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Abstract  One  of  the main  goals  of  all  skin  cancer  prevention  campaigns  is  to  protect  children

from  ultraviolet  radiation.  However,  little  is  known  about  how  sun  exposure  risks  differ  between

adults and  children  or  about  how  these  risks  are  best  managed.  Children’s  skin  is more  suscepti-

ble to  sun  damage  for  a  number  of  reasons,  including  certain  anatomical  and functional  aspects

in children  under  2  years  of  age  and  habits  that  predispose  to  greater  sun  exposure  during  the

first 2  decades  of  life.  Oil-based  emulsions  containing  inorganic  filters  appear  to  be safest  sun-

screens for  children,  although  the  addition  of  certain  organic  filters  is necessary  to  achieve  a

sun protection  factor  of 50.  Oxybenzone,  and  probably  also  octocrylene,  should  be  avoided  in

sunscreens for  children.  Sunscreen  use  should  be  part  of  an  overall  sun  protection  strategy  that

includes avoidance  of  exposure  to  midday  sun  and  the  use  of  protective  clothing  and hats.

The above  considerations  justify  the  implementation  of  primary  prevention  campaigns

focused on sun  protection  education  for  children  and  the  continuation  of  basic  and epidemio-

logical  research  into  specific  sun  protection  strategies  and sunscreens  for  each  age  group.

© 2013  Elsevier  España,  S.L.  and  AEDV.  All  rights  reserved.

PALABRAS  CLAVE
Fotoprotección;
Niño;
Adolescente;
Piel;
Vitamina  D

Realidades  y retos  de  la fotoprotección  en  la  infancia

Resumen  Proteger  a  los  niños  de la  radiación  ultravioleta  es  uno  de los  principales  objetivos

de todas  las  campañas  de prevención  del  cáncer  cutáneo.  Sin  embargo,  el conocimiento  acerca

de  las  diferencias  en  riesgos  derivados  de  la  fotoexposición  con  respecto  a  los  adultos  y  de  las

estrategias  idóneas  para  afrontarlos  son  escasos.  Entre  los  factores  que  favorecen  una  mayor

susceptibilidad  de  la  piel  infantil  se  encuentran  ciertos  condicionantes  anatómicos  y  funcionales

en los  niños  por  debajo  de los  2 años  de  edad  y  hábitos  de mayor  exposición  en  las  2 primeras

décadas  de  la  vida.  Los  filtros  en  forma  de  emulsión  en  aceite  con  principios  activos  inorgánicos

parecen ser  los  más seguros  para  los  niños,  aunque  se  requiere  la  adición  de  algunos  filtros

orgánicos para  obtener  un SPF  50.  La  oxibenzona  y  probablemente  el  octocrileno  son  filtros  que

deberían  evitarse  en  los fotoprotectores  pediátricos.  El  uso  de fotoprotectores  debe  ser  parte
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de  una  estrategia  fotoprotectora  basada  en  evitar  la  exposición  solar  en  las  horas  del  mediodía

y usar  ropas  y  gorros.

Todo  ello  justifica  la  implementación  de campañas  de prevención  primaria  que  eduquen  a  los

niños en  hábitos  de fotoprotección,  y  continuar  la  investigación  básica  y  epidemiológica  en  la

búsqueda de  estrategias  y  fotoprotectores  concretos  para  cada  edad.

© 2013  Elsevier  España,  S.L.  y  AEDV.  Todos  los  derechos  reservados.

Introduction

The  sun  allows  the existence  of  life  on  earth. It  provides
a  feeling  of  well-being  and  controls  our  biological  rhythms.
It  is also  fundamental  for  the  synthesis  of  vitamin  D.  How-
ever,  solar radiation  is  also  known  to have harmful  effects  in
both  the  short  term  (erythema,  immunosuppression)  and  the
long  term  (photocarcinogenesis,  actinic  damage).  In order
to  minimize  these  adverse  effects,  a series  of  measures,
known  broadly  as  sun  protection,  have been  developed.  Sun
protection  measures  are  considered  to  be  appropriate  for
the  entire  sun-exposed  population.  It  has been  suggested,
however,  that children  may  be  especially  susceptible  to  the
harmful  effects  of  solar  radiation.  These  considerations,
as  well  as  social  demand,  have  given rise  to  the  develop-
ment  of  sun  protection  product  lines  designed  exclusively
for  children  and the  design  of  primary  prevention  strategies
targeting  children.

Although  it may  seem  bold, it is  fair  to  ask  whether  it
really  makes  sense  to  consider  children  to  be  a differenti-
ated  target  for  sun  protection  measures.  In  other  words,
is  there  scientific  evidence  to  justify  distinguishing  sun
protection  strategies  for  children  from  those  intended  for
the  rest  of  the population?  A  specific  sun  protection  strat-
egy  for  children  would  be  reasonable  if,  for  physiological
reasons  related  to  age or  habits,  childhood  were  intrinsi-
cally  an  additional  risk  factor  for  adverse  effects  of solar
radiation.  Children  should  also  be  considered  separately  if
the  components  of sun  protection  strategies----for  example,
excipients  contained  in sunscreens  or  even  the  UV  filters
themselves----carry  an additional  risk  in  childhood  because  of
the  direct  risks  (allergic  contact  dermatitis,  carcinogenesis)
or  indirect  risks  (e.g.,  hypovitaminosis  D  due  to  inadequate
sun  exposure)  associated  with  these substances.

A  second  issue  is  also  important:  even  if we  establish  that
children  are  a  differentiated  group  that  requires  a specific
sun  protection  approach,  we  must  determine  whether  the
available  strategies  and  technical  possibilities  are properly
implemented.

Is  the Risk Associated  With  Sun Exposure
Greater in  Children  Than  in  Adults?

Risks  Related to  Sun  Exposure  Habits

The  data  on sun  exposure  in children  are generally  limited
and  mostly  come  from  interviews  with  selected,  voluntary
groups.  There  is a tendency  to  consider  that  sun  exposure
time  is  greater  in childhood  than  in adulthood.  If  this is  true,
much  of  the  sun  exposure----and,  consequently,  the risk----that

an individual  accumulates  over  the course  of  his or  her life-
time  occurs  during  childhood.  After  reviewing  data  on  345
schoolchildren,  Wright  and  Reeder1 estimated  that  the mean
daily  sun  exposure  time  was  2.3  hours  and  determined  that
exposure  was  greater  on  school  days  than  on  weekends.  They
therefore  concluded  that  sun  protection  should  be promoted
in  schools.

The  erythema  dose  associated  with  this  number  of  sun
exposure  hours  is  incredibly  difficult  to  establish  and,  more-
over,  varies  greatly  as  a  function  of  latitude  and climate
conditions.  It is  generally  considered  that  25%  to  50%  of  the
total  erythema  dose  that  a person  receives  before  the age
of  60  years  occurs  during  childhood  (in  accordance  with  the
Convention  on  the  Rights  of  the Child,  adopted  in 1990,  a
child  is defined  as  a person  under  the age  of  18  years).2,3 It
therefore  appears  that many  individuals  are most  exposed
to  solar  radiation  during  childhood  and  that  the  promotion
of  sun  protection  in  children  is justified.

Key Point

Between  25%  and 50%  of  the total  erythema  dose
that  a person  receives  before  the age of 60  years  is
received  during  childhood.

Risks  Related  to Structural  Differences  Between
Children’s Skin and Adult  Skin

Another  additional  risk  factor  for  children’s  skin  could  be
related  to the  fact that  children  may  be more  susceptible
than  adults  to  damage  caused  by  sunlight  or  that  children’s
defense  mechanisms  may  be less  efficient  than  those  of
adults.  The  assumption  that  children’s  skin  is  more  sensitive
or  susceptible  to  sun  damage  than  that of  adults  appears
to  be justified  in  children  under  the age  of  2  years.4 Table  1
highlights  the  structural  differences  between  infant  skin  and
adult  skin.5 In  children,  the  stratum  corneum  and  the  epider-
mis  as  a whole  are  thinner  and  corneocytes  and  granular  cells
are  smaller  and more  numerous,  suggesting  more  rapid  cell
turnover.  In addition,  the ratio  of  lipids  to  proteins  is lower,
as  is  the  concentration  of  melanin.  Diffuse  reflectance  spec-
troscopy  studies  have  shown  that  the skin  of  children  under
the age of  12  months  has  a  lower  concentration  of  melanin
than  that  of  children  between  the ages  of 16  and  24  months.6

In  children  older  than  24  months,  the  thickness  of  the skin
is  similar  to  that of  adults.  However,  because  of the  special
anatomic  structure  of  children’s  skin, the most superficial
part  of  the dermal  papillae  is  more  exposed  to  solar  radia-
tion.  The  stem  cells  in the basal layer  are  therefore  exposed
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Table  1  Differences  Between  Skin  Structure  in  Infants  and  Adults42

Skin  Structures  Infant  Skin  Adult  Skin

Epidermis

Corneocytes  Smaller  Larger

Granular  cells  Smaller  Larger

Depth of  dermatoglyphics  Similar  to  in  adults

Melanin Less  More

Dermis

Dermal papillae  (density,  size,  and  morphology)  More  uniform  Less  uniform

Transition between  papillary  and  reticular  dermis  Absent  Present

Skin characteristics

Concentration  of  natural  moisturizing  factor Lower  Higher

pH Higher  (only  in newborns)  Lower

Sebaceous  secretion  Less  More

Water content  in stratum  corneum  Higher  Lower

Collagen fiber  density  Lower  Higher  (in  young

adults)

Skin functions

Water  absorption Higher  Lower

Water desorption Higher  Lower

Barrier function Competent  Competent

Transepidermal  water  loss Higher  Lower

to higher  doses  of UV  radiation,  thereby  favoring  the initia-
tion  step  of  nonmelanocytic  skin  cancer7 (Table 1).

Nevertheless,  these  differences  in  skin  structure  do not
necessarily  have  an impact  on  certain  photobiologic  aspects,
such  as erythema.  It has been  shown  that  there  are  no
differences  in minimal  erythema  dose between  adults  and
children  under  the  age  of 15 years.8

Key  Point

The  skin  of children  under  the age  of  2 years  has
anatomical  and  functional  characteristics  that  make  it
more  susceptible  to  UV  radiation damage  than  adult
skin.

Although  there  are some  structural  differences
between  children’s  skin  and  adult  skin,  there  are  no
differences  in  minimal  erythema  dose.

Melanogenesis  as  a Marker  of  Actinic  Damage  and
Melanoma Risk

Given  that  tanning  is  initiated  by  the  activation  of  p53  when
DNA  damage  occurs  and that  incidental  sun  exposure  induces
tanning  in  children  as  young  as 1  year  of age,9 we  can  con-
clude  that  the damage  caused  by  actinic  radiation  begins
in  the  first  years  of  life.  With  regard  to  melanogenesis  as  a
defense  mechanism  against  solar  radiation,  it  is  fair  to ask
whether  there  are  functional  differences  between  children
and  adults.  Pigmentation  occurs  in children  as  a response
to  solar  radiation  from  the age  of  6  months  but  is  less  pro-
nounced  between  6 and 12  months  of age than  between  16

and 24  months  of  age,  illustrating  the  variations  in melano-
genesis  in relation  to  age.10

The  development  of  melanocytic  nevi  is  considered  a sign
of  actinic  damage  and  a  marker  of melanoma  risk.  In an  epi-
demiologic  study  carried  out in  Australia,  Whiteman  et  al.11

found  that  the  presence  of  more  than  10  melanocytic  nevi
at least  5 mm in  diameter  increased  the  risk  of  developing
melanoma  in childhood  by  a factor  of 9.9.

One  international  epidemiologic  study  that  compared
children  aged  8 or  9 years  of the  same  ethnicity  found  that
the  number  of nevi  was  up  to  7 times  greater  in  children  liv-
ing  at latitudes  that  receive  more  solar  radiation (Australia
as  opposed  to Great  Britain).12 Another  study  found  an  epi-
demiologic  association  between  nevus  prevalence  and  the
number  of site-specific  sunburn episodes.13 Some  authors
have  suggested  that  intermittent  episodes  of  excessive  sun
exposure  during  outdoor  sports  or  vacation  activities  play  a
greater  role  than  cumulative  sun  exposure  in increasing  the
risk  of melanocytic  nevi.14,15 However,  this  hypothesis  has
not  been  conclusively  demonstrated.

Melanocytic  nevi in children  differ  from  those  in  adults
in  terms  of  epidemiology,  morphology,  genetics,  and  asso-
ciated  risk  of  melanoma.  It has  been  hypothesized  that
these  differences  are  present  because  nevi  are  derived  from
melanocytes  at  different  stages  of  maturation.16

Key  Point

Melanocytic  nevi  are  different  in children  and
adults.  They  occur  in greater  numbers  in children  who
live  at lower  latitudes  and  on areas  of the body  that
receive  greater  sun  exposure  and/or  have  been  sun-
burned.
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Actinic  Radiation  in  Childhood  and  Risk  of  Skin
Cancer in  Adulthood

Melanoma

Without  a doubt,  one of the  greatest  risks apparently  asso-
ciated  with  sun  exposure  is  the possibility  of  increased  risk
of  melanoma.  Overall,  the risk  of  melanoma  in childhood
is  low.  Only  2%  to  3% of  all  cases  of melanoma  occur  in
children.17 However,  this  risk  increases  over  time:  85%  of
cases  of  melanoma  in patients  under  the age  of  20  years
occur  between  the  ages  of  15  and  19  years.18

It  is likely  that  genetic  predisposition  plays  a much
greater  role  in melanomas  that  develop  in the  first  years
of  life,  whereas  solar  radiation  could  play a  greater  role  in
causing  melanomas  that  develop  during  adolescence.  In  a
case-control  study  of  melanoma  in adolescents,  the num-
ber  of  sunburn  episodes  was  higher  in the cases  than  in
the  controls.19 Other  data  also  support  this hypothesis.  An
association  has  been  found  between  higher  incidence  of
melanoma  and  the latitude  of residence  during  childhood,
suggesting  that  solar  radiation  may  be  involved  in a similar
way  as  in  adulthood.20 Some  data  on  immigrant  populations
have  shown  that the risk  of  melanoma  in individuals  who
immigrated  in  the first  years  of  life  is  equal  to  the risk  in
the  native  population;  this  seems  to  support  the notion  that
solar  radiation  in  the  first  years  of life  plays  a  role  in the
incidence  of melanoma.21

In a  case-control  study  conducted  in 1990,  it was  sug-
gested  that  the  risk  of melanoma  associated  with  solar
radiation  in adults  is  influenced  by  the  amount  of sun expo-
sure  during  childhood.22 However,  it is  important  to  take
into  account  numerous  confounding  factors,  including  the
amount  of radiation  received  in adulthood,  personal  sun
exposure  habits,  and  the  number  of  sunburn  episodes.

One  factor  that  may  influence  the effect  that early  sun
exposure  has  on  the development  of  melanoma  in adult-
hood  is  the  nature  of  the  genetic  damage  induced  by
radiation  during  childhood.23 One  study  found  that  BRAF

mutations  were  more  common  in patients  with  primary  inva-
sive  melanoma  with  a  mean  age  of  47  years  at diagnosis
and  a  history  of intense  sun  exposure  in  the  first years  of
life,  whereas  NRAS  mutations  were more  common  in patients
with  a  history  of  greater  sun  exposure  between  the  ages  of
50  and  60  years  and a mean  age  at diagnosis  of 62  years.24

In  agreement  with  these  data,  another  study  found  that
BRAF  mutations  were  more  common than  NRAS mutations
in  acquired  melanocytic  nevi in sun-exposed  areas  in chil-
dren,  whereas  most  nevi  present  from  birth presented  NRAS

mutations.  However,  the  study  found  that BRAF  mutations
were  more  common  in nevi  acquired  later  in life  that  had
histologic  features  consistent  with  congenital  nevi.25

Nonmelanocytic  Skin  Cancer

The  prevalence  of  nonmelanoma  skin  cancer  in children  is
practically  negligible,  except  in patients  with  DNA repair-
deficiency  disorders  such as  xeroderma  pigmentosum  and
basal  cell  nevus  syndrome.25 Although  sun  exposure  appears
to  play  an  important  role  in these  cases,  the importance
of  cumulative  childhood  solar  radiation  in the  development
of  nonmelanoma  skin  cancer  during adulthood  is  unknown.
A  recent  study  found that childhood  sun  exposure  plays  a

greater  role  in the development  of  squamous  cell  carcinoma
than  in basal  cell  carcinoma.26

Key Points

The  presence  of BRAF  mutations  in acquired
melanocytic  nevi  and  melanomas  is associated  with
greater  sun  exposure  during childhood.  This  exposure
appears  to  play  a greater  role  in  the development  of
squamous  cell  carcinoma  than  in  basal  cell  carcinoma.

Risks  Associated  With  Skin  Phototype

The  risk  of  most  forms  of melanoma  in  adolescence  is  associ-
ated  with  the genes  that  control  skin  pigmentation  and  the
propensity  to develop  melanocytic  nevi. Large  numbers  of
nevi  and  freckles,  red  hair,  blue  eyes,  inability  to  tan,  and
family  history  are the  main  determinants  of  melanoma  risk
in  adolescents.27 This  phototype-related  risk  has a  role  in
the clear  differences  in skin  cancer  risk  between  children
and  adults  who  emigrate  from  high  to  low  latitudes.3

In  a study  carried  out  in Colorado  (United  States)  on
the development  of melanocytic  nevi  in children  aged  3
to  8 years,  non-Hispanic  white  children  developed  more
melanocytic  nevi  (around  4-6  new  nevi  per  year)  than  chil-
dren  of  other  racial  groups,  and  the  mean  number  of new
nevi  in chronically  exposed  body  sites  was  higher  in boys
than  in girls.28 If  the number  of  melanocytic  nevi  is  a risk
factor  for melanoma,  these  children  could  face  a higher
risk  of  melanoma  in direct  relation  to their  sun  exposure
in childhood.29

Key Point

Skin phototype  I  is  the main  risk  factor  for  melanoma
in adolescence.

Risks  Associated  With  Immunosuppression

Various  studies----conducted  in laboratory  models  and
adults----have  shown  that  UV  radiation  suppresses  both  pri-
mary  immune  responses  and memory  T cells  that respond
to  a  wide  variety  of  antigens.30 In  young  children,  however,
it is  presumed  that  the effects  of  UV radiation  can  mod-
ify  not  only present  but  also  future  immune  responses.  In
newborn  mice,  UV radiation  is  associated  with  decreased
cytokine  synthesis  and  depletion  of Langerhans  cells,  dimin-
ishing  these cells’  capacity  to  capture  antigens  and  ability  to
induce  T-cell  proliferation.  It has  also  been shown  that  UV
radiation  suppresses  the helper  T cell---type  response  and
favors  an increase  in  the number  of  regulatory  T cells  in the
lymph  nodes.31

The  aforementioned  effects  of  UV  radiation  could  favor
antigen-specific  immunosuppression,  increasing  the  risk  of
skin  cancer  in the  future.  Experimental  observation  of how,
in  laboratory  models,  a  single  dose  of  UV  radiation  can cause
cancer  in neonates  but  not  in adults  illustrates  how  much
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greater  the  impact  of actinic  damage  can be  in an immature
immune  system.32

In  the  opinion  of  some  authors,  even  the effectiveness  of
vaccination  could  be  influenced  by  the immunomodulatory
effects  of  UV radiation.33

However,  not  all  effects  of  UV  radiation  on the  immune
system  of  children  are harmful.  UV  radiation  also  provides
protection  against  the  development  of  photodermatoses
such  as  polymorphous  light  eruption  and  T cell---mediated
autoimmune  diseases  such  as  multiple  sclerosis  and  asthma.

Key  Point

Although  experiments  in  animals  have  shown  that
UV  radiation  has  immunomodulatory  effects  that  are
negative  (favoring  carcinogenesis)  as  well  as  posi-
tive  (protecting  against autoimmune  diseases),  it  is
unknown  how  these  effects  occur  in  children  or  what
their  true  impact  is.

Is Sun Protection  Associated With  Specific
Risks  in Childhood?

Risk of  Melanocytic  Nevi  and  Melanoma  in
Sunscreen Users

Sunscreen  use  is  the most  common  method  of  sun  protec-
tion in  both  the general  population  and  children.34 The
authors  of  a  study  published  in 1998  found  that sunscreen
use  was  associated  with  the development  of  melanocytic
nevi  in  white  European  children  and hypothesized  that
sunscreen  use  may  encourage  longer  sun  exposure.35 This
observation  seemed  to  suggest  that sunscreen  use  can
have  negative  effects  insofar  as  it leads  to  greater  sun
exposure.  However,  later  research  has suggested  that the
use  of  broad-spectrum,  high  sun  protection  factor  (SPF)
sunscreens  has  the  opposite  effect,  namely,  a  reduction  in
the  number  of  new  melanocytic  nevi  in children,  especially
those  with  freckles.36 A similar  controversy  has  arisen
with  regard  to  the  relationship  between  sunscreen  use  and
melanoma  risk.  Although  the  available  data  are inevitably
indirect  and  subject  to  considerable  bias,  the one  meta-
analysis  that  has  been published  on this  subject  concluded
that  there  is  no  evidence  of an association  between  topical
sunscreen  use  and increased  risk  of  melanoma.37 In  fact,
some  authors  have argued  that  regular  sunscreen  use  may
prevent  melanoma.38 A recent  meta-analysis  concluded
that  there  is  currently  no  evidence  that  sunscreens  protect
against  the  development  of melanocytic  nevi in  children.39

Key  Point

To  date  there  is no  conclusive  evidence  that  sun-
screen  use  either prevents  or  favors  the  development
of  melanocytic  nevi  in children.

Figure  1  Child  with  facial  allergic  contact  dermatitis  caused

by octocrylene.

Risks  Associated  With  Topical  and  Systemic  Adverse
Effects of Sunscreens

The  molecules  contained  in  sunscreens  are  generally  con-
sidered  to  be safe.  The  molecules  in the latest  generation
of sunscreens,  in particular,  are  relatively  large  and  mostly
do  not  permeate  the  epidermis,  limiting  the  likelihood  of
absorption  or  interaction  with  the immune  system.40

However,  it should  be remembered  that  the  stratum
corneum  continues  to  develop  throughout  early  childhood.41

During  the first  year  of  life,  infant  skin  is more  hydrated  and
more  permeable  to  water  and  has  a  higher  concentration  of
natural  moisturizing  factor.42 Given  these  circumstances,  it
is  especially  important  to protect  children  against  the risk
of  absorption  and  adverse  reactions  to  sunscreens.

Oxybenzone  (benzophenone-3)  is  a broad-spectrum  UV
filter.  It has  been  shown  to  penetrate  human  skin  in  vitro  and
has  also  been  found in urine  following  topical  application.  In
a  population-based  study,  oxybenzone  was  found in the urine
of  97%  of  the population  aged  6 years  and  over.43 However,
oxybenzone  penetration  has  not been  shown  to  interfere
with  the hypothalamic-pituitary-gonadal  axis  in adults.44

Because  various  UV  filters,  including  oxybenzone,  have  been
detected  in  breast  milk  in quantities  proportional  to  the
amount  of  sunscreen  applied  to the mother’s  skin,  limited
use  of  sunscreen  in pregnant  women  and  infants  has been
recommended.  To  date,  no  studies  have  demonstrated  the
toxicity  of  systemic  absorption  of sunscreen  ingredients.41

Octocrylene  is  an  ester  formed  by  the condensation  of
diphenylcyanoacrylate  with  2-ethylhexanol,  which  belongs
to the cinnamate  family.  Introduced  approximately  a  decade
ago,  octocrylene  is  a filter  that  absorbs  both  UV-B  and
near---UV-A  radiation.  It  also  plays  an important  role  as  a
stabilizer  of  many  other  filters  (especially  cinnamates  and
butyl-dibenzoylmethane),  increasing  their  efficiency  and
making  them  more  water-resistant.

Because  of  its  advantageous  physical  properties,  octocry-
lene  is  becoming  increasingly  common  and  is being  used
at  higher  concentrations.  Today,  more  than  300 sunscreens
commercially  available  in  Spain  contain  octocrylene.  It is
considered  overall  to  be a safe substance,  but  allergic
and  photoallergic  reactions  have  been  reported  in  recent
years,  even  in small  case  series  of  children  (Fig.  1).  In
adults,  octocrylene  is  often  associated  with  photoallergy,
frequently  because  of  cross-reaction  with  ketoprofen,  but
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in  children  the most  common  manifestation  is  allergic
contact  dermatitis;  octocrylene  is  almost  always  of  present
relevance.45

Retinyl  palmitate  is  found  in many  cosmetic  products
and  it  is also  used as  a  food  additive.  It has  recently  been
suggested  that  this compound  plays  a  role  in  photocar-
cinogenesis  by  producing  excessive  reactive  oxygen  species.
Retinol  (vitamin  A),  an essential  nutrient  that  has  many  bio-
logical  functions,  accumulates  in  the skin  in the  form  of
retinyl  palmitate.  Studies  in mice  have  shown  that  retinyl
palmitate  increases  the  photocarcinogenic  activity  of  UV-
B  radiation.46 However,  after  more  than  50  years  of  use  in
humans,  there  is  no  clinical  evidence  of  such  an effect  in
humans.47

In order  to  minimize  all  of  the  aforementioned  risks
in  children,  the  use  of  sunscreens  containing  inorganic  fil-
ters  has  been  widely  encouraged.  Inorganic  filters  such  as
zinc  oxide  and  titanium  dioxide  have  the  advantage  of
being  highly  photostable  and  nonallergenic.  However,  sun-
screens  with  inorganic  filters are  less  aesthetically  appealing
than  those  which contain  organic  filters.  Technological
advances  have  made  it possible  to develop  increasingly  small
molecules  (20-50  nm  as  opposed  to 200-300  nm  in earlier
formulations).  Sunscreens  that are transparent  to  visible
light,  containing  molecules  smaller  than  0.2  �m,  have also
been  developed.48 The  application  of  nanotechnology  has
made  sunscreens  containing  organic  filters  more  transpar-
ent  and,  therefore,  more  aesthetically  appealing.  However,
the  smaller  particle  size raises  questions  about  whether
the  molecules  might be  absorbed  through  the  skin  and,
therefore,  about  the toxicity  of these  sunscreens.  A recent
study  of  a  sunscreen  containing  nanosized  titanium dioxide
applied  to the  skin  of  animals  showed  that  these nanoparti-
cles  remained  as  aggregates  in the superficial  layers  of  the
epidermis,  both  in intact  skin  and  in  skin  irradiated  by  a
solar  simulator.49 For  the  moment  there  is  no  evidence  that
these  particles  are  absorbed  at higher  rates or  that  they
have  any  potential  cytotoxic  or  genotoxic  effects.  However,
there  is  no  evidence  to  support----or  advise  against----their
use  in  infants  and  children.  Titanium  dioxide  is  widely
used  as  a whitening  agent  in  toothpaste  and  skim  milk,
and  zinc  oxide  is  a  common  ingredient  in  barrier  creams
for  infants  and  in cereals.  The  widespread  use  of  these
compounds  without  any  problems  having  been  detected  sup-
ports  the notion  that  they  are safe  to  use  in infants  and
children.41

Under  baseline  conditions,  titanium  dioxide  and  zinc
oxide  are  unable  to  penetrate  beyond  the  stratum  corneum,
but  doubts  could  be  raised  about  the use  of  these substances
in  individuals  in  whom  the  stratum  corneum  is  not  intact.50

No  studies  carried  out to  date  in human  or  animal  skin  have
shown  that the use  of these  substances  is  unsafe, even  in
individuals  with  damaged  skin  (for  example,  with  atopic
dermatitis).51

Because  sunscreens  are often  used in combination  with
insect  repellants  during  the months  of greatest  sun  expo-
sure,  it  is  important  to  remember  that  sunscreens  can
increase  the absorption  of  repellants  containing  N,N-diethyl-
meta-toluamide,  especially  when  the repellant  is  applied
first.  Likewise,  the  use  of  products  that  contain  both
sunscreen  and  insect  repellant  is  not  recommended.41 More-
over,  sunscreens  must  be  reapplied  but  insect  repellent

should  not  be,  in order  to  avoid  toxicity  due  to  percutaneous
absorption.52

Key Point

At  present,  there  is  no  evidence  that  any  of the
filters  used  in sunscreens  have  harmful  effects  in
children.  However,  the  use  of  organic  filters  such  as
oxybenzone  and  octocrylene,  as  well  as  the nano-
particles  found  in inorganic  filters,  is  controversial,
especially  in young  children  and  in  patients  with  dam-
age to  the stratum  corneum.

Risks  Associated  With  Vitamin  D  Insufficiency

Vitamin  D  is  a hormone  that  is  fundamental  to  the adequate
development  and maintenance  of  the  musculoskeletal  sys-
tem.  It also  plays  an  important  role  in other  functions  of
the  organism,  for  example  in  the  immune  and  cardiovascu-
lar  systems.52 Epidemiologic  studies  carried  out  in adults  in
places  such  as  Australia,  Bangladesh,  and Hong  Kong  sug-
gest  that the  effect  of skin  cancer  prevention  practices  on
vitamin  D  serum  levels  might  depend  on  the sun  protection
measures  used,  place  of  residence,  skin phototype,  age,
and  the  quantity  of  vitamin D  ingested  orally.  Despite  the
high  year-round  levels  of  solar  irradiance  in the aforemen-
tioned  locations,  the studies  found suboptimal  mean  vitamin
D  serum  levels  in adults.54

The  currently  available  evidence  has not shown  that
sunscreen  use  affects  vitamin  D levels  in the  general
population.55 Regular  failure  to  implement  the  theoretical
requirements  for  adequate  sunscreen  application  can,  in
fact,  favor  the  production  of vitamin  D  in many  individuals.56

It has  been  shown  that vitamin  D production  increases  expo-
nentially  in  response  to  UV-B  exposure  when  the layer  of
sunscreen  applied  is  thinner  than  recommended  (< 2 mg
cm-2).57 Unfortunately,  no  specific  studies  have  been  carried
out  in children.

Although  vitamin  D  is  undoubtedly  important  to  maintain-
ing  good  health,  it would be  inappropriate  to  recommend
that  it  be obtained  by  means  of  intentional  sun  expo-
sure  because  UV radiation  is  known  to  be  carcinogenic  to
humans.58 It  has  been  established  that  the  effective  UV  radi-
ation  dose  to  produce  1000  IU  of  vitamin  D----the  dose  that
guarantees  sufficiently  high  serum  levels  for  the  vitamin  to
perform  its  functions----is  25%  of the minimal  erythema  dose
of  incident  UV  radiation  on  25%  of  the  body surface  area
(hands,  arms,  and  face).  In addition,  solar  radiation  must  be
weighted  according  to  the  moment  at which  it is  measured.53

Sun exposure  outside  of  peak  sun  times  (10:00  am  to  3:00  pm

in the spring,  summer,  and fall)  has  a  limited  impact  on  the
cutaneous  synthesis  of  vitamin  D.59 Moreover,  during  the
winter  months,  very  few  UV-B  photons  are able  to  reach
the  surface  of  the earth  at  latitudes  higher  than  35◦.  No
studies  in children  have identified  a  level of  sun  exposure
at which  dietary  vitamin  D intake  might  no  longer  be  nec-
essary.  Both  the American  Academy  of  Pediatrics  and  the
nutrition  committee  of  the  Spanish  Association  of  Pediatrics
(AAP)  recommend  the  use  of  dietary  vitamin D3 supplements
at a daily  dose  of  400  IU  from  birth until  the  age  of  1  year  or
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the  use  of  sufficiently  vitamin  D---enriched  infant  formulas.60

Children  over  the age of 1  year  and  adolescents  whose  daily
dietary  intake  of  vitamin  D  does  not  reach 400 IU  are also
advised  to  take  supplements  at  this  dose.

Key  Point

It does  not  appear  to  be  healthful  practice  to  rely
on  sun  exposure  as  the  essential  source  of  vitamin D  in
children.

Do Current Sun Protection Strategies Meet
Children’s Sun Protection Needs?

Sun  Protection  Campaigns

As  in  any  aspect  of  health,  the most  appropriate  long-term
strategy  for achieving  adequate,  responsible  sun  exposure  is
to  raise  awareness  and  encourage  the population  to  adopt
healthy  habits.  Because  it  is  preferable  that  these  habits
be  adopted  during  childhood,  these messages  should  be
transmitted  through  health-education  campaigns  that show
children  how  to  make  these  habits  part  of  their  routine.
These  campaigns  must  be  coordinated  with  other  efforts
to  promote  healthy  behaviors,  such  as  campaigns  to  pre-
vent  obesity  and metabolic  syndrome.  It has  been  shown
that  the  promotion  of  sun  protection  habits  does  not  lead
to  an  increase  in sedentary  habits  or  body  mass  in chil-
dren.  Ideally,  these  campaigns  should  be  orchestrated  in a
coordinated  manner  and  public  health  organizations  should
dedicate  sufficient  resources  to  them.  Perhaps  counterintu-
itively,  the  advice  given by  pediatricians  or  dermatologists,
albeit  useful,  does  little  to  modify  the habits  of  the
population.61 Large-scale  campaigns  such as  SunSmart  in
Australia,62 SunSafe  and  SunWise  in the  United  States,63---65

and,  on  a  smaller  scale,  SolSano  in Spain66 aim  to  teach  chil-
dren  and  their  parents  how  to  avoid  the harmful  effects  of
sun  exposure  while  engaging  in  outdoor  activities.

Key  Point

Health  education  is  the  most  effective  tool  for get-
ting  children  to  adopt  healthy  habits----including  sun
protection  habits----that  will  last  a lifetime.

General  Sun  Protection Measures

Sun  protection  measures  that  are advisable  for all children,
regardless  of  skin  phototype,  include  wearing  clothing and
hats,  limiting  sun  exposure  during  midday  hours,  and, for
children  over  the age of  6  months,  regularly  using sunscreens
with  an  SPF of  at least  15.67

Sunscreen  Use

As  explained  above,  because  of  the immaturity  of the  epi-
dermal  barrier  and  the prevalence  of  atopic  dermatitis,

especially  in very  young  children,  it is  especially  important
that  children’s  sunscreens  be minimally  irritating,  with  lit-
tle  or  no  potential  for  sensitization,  and  that  they  not  be
absorbed  by the  skin.  Because  children  tend  to rub  their
faces,  it is  also  important  that  children’s  sunscreens  not  be
irritating  to  the  eyes.  In addition,  it is  fundamental  that
children  use  sunscreens  that  offer  broad-spectrum  protec-
tion.  To  meet  the regular  conditions  of  use  in children,
they  should  also  be  long-lasting,  water-resistant,  and  able
to  withstand  physical activity.  The  question  is whether  sun-
screens  designed  for  children  meet these  requirements.

It  may  come  as  a surprise  that  the  European  Commission
Recommendation  of  22  September  2006  does  not  establish
any  obligatory  requirements  for  children’s  sunscreens.  In
general,  sunscreens  for  children  contain  the  same  types  of
filters  as  those  designed  for  adults.  Some  children’s  sun-
screens  have  the  same  characteristics  as  sunscreens  for
sensitive  skin  and  most  are resistant  or  very  resistant  to
water  (able  to  withstand  2-4 immersions  of  20  minutes,  as
required  by  law).

Oil-based  emulsions  containing  inorganic  filters  appear  to
be  the most appropriate  sunscreens  for  preventing  sensitiza-
tion,  irritation,  and  photoallergy,  but  these products  have
not been tested  in children.4 It  has  been  demonstrated,  how-
ever, that  only  children’s  sunscreens  containing  both  organic
and  inorganic  filters  can  provide  an SPF of  50;  sunscreens
containing  only inorganic  filters  cannot  offer  this  level of
protection.68

Application  of  a  sufficient  amount  of sunscreen  is  an
important  factor  in the  effectiveness  of  these  products.
Adults  tend  to  apply  between  one-quarter  and  one-half
of  the  recommended  amount  (2 mg/cm2), and the  SPF
decreases  in  proportion  to  the amount  applied.  A  recent
study  showed  that  the same  effect  occurs  when  children
apply  sunscreen  on  their  own.69 The  average  amount  of  sun-
screen  applied  by  children  between  the  ages  of 5  and  12
years  was  0.48  mg/cm2.  The  amount  applied  was  greater
if  the  container  was  a  pump  dispenser  than  if it was  a
squeeze  bottle  or  a  roll-on container.  Children  aged  5
to  7  years  tended  to  apply  larger  amounts  of  sunscreen
(0.62-0.65  mg/cm2) than  those  aged  10  to 12  years  (0.28-
0.37  mg/cm2).

Key  Point

Oil-based  emulsions  containing  inorganic  filters
appear  to  be the safest  sunscreens  for  children,
although  the addition  of  certain  organic  filters  is  nec-
essary  to  achieve  an SPF of  50.

Recommendations  for  Adequate  Sun
Protection in Children

Given  the  considerations  set  out above,  in  accordance
with  the recommendations  of the American  Academy  of
Pediatrics38 and  of  the American  Academy  of  Dermatology  in
2012,  we  recommend  that  children  and  adolescents  follow
the  sun  protection  advice  presented  in  Table  2.
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Table  2  Sun  Protection  Measures  for  Children  and

Adolescents.

•  Avoidance  of  midday  sun  and wearing  clothing,  hats,  and

sunglasses.

•  Use  of  sunscreens  with  the  following  characteristics:

SPF  ≥  30  (reapply  every  2  h).

Broad  protection  spectrum  (label  should  show the  word

‘‘UVA’’ with  a  circle  around  it).

Water  resistance.

Oxybenzone-free  (and  octocrylene-free,  if  possible,

especially  if  used  in atopic  children).

•  Special  caution  in  children  with  nevi,  freckles,  or  a  family

history of melanoma.

•  Emphasis  on  sun  protection  measures  in children  older

than 10 years,  the age  at  which  the  use  of  these  measures

decreases  sharply  as  interest  in  tanning  increases.

• Avoidance  of  UV-A  radiation  during  adolescence.

•  Although  sun  exposure  is a  source  of  vitamin  D,

administration  of  400  IU  of  vitamin  D3 to  infants  under  the

age of  1  year  and  older  children  and  adolescents  whose

daily dietary  intake  of  vitamin  D is  lower  than  400  IU.

• Sun  protection  recommendations  for  children  under  the

age of  2  years:

Avoidance  of sun  exposure.

Use  of light,  tightly  woven  clothing.

Application  of  sunscreen,  when  necessary,  only  to  areas

not covered  by  clothing  or  a  hat.

Conclusions and  Reflections

Given  the  unique  anatomical,  physiological,  and  functional
characteristics  of  children’s  skin,  the available  evidence
reviewed  in  this  article  supports  the  promotion  of spe-
cific  sun  protection  strategies  for  children.  These  strategies
are  also advisable  because  of  the  carcinogenic  effects
that  exposure  to  UV  radiation  during  childhood  presum-
ably  have  later  in life. Nevertheless,  much  more  evidence
is  needed.  Ideally,  we  need  to  know  the  requirements  and
needs  for  each age range  because  it is  not  very  realis-
tic  to  consider  all of  childhood  as  a single  age  range.
Additionally,  sun  protection  strategies  should be personal-
ized  according  to skin  phototype,  latitude,  and exposure
habits.

Sunscreens  are  the  most  commonly  used sun  protection
measure.  Sunscreens  marketed  for  children  generally  only
highlight  some  of  the  characteristics  also  found  in adult sun-
screens:  high  protection  level,  resistance  to  water,  ability
to  withstand  physical  activity,  and  predominately  inorganic
filters.

There  is  a need  for  child-specific  sun  protection  strate-
gies.  However,  our  technical  capacity  to  address  this  need
is  limited  by  our  incomplete  understanding  of  the specific
nature  of actinic  damage  during  childhood.  As a result, cur-
rent  regulations  only  establish  generic  limits.  The  existence
of  specific  children’s  sunscreens  is  justified,  not  only  to  high-
light  the  special  importance  of  sun  protection  in children  but
also  to offer  products  with  differentiated,  age-appropriate
characteristics.

Until  more  is  known  about  the  spectrum  of  actinic
damage  in  children  from  both  an epidemiologic  and  a

pathophysiological  point  of  view,  the most  appropriate
strategies----and  also  the most  difficult  to  implement----are
likely  to  involve  prevention  campaigns  and  efforts  to  encour-
age  the  general  population,  and  children  in particular,  to
adopt  healthy  sun  protection  habits.

Ethical  Disclosures

Protection  of  human  and  animal  subjects.  The  authors
declare  that  no  experiments  were  performed  on  humans  or
animals  for  the purpose  of  this study.

Data  confidentiality.  The  authors  declare  that  they  have
followed  the protocols  of  their  hospitals  concerning  the pub-
lication  of  patient  data  and  that  all patients  included  in this
study  were  appropriately  informed  and  gave  their  written
informed  consent.

Right  to privacy  and  informed  consent.  The  authors
declare  that  no  patient  data  are  disclosed  in  this article.

Conflicts  of  Interest

The  authors  declare  that they  have  no  conflicts  of  interest.

References

1. Wright CY, Reeder AI. Youth solar ultraviolet radiation exposure,
concurrent activities and sun-protective practices: A review.
Photochem Photobiol. 2005;81:1331---42.

2. Thieden E, Philipsen PA,  Sandby-Moller J, Heydenreich J,  Wulf
HC. Proportion of lifetime UV dose received by children,
teenagers and adults based on  time-stamped personal dosime-
try. J Invest Dermatol. 2004;123:1147---50.

3. Green AC, Wallingford SC, McBride P. Childhood exposure to
ultraviolet radiation and harmful skin effects: Epidemiological
evidence. Prog Biophys Mol Biol. 2011;107:349---55.

4. Paller AS, Hawk JL, Honig P, Giam YC, Hoath S, Mack MC, et al.
New insights about infant and toddler skin: Implications for sun
protection. Pediatrics. 2011;128:92---102.

5. Stamatas GN, Nikolovski J,  Juedtke MA, Kollias N, Wiegand BC.
Infant skin microstructure assessed in vivo differs from adult
skin in organization and at the cellular level. Pediatr Dermatol.
2010;27:125---31.

6. Stamatas GN, Nikolovski J, Mack MC, Kollias N. Infant skin phys-
iology and development during the first years of life: A review
of recent findings based on in vivo studies. Int J  Cosmet Sci.
2011;33:17---24.

7. Volkmer B, Greinert R.  UV and children’s skin. Prog Biophys Mol
Biol. 2011;107:386---8.

8. Cox NH, Diffey BL, Farr PM. The relationship between chrono-
logical age and the erythemal response to ultraviolet B
radiation. Br J  Dermatol. 1992;126:315---9.

9. Gilchrest BA. Molecular aspects of  tanning. J  Invest Dermatol.
2011;131:E14---7.

10. Tuchinda C, Srivannaboon S, Lim HW. Photoprotection by
window glass, automobile glass, and sunglasses. J Am Acad Der-
matol. 2006;5:845---54.

11. Whiteman DC, Valery P, McWhirter W,  Green AC. Risk  factors
for childhood melanoma in Queensland. Australia Int J Cancer.
1997;70:26---31.

12. Green A, Sorahan T, Pope D, Siskind V,  Hansen M, Hanson L,
et  al. Moles in Australian and British schoolchildren. Lancet.
1988;332:1487---97.

http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0005
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0010
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0015
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0020
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0025
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0030
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0035
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0040
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0045
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0050
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0055
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0060


Sun  Protection  in Children:  Realities  and  Challenges  261

13. Dodd AT, Morelli J,  Mokrohisky ST, Asdigian N, Byers TE, Crane
LA. Melanocytic nevi and sun exposure in a cohort of  Colorado
children: Anatomic distribution and site-specific sunburn. Can-
cer Epidemiol Biomarkers Prev. 2007;16:2136---43.

14. Mahé E, Beauchet A, de Paula Corrêa M,  Godin-Beekmann S,
Haeffelin M, Bruant S, et al. Outdoor sports and risk of ultravio-
let radiation-related skin lesions in children: Evaluation of  risks
and prevention. Br J  Dermatol. 2011;165:360---7.

15. Gefeller O,  Tarantino J, Lederer P, Uter W, Pfahlberg AB. The
relation between patterns of  vacation sun exposure and the
development of acquired melanocytic nevi in German children
6-7 years of  age. Am J  Epidemiol. 2007;165:1162---9.

16. Zalaudek I, Whiteman D, Rosendahl C, Menzies SW, Green
AC, Hersey P, et al. Update on melanoma and non-melanoma
skin cancer. Annual Skin Cancer Conference 2011, Hamilton
Island, Australia, 5-6 August 2011. Expert Rev Anticancer Ther.
2011;11:1829---32.

17. Zhu N, Warr R, Cai  R, Rigby HS, Burd DAR. Cutaneous malignant
melanoma in the young. Br J Plastic Surg. 1997;50:10---4.

18. Baade P, Green A, Smithers M, Aitken J. Trends in melanoma
incidence among children: Possible influence of  sun protection
programs. Expert Rev Anticancer Ther. 2011;11:661---4.

19. Youl P, Aitken J,  Hayward N,  Hogg D, Liu L, Lassam N, et al.
Melanoma in adolescents: A case---control study of risk factors
in Queensland. Australia Int J Cancer. 2002;98:92---8.

20. Baade PD, Youlden DR, Valery PC, Hassall T, Ward L,  Green AC,
et al. Trends in  incidence of childhood cancer in Australia, 1983-
2006. Br J Cancer. 2010;102:620---6.

21. Gomez Garcia AM, McLaren CE, Meyskens FL. Melanoma: Is
hair the root of  the problem? Pigment Cell Melanoma Res.
2011;24:110---8.

22. Autier P, Dore JF, EPIMEL and EORTC Melanoma Cooperative
Group. European Organisation for Research and Treatment of
Cancer Influence of  sun exposures during childhood and during
adulthood on melanoma risk. Int J Cancer. 1998;77:533---7.

23. Lin JS, Eder M, Weinmann S,  Zuber SP, Beil TL, Plaut D,
et al. Behavioral Counseling to Prevent Skin Cancer: Systematic
evidence review to update the 2003 U.S. Preventive Ser-
vices Task Force Recommendation [Internet]. Rockville (MD):
Agency for Healthcare Research and Quality (US); 2011 Feb.
http://www.ncbi.nlm.nih.gov/books/NBK53508/. Accessed 15
October 2012.

24. Thomas NE, Edmiston SN, Alexander A, Millikan RC, Groben PA,
Hao H, et al. Number of nevi and early-life ambient UV exposure
are associated with BRAF-mutant melanoma. Cancer Epidemiol
Biomarkers Prev. 2007;16:991---7.

25. Efron PA, Chen MK, Glavin FL, Kays DW, Beierle EA. Pediatric
basal cell carcinoma: Case reports and literature review. J Pedi-
atr Surg. 2008;43:2277---80.

26. Iannacone MR, Wang W, Stockwell HG, O’Rourke K,  Giuliano AR,
Sondak VK, et al. Patterns and timing of sunlight exposures and
risk of basal cell and squamous cell carcinomas of the skin- a
case-control study. BMC Cancer. 2012;12:417.

27. Weir HK, Marrett LD, Cokkinides V,  Barnholtz-Sloan J,  Patel P,
Tai E, et al. Melanoma in adolescents and young adults (ages
15-39 years): United States, 1999-2006. J  Am Acad Dermatol.
2011;65 5 Suppl 1:S38---49.

28. Crane LA, Mokrohisky ST, Dellavalle RP,  Asdigian NL, Aalborg J,
Byers TE, et  al. Melanocytic nevus development in Colorado
children born in 1998: A longitudinal study. Arch Dermatol.
2009;145:148---56.

29. Aalborg J, Morelli JG, Mokrohisky ST, Asdigian NL, Byers TE,
Dellavalle RP, et al. Tanning and increased nevus development
in very-light-skinned children without red hair. Arch Dermatol.
2009;145:989---96.

30. Schwarz T, Schwarz A. Molecular mechanisms of  ultravio-
let radiation-induced immunosuppression. Eur J  Cell Biol.
2011;90:560---4.

31. McGee HM, Malley RC,  Muller HK, Woods GM. Neonatal exposure
to UVR alters skin immune system development, and suppresses
immunity in adulthood. Immunol Cell Biol. 2011;89:767---76.

32. Noonan FP, Recio JA, Takayama H, Duray P, Anver MR, Rush
WL,  et  al. Neonatal sunburn and melanoma in mice. Nature.
2001;413:271---2.

33. Norval M. The challenges of  UV-induced immunomodulation for
children’s health. Prog Biophys Mol Biol. 2011;107:323---32.

34. Severi G, Cattaruzza MS, Baglietto L, Boniol M, Doré JF, Griveg-
née AR, et al., European Organization for Research Treatment
of  Cancer (EORTC) Melanoma Cooperative Group. Sun exposure
and sun protection in young European children: An EORTC mul-
ticentric study. Eur J Cancer. 2002;38:820---6.

35. Autier P, Doré JF, Cattaruzza MS, Renard F,  Luther H, Gentiloni-
Silverj F, et al. Sunscreen use, wearing clothes, and number
of nevi in 6- to 7-year-old European children. European Orga-
nization for Research and Treatment of  Cancer Melanoma
Cooperative Group. J  Natl Cancer Inst. 1998;90:1873---80.

36. Gallagher RP, Rivers JK, Lee TK, Bajdik CD, McLean DI,  Coldman
AJ. Broad-spectrum sunscreen use and the development of new
nevi in white children: A randomized controlled trial. JAMA.
2000;14:2955---60, 283.

37. Huncharek M,  Kupelnick B. Use of topical sunscreens and the  risk
of  malignant melanoma: a meta-analysis of 9,067 patients from
11 case-control studies. Am J Public Health. 2002;92:1173---7.

38. Green AC, Williams GM, Logan V,  Strutton GM. Reduced
melanoma after regular sunscreen use: randomized trial follow-
up. J  Clin Oncol. 2011;29:257---63.

39. De Maleissye MF, Beauchet A, Saiag P, Correa M, Godin-
Beeckmann S, Haeffelin M,  et  al. Sunscreen use and melanocytic
nevi in children: A systematic review. Pediatr Dermatol.
2013;30.

40. Montenegro L, Carbone C, Paolino D,  Drago R,  Stancampiano
AH, Puglisi G. In vitro skin permeation of  sunscreen agents from
O/W emulsions. Int J Cosmet Sci. 2008;30:57---65.

41. Balk SJ, Council on Environmental Health; Section on Dermatol-
ogy. Ultraviolet radiation: A hazard to children and adolescents.
Pediatrics. 2011;127:e791---817.

42. Telofski LS, Morello 3rd AP, Mack Correa MC, Stamatas GN.
The infant skin barrier: Can we preserve, protect, and
enhance the barrier? Dermatol Res Pract. 2012;2012:198789,
http://dx.doi.org/10.1155/2012/198789.

43. Calafat AM, Wong  LY, Ye  X, Reidy JA, Needham LL. Concentra-
tions of  the sunscreen agent benzophenone-3 in residents of
the United States: National Health and Nutrition Examination
Survey 2003-2004. Environ Health Perspect. 2008;116:893---7.

44. Janjua NR, Mogensen B, Andersson AM, Petersen JH, Hen-
riksen M, Skakkebaek NE, et  al. Systemic absorption of
the sunscreens benzophenone-3,octyl-methoxycinnamate, and
3-(4-methyl-benzylidene) camphor after whole-body topical
application and reproductive hormone levels in humans. J  Invest
Dermatol. 2004;123:57---61.

45. Avenel-Audran M, Dutartre H, Goossens A, Jeanmougin M,
Comte C, Bernier C. Octocrylene, an emerging photoallergen.
Arch Dermatol. 2010;146:753---7.

46. National Toxicology Program. Photocarcinogenesis study of
retinoic acid and retinyl palmitate [CAS Nos. 302-79-4 (All-
trans-retinoic acid) and 79-81-2 (All-trans-retinyl palmitate)]
in SKH-1 mice (Simulated Solar Light and Topical Application
Study). Natl Toxicol Program Tech Rep Ser. 2012;568:1---352.

47. Burnett ME, Wang SQ. Current sunscreen controversies:
A critical review. Photodermatol Photoimmunol Photomed.
2011;27:58---67.

48. Informational brochure on Z-cote, a sunscreen contain-
ing microfine zinc oxide. http://www.solsunguard.com/
zcote brochure.pdf. Accessed December 2012.

49. Miquel-Jeanjean C, Crépel F, Raufast V, Payre B, Datas L, Bessou-
Touya S. Penetration study of formulated nanosized titanium

http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0065
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0070
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0075
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0080
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0085
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0090
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0095
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0100
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0105
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0110
http://www.ncbi.nlm.nih.gov/books/NBK53508/
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0120
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0125
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0130
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0135
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0140
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0145
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0150
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0155
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0160
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0165
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0170
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0175
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0180
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0185
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0190
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0195
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0200
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0205
dx.doi.org/10.1155/2012/198789
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0215
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0220
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0225
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0230
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0235
http://www.solsunguard.com/zcote_brochure.pdf
http://www.solsunguard.com/zcote_brochure.pdf
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245
http://refhub.elsevier.com/S1578-2190(14)00044-4/sbref0245


262  Y.  Gilaberte,  J.M.  Carrascosa

dioxide in models of damaged and sun-irradiated skins. Pho-
tochem Photobiol. 2012;88:1513---21.

50. Wang SQ, Tooley IR. Photoprotection in the era of nanotechnol-
ogy. Semin Cutan Semin Cutan Med Surg. 2011;30:210---3.

51. Schilling K,  Bradford B, Castelli D, Dufour E, Nash JF, Pape W,
et al. Human safety review of  ‘‘nano’’ titanium dioxide and zinc
oxide. Photochem Photobiol Sci. 2010;9:495---509.

52. American Academy of Pediatrics, Committee on Envi-
ronmental Health. Follow safety precautions when using
DEET on children. AAp News May 2003. http://aapnews.
aapublications.org/cgi/content/full/e200399. Accessed 10
November 2012.

53. Gilaberte Y,  Aguilera J, Carrascosa JM, Figueroa FL, Romaní de
Gabriel J, Nagore E. Vitamin D: Evidence and controversies.
Actas Dermosifiliogr. 2011;102:572---88.

54. Van Schoor NM, Lips P. Worldwide vitamin D status. Best Pract
Res Clin Endocrinol Metab. 2011;25:671---80.

55. Norval M, Wulf HC. Does chronic sunscreen use reduce
vitamin D production to insufficient levels? Br J Dermatol.
2009;161:732---6.

56. Reddy KK, Gilchrest BA. Iatrogenic effects of photoprotection
recommendations on skin cancer development, vitamin D lev-
els, and general health. Clinics Dermatol. 2011;29:644---51.

57. Faurschou A, Beyer DM, Schmedes A, Bogh MK, Philipsen PA, Wulf
HC. The relation between sunscreen layer thickness and vitamin
D production after ultraviolet B exposure: A randomized clinical
trial. Br J  Dermatol. 2012;167:391---5.

58. Van der Pols JC, Russell A, Bauer U, Neale RE, Kimlin MG, Green
AC. Vitamin D status and skin  cancer risk independent of time
outdoors: 11-year prospective study in an  Australian community.
J Invest Dermatol. 2012;133:637---41.

59. Dowdy JC,  Sayre RM, Holick MF. Holick’s rule and vitamin D  from
sunlight. J Steroid Biochem Mol  Biol. 2010;121:328---30.

60. Martinez Suarez V, Moreno Villares JM, Dalmau Serra J,
Comité de Nutrición de la Asociacion Española de Pediatría.
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