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Malignant behaviour of a benign
spinal tumour: An extremely
rare  presentation�

Un tumor espinal benigno con
comportamiento  maligno: presentación clínica
extremadamente rara

Dear  Editor:

Giant  cell  tumours  of  the  tendon  sheath  (GCTTS)  are
a  rare  type  of  synovial  neoplasm,  frequently  involving
the  large  joints  of  the  lower  limbs.  These  tumours  can
present  in  localised  or  diffuse  forms;  both  types  consist  of
a  proliferation  of  mononuclear  synovial  cells  mixed  with
multinucleated  giant  cells,  foam  cells,  siderophages,  and
inflammatory  cells.1 Localised  GCTTSs,  usually  appearing  in
young  adults  (age  30-50  years),  are  more  common  than  the
diffuse  form,  and  constitute  the  most  frequently  observed
neoplasm  of  the  hand.  Although  these  tumours  are  benign
from  a  histopathological  viewpoint,  diffuse  GCTTSs  are
locally  aggressive;  local  recurrence  occurs  at  a  rate  of  15%-
24%.1—4 This  tumour  has  been  described  in  the  joints  of  the
appendicular  skeleton;  cases  involving  the  spinal  column  are
extremely  rare.  Spinal  involvement  usually  affects  posterior
elements,  such  as  the  joints  (facets),  laminae,  and  pedicles.
Clinically,  the  condition  usually  presents  with  local  or  radic-
ular  pain  and  chronic  myelopathy.  We  present  an  exceptional
case  of  acute  compression  of  the  spinal  cord  secondary  to
a  GCTTS  in  the  upper  thoracic  region  and  review  previously
described  cases  from  the  literature.

The  patient  was  a  55-year-old  man  with  no  relevant  medi-
cal  history.  He  attended  our  department  following  sudden
onset  of  chest  pain  and  weakness  in  the  lower  limbs.  The
neurological  examination  revealed  paraplegia  (T10  sensory
level),  hyperreflexia  in  the  lower  limbs,  bilateral  extensor
plantar  reflex,  and  loss  of  sphincter  control.  A  magnetic
resonance  imaging  (MRI)  scan  revealed  a  lesion  to  verte-
bra  T2,  affecting  the  vertebral  body,  laminae,  pedicles,
and  facet  joints,  and  displaying  no  contrast  uptake;  inva-
sion  of  the  epidural  space;  and  a  pathological  fracture
associated  with  myelopathy  (Fig.  1).  An  emergency  T1-
T2  laminectomy  was  performed;  evidence  was  observed
of  destruction  of  the  laminae,  facet  joint,  and  pedi-
cles.  We  also  observed  a  dense,  dark-coloured,  partially
delimited  mass  in  the  epidural  space;  this  was  partially
resected.

We  suspected  metastasis  and  performed  a  positron  emis-
sion  tomography  (PET)  scan.  The  tumour  remnants  in
vertebra  T2  showed  high  fluorodeoxyglucose  (FDG)  uptake,
with  a  maximum  standardised  uptake  value  (SUVmax)  of
18.6  (values  greater  than  2.5  are  considered  malignant  in
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bone  tissue).  No  lesions  were  detected  in  other  organs.
Finally,  anatomical  pathology  results  were  consistent  with
diffuse  GCTTS  (Fig.  2).  In  a  second  surgical  procedure,
we  fully  resected  the  tumour  and  performed  a  corpec-
tomy  through  a transpedicular  costotransverse  approach.
A  polyether  ether  ketone  cylinder  was  placed  in  the  T2
space  and  affixed  to  vertebrae  T1  and  T3  with  transpedic-
ular  screws.  The  patient  gradually  recovered  sensitivity,
showing  2/5  strength  in  the  right  leg  and  1/5  in  the  left
(according  to  the  modified  British  Medical  Research  Council
scale  for  muscle  strength)  on  postoperative  day  5.  Sphinc-
ter  control  was  restored.  At  24  months,  the  patient  was
able  to  walk  with  a  cane  and  independently  perform  the
activities  of  daily  living;  there  was  no  sign  of  tumour
recurrence  (Fig.  1).

GCTTSs  are  rare  synovial  neoplasms  which  are
histopathologically  similar  to  pigmented  villonodular
synovitis  (PVNS).1 Diffuse  GCTTSs  are  more  locally  aggres-
sive,  less  delimited,  more  frequent  in  young  adults,  and
usually  involve  the  large  joints  of  the  lower  limbs  (the
knees  in  80%  of  cases).1 Series  of  rare  cases  in  which  these
tumours  affect  the  spinal  column  show  a  mean  age  of  onset
of  approximately  35  years;  the  condition  is  slightly  more
frequent  in  women.5 Spinal  GCTTSs  usually  cause  subacute
or  chronic  symptoms  including  pain,  radiculopathy,  or
subacute/chronic  myelopathy.  They  typically  appear  in
the  cervical  or  lumbar  spine,  affecting  posterior  elements,
and  may  erode  the  bone,  often  leading  to  multi-level
involvement.5—7 Acute  compression  of  the  spinal  cord  is
very  rare.5,6,8 In  our  literature  review  of  65  cases  of  GCTTS
or  PVNS  affecting  the  spinal  column,  chronic  myelopathy
was  frequently  associated  with  the  tumour,  in  some  cases
leading  to  established  paraplegia;  there  was  only  one
case  of  acute  compression  of  the  spinal  cord,  following  a
traffic  accident.5,6,8,9 Some  authors  suggest  that  previous
trauma  may  have  a  destabilising  effect,  exacerbating  or
triggering  symptoms  when  a neoplastic  lesion  is  present
in  the  spinal  column.5,7 Our  patient  also  presented  severe
involvement  of  the  vertebral  body,  which  led  to  a  patho-
logical  fracture  causing  loss  of  vertebral  height.  This  type
of  clinical/radiological  finding  is  extremely  rare:  other
reported  cases  of  subacute  myelopathy  do  not  describe
significant  involvement  of  the  vertebral  body  or  previ-
ous  trauma  that  may  destabilise  the  affected  location
(Table  1).6,7,10,11

It  is  very  difficult  to  differentiate  GCTTSs  from  primary  or
secondary  bone  tumours  in  radiological  studies.  In  MRI  scans,
GCTTSs  tend  to  appear  as  isointense  lesions  with  respect  to
the  muscle  on  T1-weighted  sequences  and  display  heteroge-
neous  signal  intensity  on  T2-weighted  sequences;  the  exact
origin  of  the  lesion  is  difficult  to  determine.5—7 Differential
diagnosis  includes  far  more  common  lesions,  such  as  multi-
ple  myeloma,  metastasis,  or  lymphoma,  which  frequently
cause  multiple  lesions.  However,  primary  bone  tumours
often  cause  isolated  lesions,  as  is  the  case  with  GCTTSs.12

Our  patient  presented  a  single  lesion  affecting  the  entire
vertebra.  It  was  therefore  impossible,  from  a  topographical
perspective,  to  perform  a  clear  differential  diagnosis  prior
to  surgery.  From  an  epidemiological  perspective,  however,
the  clinical  profiles  of  patients  with  vertebral  lesions  are
usually  more  informative  in  diagnosis.12 In  this  case,  the
patient’s  relatively  young  age  and  single  vertebral  lesion

https://doi.org/
http://www.elsevier.es/neurologia
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nrleng.2016.02.021&domain=pdf
dx.doi.org/10.1016/j.nrl.2015.10.007
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0050
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0055
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0060
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0065
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0070
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
mailto:jbenitol67@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nrleng.2016.02.018&domain=pdf
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0075
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0080
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0085
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0090
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0095
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0100
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0105
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0110
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0115
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0120
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0125
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0130
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0135
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
http://refhub.elsevier.com/S2173-5808(18)30025-7/sbref0140
mailto:abel.diaz88@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nrleng.2016.02.019&domain=pdf


270  LETTERS  TO  THE  EDITOR

A

T1

T1

T2

T2

T2

T2

T1

T1

 B

C D

Figure  1  Spinal  MR  images  of  the  patient.  (A)  Sagittal  section  of  the  cervicodorsal  spine,  showing  the  tumour  invading  vertebra
T2. (B)  Axial  sections  of  the  T1  and  T2  vertebrae,  showing  the  tumour  (outlines),  the  significant  rightward  displacement  of  the
spinal cord  (small  arrow),  and  the  reduced  subarachnoid  space  (large  arrow),  demonstrating  the  severe  compression  of  the  spinal
cord. (C)  MRI  of  the  cervicodorsal  spine  showing  the  release  of  the  spinal  canal  where  it  was  previously  affected  by  the  tumour.  (D)
Axial sections  of  the  T1  and  T2  vertebrae  showing  the  release  of  the  spinal  canal  (small  arrow)  and  the  complete  resection  of  the
lesion and  placement  of  material  for  fixation  and  stabilisation  (large  arrow).

implied  a  minimal  chance  of  the  lesion  being  metastatic
or  lymphoproliferative.  Cases  have  been  described  where
PET  scans  showed  FDG  uptake  with  a  SUVmax  below  8;  our
patient’s  PET  scan  showed  very  high  FDG  uptake,  with  a
SUVmax  of  18.6.  This  is  the  first  case  of  GCTTS  with  such  high
values  for  FDG  uptake;  we  believe  these  results  are  due  to
overexpression  of  the  glucose  transporter  1  (GLUT1)  protein
in  the  macrophages  and  giant  cells  in  these  tumours.12,13

PET  imaging  may  be  useful  alongside  MRI  as  part  of  the
radiological  follow-up  of  patients.

The  condition  is  managed  surgically,  through  complete
resection  of  the  tumour,  wherever  possible,  and  surgical

reintervention  in  the  event  of  recurrence  (15%  following
macroscopically  complete  extraction);  death  of  the  patient
due  to  the  tumour  is  rare.5,7 Gezen  et  al.8 report  a  case  in
which  partial  resection  and  spinal  decompression  were  per-
formed.  Although  there  was  no  evidence  of  recurrence  after
16  months  of  follow-up,  these  authors  recommend  complete
resection  wherever  this  is  possible;  where  this  is  not  the
case,  surgery  should  be  complemented  with  radiotherapy.
With  the  addition  of  radiotherapy  (mean  dose  39.8  Gy)  in
cases  of  partial  resection  of  infiltrative/diffuse  tumours,
94%  local  control  was  achieved  after  a  mean  follow-up
period  of  94  months.14 However,  on  account  of  the  rareness
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