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Abstract  The  prevalence  of bone  dysplasias  is  estimated  to  be  one  case  per 1000  inhabitants,

which suggests  that,  at  some  point  in the  career  of  an  orthopedic  surgeon,  he  will face  with

one of  these  patients.  The  aim  of  this paper  is  to  review  the  general  aspects  of  bone  dys-

plasias  and  focus  on  those,  which  due  to  their  frequency  and  importance,  we  consider  most

relevant  (achondroplasia,  multiple  epiphyseal  dysplasia,  spondyloepiphyseal  dysplasia,  osteo-

genesis imperfecta),  reviewing  their  fundamental  features  and  the  latest  therapeutic  advances.

There is no  cure  for  these  diseases,  so early  diagnosis  and  appropriate  therapeutic  management

become  the  key  to  improving  quality  of  life  of  these patients.

© 2013  SECOT.  Published  by  Elsevier  España,  S.L.  All rights  reserved.
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Novedades  en  displasias  óseas

Resumen  La  prevalencia  de las displasias  óseas  se  calcula  en  un caso  por  cada  1.000

habitantes,  lo  que  evidencia  que,  en  algún  momento  de  la  trayectoria  profesional  de  un

especialista  en  cirugía  ortopédica,  se  encontrará  ante  un  paciente  afecto  por  ellas.  El obje-

tivo de  este  trabajo  es  revisar  los aspectos  generales  de las  displasias  óseas  y  centrarnos

en las  que,  por  su frecuencia  e  importancia,  hemos  considerado  más  destacadas  (acon-

droplasia,  displasia  epifisaria  múltiple,  displasia  espondiloepifisaria  y  osteogénesis  imperfecta),

revisando sus  características  fundamentales  y  los  últimos  avances  terapéuticos.  No  existe

tratamiento curativo  para  estas  enfermedades,  por  lo  que  el diagnóstico  precoz  y  el manejo

terapéutico  adecuado  se  convierten  en  la  clave  para  mejorar  la  calidad  de vida  de  estos

pacientes.
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Overview

The  terms  bone  dysplasias,  skeletal  dysplasias  and  osteo-
chondrodysplasias  refer  to  a  heterogeneous  group of skeletal
disorders  which  present  the  common  feature  of  gener-
alized  alteration  of  bony and  cartilaginous  tissue.  They
are  one  of  the  most  common  causes  of severe  growth
delay.
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It  is important  to  clarify  certain  concepts  which tend to
be  used  indistinctly:

•  Dysplasia:  processes  involving  generalized  skeletal
defects  caused  by  intrinsic  alterations.

•  Dysostosis:  processes  limited  to  a specific  bone  or  bone
segment.

•  Dystrophy:  defects  caused  by  an extrinsic  process.

There  are  over  200  skeletal  dysplasias,  some  of  them  with
a  very  low  prevalence.  The  overall  frequency  of  these dis-
eases  is difficult  to  establish,  but  if we  include  latent  or
hidden  forms  which  are not diagnosed,  the  prevalence  would
reach  1  case  per  1000  inhabitants,  with  achondroplasia  being
the  most  common  (Fig.  1).

The  pathogenesis  of these  disorders  can  be  attributed
to  a  deficiency  of  normal  tissue  components,  to  an excess
of  mutant  elements,  to the accumulation  of  intermedi-
ary  metabolites  and  to  irregularities  in  the  mechanisms
which  regulate  the  development  of  bony  and  cartilaginous
tissue.1 The  etiopathogenesis  of  these  diseases  is  often
linked  to  mutations  in the  genes  encoding  collagen  pro-
teins.  Mutations  in the  COL2A1  gene  have been  described  in
chondrodysplasias  with  ocular  involvement,  such  as  spondy-
loepiphyseal  congenital  dysplasia  and Kniest  syndrome,
mutations  in the  COL10A1  gene  in Schmid  metaphyseal
dysplasia  and  mutations  in the  COL9A2  gene in multiple
epiphyseal  dysplasia  (MED).  Another  frequently  affected
protein  in  these  entities  is  fibroblast  growth factor  recep-
tor  3  (FGFR3),  which presents  mutations  in achondroplasia,
hypochondroplasia  and  thanatropic  dysplasia.  Most  bone
dysplasias  follow  a pattern  of  autosomal  dominant  inheri-
tance.  However,  many  of  them  arise  from  de novo  mutations,
with  advanced  paternal  age  being a significant  risk
factor.

The  traditional  classification  is  that  established  by
Rubin,2 which  differentiates  between  hypo- and  hyper-
plasias  according  to  the affected  bone  area  (Fig.  2).
However,  it is currently  more  common  to  group them
according  to their  molecular  origin  and  genetic  disorders

identified.3 One  example  is  the classification  established  by
Nelson4:

•  Involvement  of  the cartilage  matrix  proteins:  spondy-
loepiphyseal  dysplasias,  MED.

• Involvement  of  transmembrane  receptors:  achondroplasia
group.

•  Altered  ion  transport:  diastrophic  dysplasia,  achondroge-
nesis.

• Involvement  of  transcription  factors:  campomelic  dyspla-
sia,  nail-patella  syndrome.

•  Defects  in  bone  resorption:  osteopetrosis.
• Unknown  defects:  asphyxiating  thoracic  dystrophy  or

Jeune  syndrome,  Caffey  disease  or  infantile  cortical
hyperostosis.

In  daily  clinical  practice  it  is  more  practical  to  clas-
sify  them  by  skeletal  area  affected:  (a)  axial  skeleton
(spondyloepiphyseal  dysplasia  [SED]  and  metatropic  dys-
plasia  or  Kniest  syndrome),  (b)  epiphysis  (MED,  hemimelic
epiphyseal  dysplasia)  and (c)  metaphysis  (achondroplasia,
thanatophoric  chondrodysplasia).2,5

The  main  characteristics  of  the  most prevalent1---5 and  sig-
nificant  bone  dysplasias  in our  environment  are  summarized
below.

Achondroplasia

Overview

This  is the  most  common  bone  dysplasia,  with  an estimated
incidence  of  1/30,000  live  newborns,2,5 and  the best-known
type  of dwarfism.1---5 The  term  employed  to  describe  the
disease  is not  entirely  appropriate,  as it is  a failure  of endo-
chondral  ossification,  rather  than  chondrogenesis.2

Etiology

Although  it follows  an  autosomal  dominant  pattern,  it
appears  de novo in up  to  80%  of  cases4 due  to  a point

Down syndrome

Achondroplasia

Osteogenesis imperfecta

Multiple epiphyseal dysplasia 

Marfan syndrome

Spondyloepiphyseal dysplasia 

0 140120302010 ....

Figure  1  Comparison  of  the  incidence  of  the  most  frequent  bone  dysplasias  with  other  hereditary  diseases.
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Figure  2  Rubin  classification.  It  distinguishes  between  bone  dysplasias  according  to  the  affected  area  of  the  bone,  marking

whether they  are  hypo-  or  hyperplasias.

mutation  in  codon  380  of  the gene  encoding  FGFR3  located
on  the  short  arm  of chromosome  4.1---5 FGFR3  seems  to limit
endochondral  ossification  and  its  mutation  increases  this
inhibition,2 with  intramembranous  and  periosteal  ossifica-
tion  remaining  unaltered.

Characteristics

It is  usually  diagnosed  at birth or  prenatally,3 through
observations  of disproportionately  short  stature  with  char-
acteristic  craniofacial  dysplasia  (macrocephaly,  frontal and
biparietal  prominence,  midface  hypoplasia,  flattening  of  the
occiput,  depressed  nasal  bridge  and prognathism1---5).  It  is
important  to distinguish  it from  other  forms  of dwarfism
in  the  neonatal  period.1 In this  case,  it is of  rhizomelic
type,  where  the proximal  limb  segments  are relatively
short  in  comparison  with  the  trunk.1---5 Other  character-
istics  which  are  present  at birth include  redundant  skin
folds  with  appearance  of excessive  muscle  tissue,  extreme
lassitude  of  all joints  except  the  elbow,  which has  a cer-
tain  limitation  for  extension,  short  hands  with  ‘‘trident’’
deformity,  called  thus  because  there  is  a  clear  separation
between  the  middle  and  ring fingers,  and ‘‘sea  star’’  defor-
mity  called  thus  because  the 3 middle  fingers  have  the
same  length.  During  lactation  there  is  usually  a  delay  in the
acquisition  of  motor  skills  due  to  hypotonia,  joint  hyper-
lassitude  and mechanical  difficulty  to  balance  an  oversized
head  with  a  normal  trunk  and  short  limbs.  However,  this

motor  delay  can  also  be the  first  manifestation  of  a  cervical
myelopathy  resulting  from  stenosis  of  the  foramen  mag-
num,  an entity  which  should  always  be ruled  out in these
patients.1,2,4 Subjects  may  present  thoracolumbar  kyphosis,
which  evolves  into  lumbar  hyperlordosis  as  the child  begins
to  walk.1---5 Hydrocephalus  may  appear,  usually  not requir-
ing  treatment,  as  well  as  repeated  otitis  media,  which  can
lead  to  deafness,  and  dental  crowding.  The  IQ  of  these
patients  is  usually  normal.  Angular  deformities  appear  in
both  lower  limbs  during  childhood  and  adolescence:  genu

varus, internal  tibial  torsion and varus  deviation  of  the
ankle,  due  to tibial  malformation  and  increased  fibular
length  with  respect  to  the  tibia.1---5 Coxalgia  and  neurolog-
ical  symptoms  in the  lower  limbs  may  appear  in adulthood
as  a  possible  manifestation  of  spinal  canal  stenosis,  which
should  not  to  be attributed  to  early  osteoarthritis,  which  is
infrequent.1

The  radiological  findings  present  at birth,  along with
the  phenotype,  are diagnostic;  it  is  essential  to  request
radiographic  studies  of  the skull,  lumbar  spine  and  pelvis1

(Fig.  3). The  cranial  bones  are large,  whilst  the  skull  base
and  facial bones are hypoplastic.  Occipitalization  of  the
atlas  is  frequently  carried  out  in  the  cervical  spine.1 The  ver-
tebral  pedicles  are short  and the interpedicular  distance  is
inverted.1,2,4 The  ilia are short  and  rounded,  with  an appear-
ance  of  ‘‘elephant  ears’’,  the  sacrum  is horizontalized  and
the  acetabular  roofs  are  flat.  Wedging  of T12-L1  is  not
uncommon,  eventually  producing  cauda  equina  syndrome.1

All  tubular  bones  are  short,  except  for  the fibula  which  is
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Figure  3  Typical  radiological  findings  in achondroplasia:  distal  femoral  epiphysis  in  inverted  ‘‘V’’ shape,  fibula  longer  than  tibia,

horizontalization  of  sacrum,  lumbar  hyperlordosis.

disproportionately  long  compared  to  the  tibia.  The  growth
plate  of  the  distal  femur  presents  a characteristic,  inverted
‘‘V’’  shape.1 The  radial  head is  deformed  and tilted  toward
the  posterior  part,  degenerating  into  subluxation  and/or
posterior  dislocation  thereof  in late  childhood.

Treatment

Early  diagnosis,  continuous  neurological  assessment  (for
foramen  magnum  stenosis  during  early  childhood  and  lum-
bar  in adulthood)  and  providing  the  family  with  information
about  the  disease  are very  important.

The  use  of  growth  hormone  has  not  shown  great
benefits,2,3 as  the  disease  is  not  due  to  a  deficit  thereof,2

and  positive  results  have  only been obtained  in patients  with
a  lower  growth  rate.2 Recent  studies  have  shown  a  decrease
in  cellular  expression  of  parathyroid  hormone  receptor  and
an  increased  tendency  of chondrocytes  toward  apoptosis,
a  fact  that  would explain  the lack  of  response  to  growth
hormone  therapy.2,6

Orthopedic  treatment  is  focused  on  3 aspects:  bone
elongation,  correction  of  axial  deviations  and treatment  of
spinal  stenosis  and  thoracolumbar  kyphosis.  Bone  elonga-
tion  is  the  most  controversial  and,  although  it  has  been
conducted  frequently  in recent  years,  at present  there  are
doubts  regarding  the  real  benefits  it provides.  In clinical
practice,  this process  only offers  benefits  if a  final  height
of  150  cm is  achieved,  implying  elongations  of  25---30  cm
in  the  lower  limbs,  as  well  as  the need  to also  lengthen
the  humerus  in  order  to  facilitate  personal  care.  The  total
period  required  may  exceed  2 years  and it entails  a high
risk  of  complications.  Several  authors  have  not  found statis-
tically  significant  differences  in terms  of improving  quality

of  life  in  elongated  patients  compared  to  patients  suffer-
ing  achondroplasia  who  did not undergo  this  procedure.7---9

Seung-Ju  et  al.10 used  3 questionnaires  and  found  that  the
scores  obtained  in the  mental,  physical  and functional  com-
ponents  were similar  for  both  groups  of  patients  and that
these  scores  were  inversely  proportional  to  the number  of
complications  arising  during  the elongation  process.  These
authors  concluded  that  bone elongation  could  be  a  reason-
able  treatment  option  provided  that  patients  understand  the
benefits  and risks  of  the process  and  that  it  is  conducted  as
a multidisciplinary  process  paying  special  attention  to any
complications  which  arise  so they  can  be acted  on  at an  early
stage.  The  Little  People  of  America  Association  came  to  the
same  conclusions.11

As  for  the treatment  of spinal deformities,  kyphosis  is
the  most  common,  mainly  at the D12-L1  level,  and  steno-
sis  is  the most  severe.1---5 In  most  cases,  kyphosis  improves
when  the child  begins  to  walk,  but  in  10---15%  of cases it
remains  and even  increases.  Treatment  will  depend  on  the
age  at  which  the  deformity  is detected.  During  childhood  the
main  objective  is to  prevent  the  occurrence  of the defor-
mity  through  certain  postural  rules,  such as  avoiding  sitting
in backless  chairs  and maintaining  a  straight  back in daily
life.  Once it is  established,  a brace  is  indicated  if the kypho-
sis  is  accompanied  by  a  progressive  and  significant  vertebral
wedging  and/or  if the Cobb  angle  is  not reduced  below  30◦

in hyperextension  radiographs.  In  cases  in  which a  normal
brace  is  insufficient,  a plaster  brace  may  be applied  in hyper-
extension.  Surgical  treatment  is  indicated  for  cases  in which
kyphosis  persists  despite  conservative  treatment.  The  diag-
nosis  of spinal  stenosis,  normally  obtained  during  the third
decade  of  life  by  the presence  of neurogenic  claudication,
represents  an  absolute  and immediate  indication  for  sur-
gical  decompression.  This  is  carried  out from  several  levels
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above  the  stenosed  area  to  S2,  with  laminectomies  and even
foraminotomies  being  necessary  in  those  cases  in  which  the
roots  are  also  affected.2 Once this complication  has  been
established,  the  results  are  unpredictable.1

Several  lines  of research  are currently  attempting  to
reduce  the  hyperactivity  of  FGFR3,12 including:  selective
chemical  inhibition  of  tyrosine  kinase  activity  in FGFR3,13

antibodies  which block  activation  of  FGFR3  based  on
trastuzumab,14,15 (monoclonal  anti HER2/neu  antibody)  and
the  use  of C-type  natriuretic  peptide  as  an antagonist  of
the  signal  triggered  by  FGFR3.16---18 Although this  disease
is  associated  to  a  high  rate  of  perinatal  mortality,  those
patients  who  survive  have  a  similar  life  expectancy  to
that  of  the  general  population4 and  their  overall  health
assessment  index  is  not significantly  lower.2 The  mean  final
height  reached  is  131  cm  among  males  and  124 cm  among
females.1

Multiple epiphyseal dysplasia

Overview

MED is  another  example  of  the most  common  skeletal  dys-
plasias  caused  by a disruption  in endochondral  ossification  of
the  epiphysis,  especially  at  the level  of the proximal  femoral
epiphysis.3 It has  a  prevalence  of 10---12  cases  per  million
inhabitants.4 Conventionally,  2 variants  of  the  disease  were
identified,  the  severe  or  Fairbank  type form  and a  milder  of
Ribbing  variant.  At  present,  based  on  current  knowledge  of
the  genetic  bases  of  this  bone  dysplasia,  it is considered  as
a  single  disease,  without variants,  but  with  a highly  variable
expression.2

Etiology

It  is an  autosomal  dominant  disorder,  although  the liter-
ature  contains  reports  of  recessive  cases  of  this  disease
caused  by  a  mutation  in  the  gene  encoding  the oligomeric
cartilage  matrix  protein  located  on  chromosome  19. There
are  also  mutations  in the genes  encoding  type IX  collagen
(COL9A2)  and  matrilin-3.1,2,4 The  end  result  of  these  muta-
tions  is  an  anomaly  in the  matrix  of  hyaline,  articular  and
physeal  cartilage1 resulting  in the typical  deformities  of  the
disease.

Characteristics

MED  is  not  usually  diagnosed  until  early  childhood  through
consultation  for one  of  the following  reasons:  joint  pain
in  the  lower  limbs  (mainly  the  hips),  decreased  range  of
mobility,  gait  alterations  and angular  deformities  of  the
knees.2 Load  bearing  joints  (hips,  knees  and  ankles)  are the
most  commonly  affected.  The  hands  of  these  patients  are
small  and  with  impaired  mobility,  and  fatigue  of  the hands
caused  by  writing  is  a  common  trait.1 The  growth  rate  is
decreased,  with a final result  of  short  stature,  although  with-
out  reaching  dwarfism.1---3 The  facies  and  spine  are  normal.
There  are  no  visceral  alterations  and  the  level  of  intel-
ligence  is not  affected.  A  prenatal  diagnosis  is  possible

in  familial  cases  associated  to  cartilage  matrix  oligomeric
protein.

Conventional  radiology  is  essential  for  the  diagnosis  of
the  disease,  and  studies  of  the  pelvis,  spine, knees,  ankles
and  wrists  are also  necessary.1 Radiological  findings  may
include  delayed  appearance  of  any  ossification  nucleus,
although  the  changes  will be most  evident in the proximal
and  distal  epiphyses  of  the femurs,  and  proximal  of  the
humerus  and  tibias.2 The  severity  and  extent  of the  dis-
ease  are highly  variable  among  families,  which  influences
the  age  of  onset  of osteoarthritis.  Radiological  changes
in  the hips  are  reminiscent  of those  observed  in  Perthes
disease,  the main  differential  diagnosis of this bone  dys-
plasia.  In fact,  MED  should  be ruled  out  in any  patient
suspected  of  suffering  bilateral  Perthes.1---3 The  features  that
distinguish  this  entity  from  Perthes  disease  include  sym-
metrical  and  fairly  synchronous  radiological  changes  in the
hips,  preserved  femoral  metaphyses  and articular  cartilage,
more  severe  involvement  of the  acetabulum  and absence  of
femoral  head subluxation.2 SED is  the other  bone  dysplasia
which  should  be  distinguished  from  MED,  with  involvement
or  not  of the spine  being  the  key point to  establish  this
distinction.1 Osteoarthritis  is  the main  problem  of  these
patients  and  usually  occurs  between  the second  and  third
decades  of  life,  depending  on  the severity  of the disease,  as
mentioned  previously.

Treatment

Treatment  is  symptomatic  and  its  key  aspects  are early  diag-
nosis  and  monitoring.1---5 Rest  and  unloading  with  canes are
indicated  in coxalgia  during  childhood.  The  use  of paraceta-
mol  is  recommended  in  patients  with  nocturnal  increase  of
hip  pain.1 There  is  no  evidence  that femoral  osteotomies
improve  the prognosis  or  the  future  need  for  total  hip
arthroplasty3 (Fig.  4).  In  fact,  they  are even  contraindicated
in  patients  with  a significant  degree  of preexisting  coxa

vara.2 Total  bilateral  hip  arthroplasty  at an early  age  will
be  the ultimate  solution  for  most patients.  In some cases,
glenohumeral  joint  replacement  may  also  be necessary.

Life  expectancy  is  normal  and  the fundamental  limitation
is  premature  coxarthrosis.  The  final  height  ranges  between
145  and  170 cm.

Spondyloepiphyseal dysplasia

Characteristics

SED includes  a group  of disorders  which  are  characterized
by  delayed  ossification  of  the  epiphyses  of  long  bones  and
the  axial  skeleton.  Its  prevalence  is  estimated  at  7---11 cases
per  million  inhabitants.  Several disorders  can  de  distin-
guished  within  this  group,  such  as  type  II  achondrogenesis
and hypochondrogenesis,  both  lethal  in  newborns,  and  the
congenital  and late  forms  of  SED itself.

Congenital  spondyloepiphyseal  dysplasia

The  reported  prevalence  is  of  3---4  cases per  million
inhabitants.2 This  is  an autosomal  dominant  disorder
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Figure  4  On the  left,  AP  radiograph  of the  pelvis  showing  irregular  femoral  epiphyses  with  multiple  epiphyseal  ossification  centers,

bilateral deformities  in coxa  vara.  On  the right,  treatment  of  deformities  by  valgus  and  derotatory  osteotomy.

although  most  new cases  arise  from  de novo  mutations2,3

in  the  gene  encoding  type  II collagen,  located  on  the long
arm  of  chromosome  12,  and  generating  an impaired  function
of  this  protein  in the growth  and  joint  plates,  intervertebral
discs  and  vitreous  humor.1,3 This  pathology  is  evident  at  birth
due  to its  characteristic  phenotype:  rhizomelic  dwarfism,
flattened  face with  malar  hypoplasia  and cleft  palate,  pec-

tus  carinatum  (or chicken  breast)  and  clubfoot.1---5 Hypotonia
and  delayed  motor  development  are common  during  infancy
and  it  is  important  to  rule  out  that  the  underlying  cause
is  cervical  myelopathy  caused  by  atlantoaxial  instability,
which  is  frequent  among  these  patients.  Another  significant
complication  in  this  period  is respiratory  failure  as  a result  of
the  small  size  of the  chest  cavity.2,4 Lumbar  lordosis,  devel-
opment  of  progressive  kyphoscoliosis  and waddling  gait  due
to  coxa  vara  and flexion  contracture  of  the hips  are  common
features  during  the first  years  of life  of  these  patients.  Pre-
mature  osteoarthritis  starts  to  appear  during  adolescence
and  adulthood,  especially  in  the  hips  and  knees.  Extraskele-
tal  disorders  include  a high  risk  of  retinal  detachment
during  adolescence  and  the possibility  of developing  hear-
ing  problems.1,2,4 Radiological  anomalies  are present  at birth
and  consist  in a delay  in  virtually  all  ossification  centers,1---5

with  the  proximal  femur  and  tibia,  pelvis  and  spine  being  the
most  affected.1 Common  findings  at the spinal  level include
odontoid  hypoplasia  or  the  presence  of  an  os  odontoideum,
narrowing  of the intervertebral  space,  progressive  lumbar
lordosis  and thoracic  kyphoscoliosis  with  a sharp  angulation
concentrated  in  several  vertebral  bodies.2 A lack  of  ossifi-
cation  of the proximal  femoral  epiphysis  during  childhood
gives  rise  to  progressive  coxa vara, elevation  of  the  greater
trochanter  and  shortening  of  the  femoral  neck,1,2 all of
which,  combined  with  hip flexion,  contribute  to premature
osteoarthritis.  Regarding  the management  of  the disease,
the  first  point  is  to  establish  a differential  diagnosis  with
some  forms  of  mucopolysaccharidoses,  mainly Morquio  dis-
ease,  with  hypothyroidism  and pseudoachondroplasia.3 The
diagnosis,  as  well  as  subsequent  follow-up,  requires  a com-
plete  bone  map.  The  most  severe  complication  is  cervical
myelopathy  due  to  atlantoaxial  instability,  whose  suspicion

must  lead  to  a thorough  neurological  examination,  cervi-
cal  radiographs  in flexion  and  extension  and  even  an  MRI
scan.1,2 Treatment  options  include  atlantoaxial  fusion,  sur-
gical  decompression  and  fusion  of  the atlas  to  the  occiput.2

Regarding  scoliosis,  present  in  over half  of all patients,  if
the  curve  is  less  than 40◦ it should attempt  to  be controlled
using  a  brace,2 with  surgical  correction  being  reserved  for
greater  curves.  Kyphosis  can  be optimally  controlled  using
a  Milwaukee  brace  as  long  as it is  maintained  until  skeletal
maturity.2 Virtually  all patients  will  require  both  femoral  and
acetabular  osteotomies  for  the treatment  of coxa vara, with
the combined  treatment  of flexion  contractures  also  being
advisable.2 Pauwel’s  Y-shaped  intertrochanteric  osteotomy
is  particularly  indicated  in these  patients.1 The  alignment
of  the  knees  should  be  assessed  prior  to  the  correction  of
the hips,  and  be  corrected  in the same  surgical  procedure,
if necessary.  In most patients,  prosthetic  replacement  of
the  affected  joints  at an  early  age  will  be unavoidable,1---5

in many  cases requiring  new,  concomitant  osteotomies.
Foot  deformities  will  be  treated  in the same  manner  as
in  patients  who  are not  affected  by  this  disease.2 The
final  size  of  these patients  usually  ranges between  80  and
125  cm.1,2

Late spondyloepiphyseal  dysplasia

This  is  an X-linked  disorder  and  therefore  more  severe  in
males,  although  a recessive  form  has also  been  described.
It is  caused  by  a  mutation  in type  II collagen.2 Clinical  man-
ifestations  do  not  appear  until  infancy,  when  short  stature
accompanied  by  pain  in  the  hips,  knees  and  back  becomes
evident.  The  typical  features  of this  disease  are shortened
trunk,  pectus carinatum  and premature  osteoarthritis,  par-
ticularly  in the hips  and shoulders.1---5 The  final  height  is
around  150  cm.  Radiologically  it  is  possible  to  observe  pre-
dominant  involvement  of the  shoulders,  hips  and  knees,
as  well  as  generalized  platyspondylia.  Odontoid  hypopla-
sia  and  also  os odontoideum  may  be  present  and  cause
atlantoaxial  instability,  which must  be  ruled  out,2 as  well



Advances  in  bone  dysplasias  177

as  scoliosis.  Clinical  and  radiological  association  is  neces-
sary  in  order  to  establish  the diagnosis  of  the disease  and
carry  out  a  differential  diagnosis  with  MED  (it rarely  affects
the  axial  skeleton)  and  Scheuermann  disease  (vertebral
involvement  is  generalized).1 Total  prosthetic  replacement,
preceded  or  not  by  corrective  osteotomies,  will  be neces-
sary  in  most  patients  at younger  ages  than  in the general
population.1---5

Osteogenesis  imperfecta

Osteogenesis  imperfecta  (OI)  is  the most  common  cause  of
osteoporosis  with  a  genetic  origin.4 It  has  an estimated  inci-
dence  of  1:20,000  live  newborns,1---5 although  a type  VIII
mutation  of the  disease  has  been  described  in West  Africa
with  an  incidence  of  1:200---300  among  African  American
carriers.4

It  has  considerable  variability,  caused  by  quantitative
and/or  structural  defects  in type I collagen,  the  main  com-
ponent  of  the  extracellular  matrix  of  bone  and skin  tissue.4

Most  cases  follow  a pattern  of  autosomal  dominant  inher-
itance,  either  due  to  preexisting  or  de novo mutations,
although  this condition  may  also  be  inherited  in an auto-
somal  recessive  pattern.1,3,4 Autosomal  dominant  forms  may
be  caused  by  2  types  of  mutations  of  the genes  which  assem-
ble  and  encode  type I  collagen:  inactivation  of  one  allele  of
the  gene,  resulting  in a 50%  reduction  of  the amount  of colla-
gen,  structurally  normal,  or  reduction  of the  amount  of  type
I  collagen  associated  with  a  mutation  of  one of  the  chains,
with  a  quantitative  and  structural  collagen  reduction.1 The
result  is  the  synthesis  of  bones  with  fine  and  fibrous  trabec-
ulae  and  with  an abnormal  proteoglycan  and fundamental
substance3 content,  which  are very  sensitive  to  breakages
and  deformities.

Clinically,  the  disease  is  characterized  by  the  triad  of
Eddowes  van  der  Hoeve:  bone  fragility,  blue  sclera  and
early  deafness.4,19 At  present,  8 different  types  of  the  dis-
ease  are  recognized,  based on  the 4  types  described  by
Sillence  in  19791,4,20,21 according  to  clinical  and  radiological
criteria:

Type  I.  The  classical  form  of OI,  as  well  as  the  most
common  and  mildest.1 It is  transmitted  in  an autosomal  dom-
inant  pattern  and patients  present  the classic  triad.  Two
subtypes  are  identified,  A and  B,  depending  on  the presenta-
tion  (B)  or  not (A)  of dentinogenesis  imperfecta.1,4 Fractures
are  more  frequent  than  in healthy  children  and  appear
when  the  child  begins  to  walk,  decreasing  in frequency  after
puberty.  Subsequently,  the incidence  of  fractures  increases
again  in adult  age.1,4 Consolidation  of  bone  fractures  follows
a  normal  process.

Type II.  With  2  subtypes,  this is  the most  severe  form  of
the  disease  and  is  lethal  prenatally  or  during  the first  year
of  life.1,3,4

Type  III.  This  is  the most  severe,  non-deadly  form  and  the
one  with  greater  orthopedic  interest.19 Newborns  present
multiple  fractures  within  the uterus  and  at  birth,  with
a  widened  thorax,  unlike  in  type II. Fractures  present
malunion,  contributing  to  increase  the existing  skeletal
deformities.1,4 Two  subtypes  can  be  distinguished:  with  an
autosomal  dominant  inheritance  pattern  with  mutations  in
genes  encoding  type I  collagen,  and  recessive  with  mutations

in  genes  related  to  CRTAP.1 Although  the weight  and length
at  birth are almost  normal,  the  height reached  by  these
patients  is extremely  short.  It  is  frequently  associated  with
dentinogenesis  imperfecta. Long  bones tend  to gradually
arch,  the epiphyses  are  large  compared  with  the  diaphy-
ses  and  the metaphyses  present  islands  of  endochondral
ossification  with  an appearance  of  ‘‘popcorn’’  in conven-
tional  radiology.1,4 In addition,  almost  all  subjects  present
kyphoscoliosis  and  progressive  vertebral  compression.  Chil-
dren  are  able  to  walk  for  a certain  period  of time,  but  most
stop  doing  so  as  they grow.1

Type  IV.  Similar  to  type I,  although  more  serious  and with
normal  sclera.1,4 Most  subjects  do not  suffer  gross  defor-
mities.  Ambulation  is  generally  achieved  by  all  subjects
and  brings  new  fractures,  whose  frequency  decreases  after
puberty.  Radiologically  there  is  osteoporosis,  metaphyseal
widening  and  vertebral  compression.  The  main  differential
diagnosis  of  this  type  is  with  shaken  baby  syndrome.1,3---5Type

V.  Clinically  similar  to  type  IV  but  with  different  radiological
and  histological  findings.4 It follows  an autosomal  dominant
pattern  and  its  underlying  genetic  defect  is still  unknkown.1

Radiographs  of  the forearms  and  legs  show ossification  of
the  interosseous  membranes  and  radiopaque  metaphyseal
bands.  Subjects  present  hyperplastic  fracture  calluses  which
can  even  resemble  osteosarcoma.1,4

Type  VI.  Clinically  similar  to  type  IV  but  more  severe.
Subjects  do  not  present  detectable  mutations  in  type  I
collagen.1 The  transmission  pattern  and  the  genetic  defect
are  still  unknown.

Type  VII.  Transmitted  in an  autosomal  recessive  pattern
and  often  presenting  null  mutations  in P3H1  and CRTAP.4

Subjects  present  multiple  fractures  at birth and  during  child-
hood  whose  frequency  decreases  in adolescence.1 Other
characteristics  of  this  type  of  OI  are  rhizomelic  dwarfism,
severe  coxa  vara and  progressive  skeletal  deformities.

Type  VIII.  Its  transmission  pattern  and mutation  are  the
same  as  in  type  VII  and it can  be  described  as  an  overlap
between  forms  II  and III.1,4 Many  subjects  die  during  child-
hood.

Diagnosis

In most  cases  the diagnosis  is  established  through  the
symptoms,  family  history  and conventional  radiology.1,3---5

Sporadic  forms  of type  IV  are  the most  difficult  to  diagnose
and  are often  confused  with  shaken  baby  syndrome,  requir-
ing  careful  evaluation  of  radiographs  or  bone  densitometry
to  dismiss  it  if  doubts  persist.  Collagen  biochemical  stud-
ies  confirm  the diagnosis,  although  they  are  not  performed
routinely,1 and  DNA  sequencing  is  useful  to  distinguish
between  different  types  and to  facilitate  prenatal  diag-
nosis  and  familial  studies.4 Other  differential  diagnoses  to
take  into  consideration  are3:  camptomelic  dysplasia,  which
causes  long  bones  to  bow,  respiratory  failure  and  numerous
extraskeletal  deformities,  pycnodysostosis,  with  a  greater
incidence  of  fractures  but  with  increased  bone  density,
idiopathic  juvenile  osteoporosis,  in which  recurrent  frac-
tures  are usually  metaphyseal  rather  than  diaphyseal  and
the new bone  formed  is  already  osteoporotic  rather  than
normal,  with  the consolidation  process  being  known  as
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Figure  5  A  2-year-old  OI  patient  intervened  for  deformities  in  both  femurs  through  aligning  osteotomies  and  endomedullary

nailing with  a  telescopic  Fassier-Duval  nail.  Two  were  introduced  above  the  knee  in  the lower  limbs  to  prevent  distal  progression

of the  nail.

neo-osteoporosis,5 and  osteomalacia,  which  has  specific  bio-
chemical  findings.

Treatment

There  is  no  cure  for  the  disease.  Gene therapy  is  dif-
ficult  to  apply because  each patient  carries  a  different
mutation  which  is  responsible  for  the disease.1 The  use
of  growth  hormone  treatment  has only  brought  histologi-
cal  benefits.4,19 Bisphosphonates  are currently  being used
as  a  baseline  medical  treatment,1,2,4,5,19,21 but  their  use
is  not without  controversy,  its  exact  indications  are  not
known  precisely  and  the duration  of  treatment  has  not
been  clearly  established.  It  has  been demonstrated  that
they  reduce  the  number  of fractures  and  increase  bone
volume  by  decreasing  osteoclastic  resorption,  especially  in
the  case  of pamidronate.21---26 More  recent  publications  do
not  report  any doubts  regarding  the efficacy  of  bisphospho-
nates  in  reducing  the  number  of  fractures,  increasing  bone
mass  and  decreasing  pain  of skeletal  origin  in patients  with
OI,21,27---30 so their  indication  seems  to  be  widely  accepted.
The  questions,  which  are currently  emerging  address  the
duration  of  treatment  and  the  side  effects  derived  thereof.
Nicolaou  et  al.31---35 conducted  a  retrospective  study  com-
paring  femoral  fractures  in 176 patients  with  OI treated
with  bisphosphonates  for  2  years,  and  observed  a decrease
in  the  number  of  femoral  fractures  in  the  group treated
with  bisphosphonates,  along  with  an  increase  of fractures  in
the  subtrochanteric  region  of  the  femur,  many  of  them due
to  low-energy  trauma,  like  in osteoporotic  patients  treated
with  bisphosphonates.  Therefore,  they  recommended  avoid-
ing  corrective  osteotomies  at this  level  and performing
radiographic  screening,  especially  in subjects  reporting  pain
in  that  area.  According  to  several  studies,  the association
of  bisphosphonates  with  alfacalcidol  is  more  effective  in
increasing  bone  mineral  density  (BMD)  and preventing  frac-
tures  than  the  isolated  use  of bisphosphonates.36,37 Iwamoto
et  al.  presented  1 case  of an adult  patient  with  osteogenesis

imperfecta  treated  for 11  years  with  this combination.38 This
pattern  has  been  associated  with  an increase  in BMD,  an
absence  of fractures  in long  bones and  a significant  improve-
ment  in back pain.

Furthermore,  most studies  have  relied  on  the  exclusive
use  of pamidronate.22---26 Ingmar  et al. analyzed  ibandronate
in  27  patients  suffering  OI39 and  concluded  that its  use  nor-
malizes  bone  replacement  markers  and produces  an  increase
in BMD.

New  lines of  treatment  in this disease  are bone  mar-
row  and  mesenchymal  stromal  cell transplant,  and  the  use
of  denosumab.  The  latter  is  a  monoclonal  antibody  against
RANKL,  which  inhibits  the formation  of  osteoclasts  and
bone  degradation,  so it is  indicated  for  the treatment  of
osteoporosis.40---44 Among the few studies  examining  the use
of  denosumab  in OI is  that  by  Semler  et  al.,44 who  con-
cluded  that the  use  of  the anti-RANKL  monoclonal  antibody
produced  a suppression  of  bone  resorption  based  on  the
normalization  of  biochemical  markers  of  bone  turnover,
a  decrease  in  serum  calcium  levels  without  symptoms  of
hypocalcemia,  and  a decrease  in  fracture  rate.  They  also
established  that  drug degradation  occurred  3---4  months
after  administration,  unlike  the case  of  bisphosphonates,
which  remain  stored  in the skeleton  for  years,  and recom-
mended  an  administration  regime  of  2  months  for children.
For  these  reasons,  the  authors  encouraged  further  studies
with  this  monoclonal  antibody  in patients  with  OI and  left
open  a  new  and  promising  treatment  option.

Regarding  the treatment  of  fractures,  the consolidation
process  is  totally  normal,1,3---5 except  in  type  V  in which  there
are  hypertrophic  calluses.  Therefore,  the only differences
in the management  of  fractures  are1,4: minimizing  immobi-
lization  to  reduce  the  osteoporosis  it causes,  establishing
clinical  diagnoses  of  the  fractures  (reserving  radiology  for
doubtful  cases)  and  employing  surgery  as  conservatively  as
possible,  since  patients  will  require  it  more  than  once.

Intramedullary  nailing  is  the treatment  of  choice  for
recurrent  fractures  and  long  bone  deformities.1,3---5 The
endomedullary  systems  employed  at present  ‘‘grow’’  with
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Figure  6  A 7-year-old  girl  suffering  OI  with  a  telescopic  Fassier-Duval  nailing  in both  femurs  and  right  tibia.  As  she  grew,  the  tibial

nail caused  a  periimplant  fracture  and  had  to  be  replaced  by  a  longer  one.

the  bone  (Figs.  5  and  6) allowing  them  to  remain in  position
for  long  periods,  serving  as  ‘‘guides’’  to  avoid  the  appear-
ance  of  new  fractures.

Conclusions

Skeletal  dysplasias  are a major  cause  of  severe  growth  devel-
opment.  For  daily  clinical  practice  it is  more  useful  to
classify  them  according  to  the  affected  area  of  the skele-
ton:  spondylodysplasias,  metaphyseal  dysplasias,  epiphyseal
dysplasias  and combinations  of the above.  Achondroplasia  is
the  most  common.

In achondroplasia  it is  important  to rule  out the symp-
toms  arising  from  foramen  magnum  and  vertebral  canal
stenosis,  which  despite  not  representing  the  most common
complication  is  the most  serious.  Bone  elongation  is  still  a
controversial  treatment  option.  The  latest  lines  of research
have  focused  on biological  drugs  which  reduce  the activity
of  FGFR3.

MED  is  currently  considered  as  a  disease  with  variable
expressivity.  The  main  differential  diagnosis  is  with  Perthes
disease.

SED  has 2 forms,  congenital  and  late,  and both  display
axial  and  epiphyseal  involvement,  although  with  varying
degrees.  Atlantoaxial  instability  is  a common  and  significant
anomaly  in  the diagnosis  and  monitoring  of  patients,  as  it
can  cause  cervical  myelopathy.

In  OI  the  process  of fracture  consolidation  is  normal,
so  its  treatment  is  similar  to  that  of fractures  occur-
ring  in  healthy  children,  avoiding  prolonged  immobilization
because  it  increases  osteoporosis.  A total  of 8  different
types  of  OI  can  be  distinguished,  with  type  III  being  most

serious  non-fatal  type  and, therefore,  the  one  with  most
orthopedic  interest,  whilst  type  IV  is  the one  with  greater
legal  implications,  as it can  be mistaken  for  shaken  baby
syndrome.  Bisphosphonates  are  currently  being  used  for  pri-
mary  treatment  of  the disease;  the latest  lines  of  research
have  focused  on  the  use  of denosumab,  which  has  offered
encouraging  results.

Level of  evidence

Level  of  evidence  v.

Ethical responsibilities

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

Confidentiality  of  data.  The  authors  declare  that  they  have
followed  the protocols  of  their  work  center  on the  publica-
tion  of  patient  data.

Right  to privacy  and  informed  consent.  The  authors  have
obtained  the written  informed  consent  of  the patients  or
subjects  mentioned  in  the  article.  The  corresponding  author
is in  possession  of  this document.

Conflict  of  interests

The  authors  have  no  conflict  of interests  to  declare.



180  E.  Borrego  et  al.

References

1. Cole WG. Bone, cartilage and fibrous tissue disorders. In:
Benson M,  Fixsen J, Macnicol M, Parsch K, editors. Chil-
dren’s orthopaedics and fractures. Springer: Londres; 2010.
p. 75---103.

2. Sponseller PD, Ain MC. The skeletal dysplasias. In: Morrissy RT,
Weinstein SL, editors. Lovell &  Winter’s pediatric orthopaedics.
Philadelphia: Lippincott Williams &  Wilkins; 2006. p. 206---46.

3. Hefti F, Jundt G.  Hereditary diseases. In: Hefti F,  editor.
Pediatric orthopedics in practice. Berlin: Springer; 2007.
p. 645---710.

4. Horton WA, Hecht JT. Displasias esqueléticas. In: Kliegman RM,
Stanton BF, Geme III St, Schor JW, Behrman NF, Nelson RE, edi-
tors. Tratado de Pediatría. Barcelona: Elsevier España; 2011. p.
2501---25.

5. Villalba JA, del Castillo MD, Martínez I. Displasias óseas.
In: Delgado Martinez AD, editor. Cirugía Ortopédica y
Traumatología. 2.a ed (monografía en Internet) Madrid:
Médica Panamericana; 2012 [cited 28.01.13]. Available from:
http://www.cursocot.es/moodle/course/view.php?id=6

6. Yamanaka Y, Ueda K, Seino Y. Molecular basis for the treatment
of achondroplasia. Horm Res. 2003;60 Suppl. 3:60---4.

7. Aldegheri R,  Dall′Oca C. Limb lengthening in short stature
patients. J Pediatr Orthop B. 2001;10:238---47.

8. Cattaneo R, Villa A, Catagni M,  Tentori L.  Limb length-
ening in achondroplasia by Ilizarov’s method. Int Orthop.
1988;12:173---9.

9. Lavini F, Renzi-Brivio L,  de Bastiani G. Psychologic, vascular, and
physiologic aspects of lower limb lengthening in achondroplas-
tics. Clin Orthop Relat Res. 1990;250:138---42.

10. Seung-Ju K,  Gracia CB, Mandar V, Sang-Heon S, Hae-Ryong S. Is
bilateral lower limb lenghtening appropriate for achondropla-
sia? Clin Orthop Relat Res. 2012;470:616---21.

11. Little People of  America. Acondroplasia. Historia natural
en el infante y niño [accessed 02.02.13]. Available from:
http://www.lpaonline.org/assets/documents/NH Spanish
achondroplasia final y revisada-ESP.pdf

12. Laederich M,  Horton W.  Achondroplasia: pathogenesis
and implications for future treatment. Curr Opin Pediatr.
2010;22:516---23.

13. Aviezer D, Golembo M, Yayon A. Fibroblast growth factor
receptor-3 as a therapeutic target for Achondroplasia-
genetic short limbed dwarfism. Curr Drug Targets. 2003;4:
353---65.

14. Hall PS, Cameron DA. Current perspective-trastuzumab. Eur J
Cancer. 2009;45:12---8.

15. Rauchenberger R,  Borges E, Thomassen-Wolf E, Rom E, Adar R,
Yaniv Y, et al. Human combinatorial Fab library yielding specific
and functional antibodies against the human fibroblast growth
factor receptor 3. J Biol Chem. 2003;278:38194---205.

16. Kake T, Kitamura H, Adachi Y,  Yoshioka T, Watanabe T, Matsushita
H, et al. Chronically elevated plasma C-type natriuretic peptide
level stimulates skeletal growth in transgenic mice. Am J Physiol
Endocrinol Metab. 2009;297:E1339---48.

17. Yasoda A, Kitamura H, Fujii T, Kondo E, Murao N,  Miura M,
et al. Systemic administration of C-type natriuretic peptide as
a novel therapeutic strategy for skeletal displasias. Endocrinol-
ogy. 2009;150:3138---44.

18. Lee CY, Chen HH, Lisy O, Swan S,  Cannon C, Lieu HD, et al.
Pharmacodynamics of a novel designer natriuretic peptide, CD-
NP, in a first-in-human clinical trial in healthysubjects. J Clin
Pharmacol. 2009;49:668---73.

19. Ferrández L.  Displasias óseas de interés ortopédico. In: Fer-
rández L, Llanos LF, Marco F, editors. Lecciones de cirugía
ortopédica y traumatología. Madrid: Grupo Acción Médica;
2005. p. 19---31.

20. Sillence DO, Senn A, Danks DM. Genetic heterogeneity in osteo-
genesis imperfect. J  Med Genet. 1979;16:101---16.

21. Salom M, Vidal S,  Miranda L. Aplicaciones de los bifos-
fonatos en la ortopedia infantil. Rev Esp Cir Ortop Traumatol.
2011;55:302---11.

22. Cheung MS, Glorieux FH. Intravenous pamidronate in
osteogneesis imperfect type viii.  Calcif Tissue Int. 2009;84:
203---9.

23. Andiran N,  Alikasifoglu A,  Gonc N,  Ozon N,  Kandemir N, Yor-
dam N.  Cyclic pamidronat therapy in children with osteogenesis
imperfecta: results of treatment and follow-up after discontin-
uation. J Pediatr Endocrinol Metab. 2008;21:63---72.

24. Aström E, Magnusson P, Eksborg S, Söderhäll S. Biochemical
bone markers in the assessement and pamidronat treat-
ment of  children with osteogenesis imperfect. Acta Paediatr.
2010;99:1834---40.

25. Di Meglio LA, Ford  L,  McClintock C, Paecock M. Intra-
venous pamidronate treatment of  children under 36
months age with osteogenesis imperfecta. Bone. 2004;35:
1038---45.

26. Munns CF, Rauch F, Travers R, Glorieux FH. Effects of  intra-
venous pamidronate treatment in infants with osteogenesis
imperfect: clinical and histomorphometric outcome. J  Bone Min
Res.  2005;20:1235---43.

27. Glorieux FH. Experience with bisphosphonates in osteogenesis
imperfecta. Paediatrics. 2007;119 Suppl. 2:163---5.

28. Castillo H, Samson-Fang L. Effects of bisphosphonates in chil-
dren with osteogenesis imperfect: an AACPDM systematic
review. Dev Med Child Neurol. 2008;51:17---29.

29. Poyrazoglu S, Gunoz H, Darendeliler F, Bas  F, Tutunculer F,  Ery-
ilmaz SK, et al. Successful results of  pamidronate treatment
in children with osteogenesis imperfect with emphasis on the
interpretation of bone mineral density for local standars. J Pedi-
atr Orthop. 2008;28:438---87.

30. Phillipi CA, Remmington T,  Steiner RD. Biphosphonate ther-
apy for osteogenesis imperfecta. Cochrane Database Syst Rev.
2008;4:CD005088.

31. Nicolau N, Agrawal Y,  Padman M, Fernandes JA, Bell MJ. Chang-
ing pattern of  femoral fractures in osteogenesis imperfecta
with prolonged use of biphosphonates. J  Child Orthop. 2012;6:
21---7.

32. Yoon RS, Hwang JS, Beebe KS. Long-term bisphosphonate usage
and subtrochanteric insufficiency fractures: a cause for con-
cern? J  Bone Joint Surg Br. 2011;93:1289---95.

33. Goh SK, Yang KY, Koh JS, Wong MK, Chua SY, Chua DT, et  al.
Subtrochanteric insufficiency fractures in patients on alen-
dronate therapy: a  caution. J  Bone Joint Surg Br. 2007;89:
349---53.

34. Kwek EB, Goh SK, Koh JS, Png MA, Howe TS. An emerg-
ing pattern of  subtrochanteric stress fractures: a long-
term complication of alendronate therapy? Injury. 2008;39:
224---31.

35. De Das S, Setiobudi T, Shen L,  De Das S. A rational approach to
management of  alendronate-related subtrochanteric fractures.
J  Bone Joint Surg Br. 2010;92:679---86.

36. Orimo H, Nakamura T, Fukunaga M, Ohta H, Hosoi T, Uemura
Y, et  al., A-TOP (Adequate Treatment of Osteoporosis) research
group. Effects of alendronate plus alfacalcidol in osteoporosis
patients with a high risk of fracture: the Japanese Osteo-
porosis Intervention Trial (JOINT)-02. Curr Med Res Opin.
2011;27:1273---84.

37. Ringe JD, Farahmand P, Schacht E, Rozehnal A. Superior-
ity  of  a combined treatment of alendronate and alfacalcidol
compared to the combination of  alendronate and plain vita-
min D or alfacalcidol alone in established postmenopausal
or male osteoporosis (AAC-Trial). Rheumatol Int. 2007;27:
425---34.

http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0005
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0010
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0015
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0020
http://www.cursocot.es/moodle/course/view.php?id=6
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0030
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0035
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0040
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0045
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0050
http://www.lpaonline.org/assets/documents/NH_Spanish_achondroplasia_final_y_revisada-ESP.pdf
http://www.lpaonline.org/assets/documents/NH_Spanish_achondroplasia_final_y_revisada-ESP.pdf
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0060
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0065
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0070
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0075
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0080
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0085
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0090
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0095
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0100
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0105
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0110
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0115
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0120
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0125
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0130
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0135
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0140
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0145
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0150
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0155
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0160
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0165
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0170
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0175
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0180
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0185


Advances  in  bone  dysplasias  181

38. Iwamoto J, Sato Y,  Uzawa M, Matsumoto H. Eleven years of
experience with biphosphonate plus alfacalcidol treatment in a
man with osteogenesis imperfecta type i. Ther Clin Risk Manage.
2013;9:1---7.

39. Ingmar I, Kluba T, Wolf P, Pontz B, Mittag F.  The influence of
ibandronate treatment on bone density and biochemical bone
markers in patients with osteogenesis imperfecta. Orthop Rev.
2012;4:e29.

40. Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R,
Reid IR, et  al., FREEDOM Trial. Denosumab for prevention of
fractures in postmenopausal women with osteoporosis. N  Engl
J Med. 2009;361:756---65.

41. Iqbal J, Sun L,  Zaidi M. Denosumab for the treatment of osteo-
porosis. Curr Osteoporos Rep. 2010;8:163---7.

42. Kendler DL, Roux C, Benhamou CL, Brown JP, Lillestol M,
Siddhanti S, et  al. Effects of  denosumab on bone mineral
density and bone turnover in postmenopausal women transi-
tioning from alendronate therapy. J  Bone Miner Res. 2010;25:
72---81.

43. Sutjandra L, Rodríguez RD, Doshi S, Ma M, Peterson MC,
Jang GR, et  al. Population pharmacokinetic meta-analysis of
denosumab in healthy subjects and postmenopausal women
with osteopenia or osteoporosis. Clin Pharmacokinet. 2011;50:
793---807.

44. Semler O,  Netzer C, Hoyer-Kuhn H, Becker J, Eysel P, Schoenau
E. First use of the RANKL antibody denosumab in osteoge-
nesis imperfecta type vi. J Musculoskelet Neuronal Interact.
2012;12:183---8.

http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0190
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0195
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0200
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0205
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0210
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0215
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220
http://refhub.elsevier.com/S1988-8856(14)00050-9/sbref0220

	Advances in bone dysplasias
	Overview
	Achondroplasia
	Overview
	Etiology

	Characteristics
	Treatment

	Multiple epiphyseal dysplasia
	Overview
	Etiology
	Characteristics
	Treatment

	Spondyloepiphyseal dysplasia
	Characteristics
	Congenital spondyloepiphyseal dysplasia
	Late spondyloepiphyseal dysplasia

	Osteogenesis imperfecta
	Diagnosis
	Treatment

	Conclusions
	Level of evidence
	Ethical responsibilities
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflict of interests

	References

