  practices.9 As a  consequence,  only  a small  number

of asthmatic  children  (15---30%) have,  at least,  one spirom-
etry  per  year.10---12 Nevertheless,  the aim  of  guidelines  for
the  management  of  asthmatic  patients  is  to  obtain  control
of  the  disease  in  the  primary  care  setting,  and ---  in fact  ---
the  majority  of  patients  are  managed  in this setting.12

In the current  issue  of Allergologia  et Immunopatholo-
gia,  Ciprandi  et  al.13 report  the  results  of a study  developed
to  estimate  whether  the assessment  of  breathlessness  per-
ception  by  means  of  a  Visual  Analogue  Scale  (VAS)  could  be
useful  in  initially  evaluating  the response  to  bronchodilator
testing  in children  with  asthma,  particularly  in  the pri-
mary  care  setting.  The  results  might  be summarised  as:
VAS  increase  significantly  in  patients  with  bronchial  obstruc-
tion  (BO)  and  in  patients  with  reversible  obstruction  (RO);
the  increase  in VAS  is  significantly  higher  in patients  with
reversible  obstruction  than  without  it;  and  finally,  there
was  a significant,  albeit  weak,  correlation  between  VAS  and
FEV1.

Even  though  the increase  in  VAS  was  also  significant  in
patients  without  obstruction  and  without  reversible  obstruc-
tion,  the authors  suggest  that  an  increase  of two  in ten
units  after  a bronchodilatation  test  might  discriminate  sub-
jects  with  bronchial  obstruction,  and  even  allow  obtaining
information  on  bronchial  reversibility,  suggesting  an asthma
diagnosis.

The  results  of  the study  could  be  very  interesting  in the
assessment  of  paediatric  patients  in real  life. But  the  sug-
gestion  of  the diagnosis  of  asthma  must  be only the first  step
in  the diagnostic  process,  as it is  mandatory  to  confirm  the
reversibility  of  bronchial  obstruction  through  spirometry.
VAS  is a  straightforward  tool  for  the  paediatrician  without
easy  access  to  spirometry,  and  thus  this simple  test  could
be  very  interesting  in  an  initial  orientation  in the diagnostic
process.  However,  because  the study  was  designed  without
a  control  group  of  healthy  children,  the  authors  could  not
report  the sensitivity  and  the  specificity  of  the  test.

Additionally  this test  could  be useful to  discriminate
between  asthmatic  patients  with  or  without  BO: the authors
show  a significant  increase  in  VAS  when patients  have  BO;
however,  in  patients  without  obstruction  the increase  in VAS
is  significant  as  well.  The  authors’  proposal  that  an increase
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of  at  least  two  units  in the  breathlessness  measurement
after  BD  is  discriminative  between  having  or  not  having  BO,
might  be  right,  but  sensitivity  and  specificity  of the  test  must
be  reported  in  order  to  know  what  its  exact usefulness  is.
On  the  other  hand  and in real  life,  a significant  response
in  VAS  might  not  only  be  a diagnostic  tool  for  assessing  BO;
but  might  also  be  especially  useful  in the  assessment  of  the
response  to  bronchodilators,  which  is  why  it could  be  a  good
assessment  tool  of  the positive  progression  of  an asthma
episode.

Finally,  the authors  consider  that  children  with  RO  had  a
median  increase  of  2 units  in VAS,  whereas  children  without
reversibility  reported  an increase  of <1 unit. A  sensitivity
and  specificity  study  is needed  to  assess  the discriminative
capacity  of  the test. But  again  in  real life,  VAS  might be
very  useful  to  assess  the response  to  treatment  and  prevent
overestimation  of  asthma  control.

Furthermore,  a beneficial  side  effect  could  be  suggested:
maybe  patients  using this VAS  could  learn  to  better  perceive
their  own  breathlessness  and,  as  a  consequence,  prevent
severe  exacerbations.

In summary  I would  agree  with  the  authors  in their  last
statement:  ‘‘the  present  study  demonstrates  that  VAS  might
be  considered  an initial  tool  to assess  BD  response  in  chil-
dren  with  asthma’’.  However,  more  studies  are  needed  to
know  the  place  of  this test  in the management  of  asthmatic
children.  A test  which  is  so  attractive  since  it  is  so  simple.

References

1. http://www.ginasthma.org/local/uploads/files/GINA Report
March13.pdf

2. Dostaler SM, Olajos-Clow JG, Sands TW, Licskai CJ, Minard JP,
Lougheed MD. Comparison of  asthma control criteria: impor-
tance of spirometry. J Asthma. 2011;48:1069---75.

3. Nuijsink M, Hop WC, Jongste JC, Sterk PJ, Duiverman AE,
Cato Study Group. Perception of  bronchoconstriction: a com-
plementary disease marker in children with asthma. J Asthma.
2013;50:560---4.

4. Zanconato S, Meneghelli G, Braga R,  Zacchello F, Baraldi E.
Office spirometry in primary care pediatrics: a pilot study. Pedi-
atrics. 2005;116:e792---7.

5. Gillette C, Loughlin CE, Sleath BL, Williams DM, Davis SD.
Quality of pulmonary function testing in 3 large primary
care pediatric clinics in rural North Carolina. N  C Med  J.
2011;72:105---10.

6. Eaton T, Withy S, Garrett JE,  Mercer J,  Whitlock RM, Rea HH.
Spirometry in primary care practice: the importance of  qual-
ity  assurance and the impact of  spirometry workshops. Chest.
1999;116:416---23.

7. Hueto J,  Cebollero P, Pascal I, Cascante JA, Eguía VM, Teruel
F, et al. Spirometry in primary care in Navarre, Spain. Arch
Bronconeumol. 2006;42:326---31.

8. Licskai CJ, Sands TW,  Paolatto L, Nicoletti I, Ferrone M. Spirom-
etry in primary care: an analysis of spirometery test quality
in a regional primary care asthma program. Can Respir J.
2012;19:249---54.

9. Dombkowski KJ, Hassan F,  Wasilevich EA, Clark SJ. Spirome-
try use among pediatric primary care physicians. Pediatrics.
2010;126:682---7.

10. Jonsson M, Egmar AC, Kiessling A, Ingemansson M,  Hedlin G,
Krakau I, et al. Adherence to national guidelines for children
with asthma at primary health centres in Sweden: potential for
improvement. Prim Care Respir J. 2012;21:276---82.

11. Tsuyuki RT, Sin DD, Sharpe HM, Cowie RL, Nilsson C, Man  SF,
Alberta Strategy to Help Manage Asthma (ASTHMA) Investiga-
tors. Management of asthma among community-based primary
care physicians. J Asthma. 2005;42:163---7.

12. Bianchi M, Clavenna A, Sequi M,  Bortolotti A, Fortino I, Merlino
L, et al. Spirometry testing in a population of Italian children:
age and gender differences. Respir Med. 2012;106:1383---8.

13. Tosca MA, Silvestri M, Rossi GA, Ciprandi G. Perception of
bronchodilation assessed by  Visual Analogue Scale in chil-
dren with asthma. Allergol Immunopathol (Madr). 2013;41:359---
63.

M.  Sanchez-Solis
Pediatric  Respiratory  Unit,  Virgen  de la  Arrixaca

University  Hospital,  Pabellón  Docente  Universitario,

El  Palmar,  Murcia,  Spain

E-mail  address:  msolis@um.es

http://www.ginasthma.org/local/uploads/files/GINA_Report_March13.pdf
http://www.ginasthma.org/local/uploads/files/GINA_Report_March13.pdf
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0010
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0015
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0020
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0025
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0030
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0035
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0040
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0045
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0050
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0055
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0060
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
http://refhub.elsevier.com/S0301-0546(13)00253-X/sbref0065
mailto:msolis@um.es

