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INFORMAQ()ES SOBRE O ARTIGO RESUMO

Historico do artigo: Objetivo: Avaliar os resultados e as complicacoes de uma série de pacientes submetidos a

Recebido em 16 de dezembro osteotomias das trés colunas por abordagem posterior para corre¢ao de casos complexos de

de 2015 deformidade cifética dorsal rigida.

Aceito em 31 de maio de 2016 Meétodos: Revisdo dos prontudrios e das imagens de 15 casos consecutivos de osteotomias

On-line em 1 de outubro de 2016 de subtracao pedicular, osteotomias osso-disco-osso ou vertebrectomias posteriores totais,
com registro das etiologias, tipo e nivel de osteotomia, extensdo da fixacao, complicacoes e

Palavras-chave: medidas pré- e pds-cirturgicas das curvas sagitais e dos pardmetros pélvicos.

Osteotomia Resultados: Foram feitas seis osteotomias de subtracdo pedicular, uma em duas vértebras

Cifose adjacentes e duas osso-disco-0sso e sete vertebrectomias posteriores totais, duas em duas

Curvaturas da coluna vertebral vértebras adjacentes. As médias de correcdo foram de 39,3° para a cifose angular e 33,9°

Doencas da coluna vertebral para a cifose dorsal total. As corre¢oes foram semelhantes, independentemente do tipo de

osteotomia usado, do segmento espinhal operado ou da abordagem em um ou dois niveis,
mas isso pode ser efeito da amostra.

Ocorreram oito complicagdes em seis pacientes (40% dos casos), duas clinicas, cinco
cirtigicas precoces e uma cirirgica tardia (mais de 90 dias apds a cirurgia). Houve trés
reoperagoes com menos de um ano da cirurgia inicial e um caso de paraparesia mantida.
As complicagdes clinicas foram resolvidas sem sequelas maiores. Ndo houve perda de
correc¢ao significativa durante o segmento, exceto em dois casos de falha mecéanica maior
por fratura de segmento juncional.

Conclusdo: Embora sejam procedimentos complexos, agressivos e sujeitos a complicagoes,
as osteotomias com resseccao das trés colunas sdo altamente eficazes na correcéo das defor-
midades ciféticas rigidas e seguras o bastante para justificar seu uso em casos selecionados.
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Posterior three-column osteotomies for the treatment of rigid thoracic
kyphosis - A case series

ABSTRACT

Objective: To evaluate the results and complications of a series of patients who underwent
three-column osteotomy using the posterior approach for correction of complex cases of
rigid dorsal kyphotic deformity.

Methods: Review of clinical records and images of 15 consecutive cases of pedicle subtrac-
tion osteotomies, bone-disc-bone osteotomies, or vertebral column resection, recording the
etiology, type and level of osteotomy, extension of fixation, complications, and pre- and
post-surgical measurements of the sagittal curves and pelvic parameters.

Results: Six pedicle subtraction osteotomies were performed, one of which in two adjacent
vertebrae, as well as two bone-disc-bone osteotomies and seven vertebral column resection,
two of which were performed in two adjacent vertebrae. The mean correction was 39.3° for
the angular kyphosis and 33.9° for dorsal kyphosis. The corrections were similar regardless
of the kind of osteotomy, the operated spinal segment, or the approach in one or two levels,
but this may be a sample effect.

Eight complications were observed in six patients (40% of cases):two medical complications,
five early and one late surgical complication (over 90 days after surgery). There were three
reoperations within less than one year from the initial surgery and one case of persistent
paraparesis. Clinical complications were resolved without sequelae. There was no signifi-
cant loss of correction during the segment, except in two cases of major mechanical failure
due to a junctional segment fracture.

Conclusion: Despite being complex and aggressive procedures, prone to various complicati-
ons, osteotomies with resection of the three columns are highly effective in the correction

of rigid kyphotic deformities and safe enough to justify its use in selected cases.
© 2016 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de
Ortopedia e Traumatologia. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introducao

O desenvolvimento da cirurgia espinhal tem feito com que os
cirurgides enfrentem casos cada vez mais complexos, com
o objetivo ndo mais apenas da descompressdao medular e da
estabilizacdo, mas também da correcdo das deformidades e
da restituicéo do equilibrio biomecénico da coluna.’

Na ultima década, as osteotomias de subtracdo se tornaram
populares no manejo das deformidades espinhais®® e passa-
ram a ser usadas em uma ampla gama de situacdes. As em
foco neste estudo sdo a osteotomia de subtracdo pedicular
(OSP), a osteotomia 0sso-disco-osso (ODO) e a vertebrectomia
posterior total (VPT), todas técnicas de resseccao das colu-
nas posterior, média e anterior através de acesso posterior
Unico, que podem ser usadas em deformidades muito rigidas,
com artrodese ou anquilose das trés colunas, o que proporci-
ona corregoes angulares significativas em um Gnico nivel, sem
alongamento da parte anterior da coluna (fig. 1).

Material e métodos

Trata-se de um estudo retrospectivo de 15 casos de pacien-
tes com deformidade cifética ou cifoescoliética dorsal rigida
de diversas etiologias, tratados cirurgicamente, com acom-
panhamento pés-operatério de seis a 60 meses (média de

36 meses). Foram coletados dados dos prontudrios e medi-
das das curvaturas da coluna pelo método de Cobb de quatro
linhas. A lordose lombar e a cifose dorsal foram medidas
entre os pontos de inversdo da curva, sem considerar o nivel
(fig. 2). Nos casos em que houve mais de uma cirurgia, os
resultados consideraram as medidas tomadas apés a dltima
abordagem.

Técnica ciriirgica

Os pacientes foram operados em mesa cirurgica normal,
posicionados de modo a permitir manobras transoperatérias
de hiperextensdo do tronco ou das coxas, seja através dos
comandos da mesa, seja por acesso aos coxins de posiciona-
mento. A monitoracdo neurofisiolégica transoperatéria esteve
disponivel em apenas oito casos (53%). A extensao da fixacdo
foi definida com base em principios correntes de correcio de
deformidades, em todos os casos buscou-se usar um minimo
de seis pontos de ancoragem acima e abaixo da osteotomia.
Foi feita laminectomia ampla e desarticulacdo das costelas
no nivel a ser osteotomizado e nos niveis acima e abaixo. Nos
casos mais complexos, secundarios a tumores, infeccdes ou
associados com escoliose, laminectomia e osteotomia foram
feitas de forma adaptada a patologia, podem compreender
mais niveis ou ser assimétricas. Raizes nervosas foram sacri-
ficadas apenas quando necessario para permitir a resseccao
6ssea. Nao foi usado espacgador intersomatico.
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Figura 1 - Tipos de osteotomia das trés colunas. (A) Osteotomia de subtragédo pedicular (OSP); ressec¢do de uma cunha
do corpo vertebral. (B) Osteotomias osso-disco-osso (ODO); ressecgcdo de uma cunha com o apice no disco. (C)
Vertebrectomia posterior total (VPT); ressec¢ao de todo o corpo vertebral com os discos acima e abaixo.

Resultados
Dados da amostragem

Foram operados cinco homens e 10 mulheres entre 13 e 66
anos (média de 38, DP=+18,8). Houve quatro casos de cifose
pos-traumatica (26,6%), quatro de cifoescolioses por hemi-
vértebra (26,6%), dois de mal de Pott (13,3%), dois de cifose
juncional (13,3%), um de deformidade apés fratura patolégica
por mieloma multiplo, um de cifoescoliose por neurofibro-
matose e um de cifose de Scheuermann rigida em adulto.

Apenas os dois pacientes com cifose juncional, na qual existia
fixacdo longa da coluna lombossacra, apresentavam desequi-
librio sagital significativo. Em todos os outros casos, mesmo
que houvesse cifose bastante importante, o equilibrio sagital
global foi mantido a custa de hiperlordose lombar e anteversao
pélvica compensatdrias.

Existia compressao medular bastante significativa em nove
dos 15 casos, mas déficit neurolégico compressivo em ape-
nas dois (caso 1, mal de Pott e caso 8, pbs-neoplasico). No
caso 5, a paraplegia foi causada pelo trauma agudo, ndo pela
deformidade tardia.

Figura 2 - Método de tomada das medidas de cifose angular (CA), inclinaggo sacra (IS), incidéncia pélvica (IP), cifose dorsal

(CD), lordose lombar (LL) e eixo vertical sagital (EVS).
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Foram feitos seis OSP (40%), uma em duas vértebras adja-
centes (caso 6), dois ODO (13,3%) e sete VPT (46,7%), duas em
duas vértebras adjacentes (casos 1 e 2). Uma osteotomia foi
feita no segmento tordcico proximal (T2 a T4), sete (46,7%) no
tordcico médio (TS a T9) e sete (46,7%) no toracico baixo (T10
aT12).

Os dados estdao sumarizados na tabela 1.

Resultados cirtirgicos

A média de correcdo da cifose angular foi de 39,3° (DP = £14,6°)
e da cifose total de 33,9° (DP=+17,7°). Considerando o seg-
mento abordado, a corregdo de cifose angular e cifose dorsal
total foi, respectivamente, na lesdo dorsal alta (T2-T4) 33°
e 22°, nas lesdes dorsais médias (T5-T9) 41,1° (DP==+ 13°)
e 35° (DP=#+ 21,3°) e nas dorsais baixas (T10-T12) 38,3°
(DP==+ 17,7°) e 34,4° (DP=+ 15,9°). Considerando o tipo de
osteotomia usado, a correcdo de cifose angular conseguida
pelas ODO foi de 28° (26 e 30°), pelas OSP foi de 41,5° (de 29
a 53°, DP=+ 9,4°) e pelas VPT foi de 42° (de 10 a 63°, DP==+
19,5°). Houve recuperacdo neuroldégica completa nos dois
casos que apresentavam paraparesia pela deformidade.

Complicagbes

Ocorreram oito complica¢oes em seis pacientes, mostradas na
tabela 2. As complicagdes clinicas foram uma tromboembolia
pulmonar e uma tempestade tireéidea em uma jovem com
hipotireoidismo que interrompeu a medicagdo por conta pré-
pria. Ambos os casos foram resolvidos sem sequelas maiores.

No caso de neurofibromatose, houve lesao medular par-
cial durante a vertebrectomia, que foi feita por via transdural,
pois as meningoceles abracavam todo o contorno da vér-
tebra. A paciente apresentou paresia da flexdo dorsal do
pé esquerdo no pds-operatdrio, compativel com a marcha
e com melhoria progressiva. Entretanto, sete meses depois
da cirurgia a paciente retornou com paraparesia espas-
tica severa. A investigacdo mostrou compressdao medular
importante por um cisto aracnoide acima da area operada,
provavelmente decorrente de aderéncias de aracnoide apés
a abordagem transdural. Foi feita nova cirurgia, mas a paci-
ente permaneceu paraparética e espastica (caso 9, fig. 3).
Houve trés complica¢des mecéanicas precoces, uma falha de
instrumentacéo (caso 8, fig. 4) e duas fraturas juncionais no
ultimo nivel caudal instrumentado, com perda de correcdo
pequena em uma e importante em outra, o que levou a
descompensacdo do equilibrio sagital (caso 11, fig. 5). Em
nenhum dos outros casos foi detectada perda significativa de
correcdo durante o acompanhamento.

Discussao

As osteotomias de trés colunas sao cirurgias agressivas,
geralmente indicadas em situagdes nas quais outras técnicas
de menor potencial de morbidade ndo sdo aplicaveis, seja por
falta de flexibilidade da coluna, seja pela presenca de defor-
midade angular focal severa.? Sua vantagem primaria é
permitir a correcdo de deformidades rigidas sem necessidade
de abordagem para liberacdo anterior. A OSP é a técnica mais

conhecida, existem publicacdes que descrevem ganho de 30
a 40 graus de lordose por nivel abordado.*® Na coluna dorsal,
seu uso tem sido bem mais limitado e o potencial de correcédo
ndo é tdo claro.” Em 1994, Lehmer et al.® reportaram quatro
casos feitos na coluna dorsal baixa, com correcdo média de
29,5 graus. Bridwell” relata ganhos de aproximadamente 25
graus. Com o uso da VPT na coluna dorsal, Rajasekaran et al.’
relataram uma média de corregdo de 36 graus em casos de
tuberculose, enquanto Shimode et al.’> relataram corre¢des
médias de 56 graus em casos de cifoescoliose grave. Na
presente série, as correcoes foram de aproximadamente 40
graus, sem diferenca significativa entre as técnicas.

As osteotomias toracicas diferem bastante das lombares;
primeiro, para permitir um fechamento efetivo da osteoto-
mia, as costelas que se articulam com os discos acima e
abaixo devem ser liberadas; segundo, por ser feita em niveis
nos quais ha medula, existe um limite de mobilizacdo 6ssea
que pode ser feita com risco aceitavel. O’'Shaughnessy et al.”
relataram que 20 a 25mm de fechamento laminar posterior
podem ser tolerados sem problemas neuroldgicos, mas esse
valor nao foi validado experimentalmente. Tomita mostrou
que o encurtamento medular associado a retirada de um corpo
vertebral e que a ligadura de vasos segmentares em até trés
niveis ndo sdo problema.’®!! Gertzbein e Harris'?> postulam
que distor¢do da medula e pincamento do saco dural sao
riscos potenciais associados ao encurtamento da coluna e
recomendam evitar correcoes de mais de 40°. Na presente
série, foram feitas resseccOes de até dois corpos vertebrais
e correcOes de até 63 graus, sem complicacdes neuroldgi-
cas. Os cuidados tomados foram fazer descompressoes muito
amplas e laminectomia de no minimo um nivel acima e abaixo
da lesdo,’® o que permite observacdo do saco dural durante
as manobras de correcdo e evita distor¢des por subluxacao,
compressao ou pin¢camento dural. A monitoracdo neurofisio-
légica transoperatéria é um padrdo desejado, mas foi usada
em apenas oito casos (53%), por questoes de limitacdo de
acesso em pacientes previdenciarios. Na literatura, a incidén-
cia de déficits neurolégicos pés-operatérios em osteotomias
dorsais é bastante pequena,>’ ' provavelmente devido ao
grande cuidado com a manipulacdo medular em todas as
séries, além do fato de as estruturas nervosas resistirem
bem melhor ao encurtamento do saco dural do que a seu
estiramento.” O potencial para complicacdes neurolégicas é
maior nas VPT do que nas OSP, uma vez que existe mais
manipulacdo e a coluna é deixada mais instdvel no momento
da correcdo.>!® Rajasekaran et al.” relataram 17 casos, com
uma lesdo neurolégica irreversivel. Bakaloudis et al.'® relata-
ram perda completa de potenciais evocados motores em um
caso, com melhoria imediata apds o relaxamento da corre¢éao
e sem déficit clinico pés-operatério. Lenke et al.'” publicaram
uma série com 40 VPT de coluna toracica, sem lesdo medu-
lar. Sete pacientes, entretanto, apresentaram altera¢des nos
potenciais evocados motores durante a cirurgia, cinco por
subluxacao vertebral durante as manobras de correcao e dois
por encurtamento exagerado da medula. Em todos os casos
os potenciais retornaram apés correcdo da subluxac¢do ou
colocagéo de cages maiores.!” Em outra série, o mesmo autor
relata perda completa de potenciais motores com registro
normal dos somatossensitivos em 21,4% dos casos. A con-
duta recomendada é manter uma pressdo arterial média de



Tabela 1 - Casuistica e resumo dos resultados

Caso SID Etiologia CP Déficit pré CAA P EVS A CDA LLA ISA N OP N FIX TOS CAD EVSD CDD LLD ISD CORA
1 M-28 Pés TBC 0 Paraparesia 60 60 4 52 48 36 T8+T9 T5-T12 VPC 21 2 33 40 31 39
2 M-48 Pés TBC 0 105 59 6 82 46 40 T5+T6 T2-T10 VPC 42 4 44 40 38 63
3 E-54 TRM + Infeccao 5 33 55 6,5 51 47 30 T12 T8-L3 VPC 4 5,5 43 50 30 29
4 M-16 CongénitA 0 78 66 -3 73 90 49 T11 T7-1L2 VPC 20 2 43 70 45 58
5 F-27 Pés TRM 0 Paraplegia 33 50 0 68 40 0 T11-T12 T9-L3 ODO 3 -3 42 52 15 30
6 F-62 P6s TRM 0 54 42 4,5 75 58 88 T8+T9 T5-T12 OSP 15 1 62 62 35 39
7 M-13 Congeénita 0 63 42 3 90 90 40 T11 T8-L2 VPC 28 1 33 38 23 35
8 F-63 P6s NEO 0 Paraparesia 70 60 5 72 50 30 T3 C2-T7 OSp 37 0 50 66 40 33
9 F-20 Displasica 0 90 50 1 126 78 38 T11 T8-L4 VPC 30 0 70 70 42 60
10 F-22 Congénita 0 42 68 —4,5 70 90 45 T7-T8 T2-L1 OoDO 16 =2 44 70 50 26
11 F-66 Juncional 2 45 54 8,5 75 49 27 T9 T2-L3 Osp 16 6 44 49 30 31
12 E-37 Scheuermann 0 60 53 1.5 73 78 35 T11 T4-L3 OSP 14 0 40 60 35 46
13 M-17 CEH 0 30 64 -1 73 90 45 T10 T8-L3 VPC 20 0,5 52 70 39 10
14 F-48 Pés TRM 1 63 60 0 108 89 36 T8+T9 T2-L2 OSP 14 —6 34 60 42 74
15 F-50 Juncional 1 75 66 36 106 50 47 T7 T2-IL Osp 22 8 66 74 45 53

CA A, cifose angular pré-operatdria (graus); CA D, cifose angular pés-operatoéria (graus); CD A, cifose dorsal total pré-operatéria (graus); CD D, cifose dorsal pés- operatodria (graus); COR A, correcao
da cifose angular (graus); CP, nimero de cirurgias prévias; EVS A, eixo vertical sagital pré-operatério (centimetros); EVS D, eixo vertical sagital p6s-operatdrio (centimetros); IL, fixacdo sacro e iliacos;
IP, incidéncia pélvica; IS A, inclinagdo sacra pré-operatoria (graus); IS D, inclinacdo sacra pés-operatéria (graus); LL A, lordose lombar pré-operatéria (graus); LL D, lordose lombar pés-operatéria (graus);
NEO, deformidade apds neoplasia dssea; N FIX, niveis fixados; N OP, nivel no qual foi feita osteotomia; S ID, sexo-idade; T OS, tipo de osteotomia; TRM, deformidade pds traumatica.

* A paciente ndo ficava de pé antes da cirurgia. CS e LL A foram medidas em dectbito. IS A e EVS A nao foram medidos.
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Tabela 2 - Complicacoes

Caso Clinicas precoces Cirtirgicas precoces Cirtrgicas tardias Reoperacoes Sequelas

03 Infeccdo profunda Curativo cirargico

06 Fratura de T12 Perda de correcao

08 Pullout cervical Revisdo da fixacdo

09 Lesdo medular Cisto aracnoide Resseccdo do cisto Paraparesia espastica
10 Crise tire6idea

11 TEP Fratura de L4 Perda de correcao

pelo menos 75 mmHg, relaxar a correcdo e, se os potenciais
nao retornarem em seguida, remover as hastes e desfazer
a correcdo, tentar novamente com outra estratégia apds o
retorno dos potenciais.'® O caso de déficit neurolégico da pre-
sente série néo foi relacionado a correcdo da deformidade,
ocorreu durante a ressec¢do 6ssea feita por via transdural
no caso de neurofibromatose, com o paciente monitorado.
Complica¢des mecanicas sdo mais comuns do que as neurolé-
gicas, uma vez que a deformidade cifética tem uma tendéncia
natural de progressdo e a sobrecarga da instrumentacdo nao
é rara, especialmente quando nao hé normalizacdo do equi-
librio sagital. Em alguns casos o paciente parece acostumado
com a posicao anteriorizada do tronco e a projecao da cabeca,
busca esse tipo de postura mesmo apds a correcio da defor-
midade, o que sugere a existéncia de algum mecanismo
neurolégico ou proprioceptivo com influéncia na habilidade
individual de manter o equilibrio do corpo.® As complica¢des
mecanicas mais descritas sdo a pseudartrose, as falhas da
instrumentacao e a perda de corre¢cdo com o tempo. A inci-
déncia de pseudartrose na literatura varia de 0 a 5%>'%% e as
falhas de instrumentacao ocorrem em até 8% dos casos, geral-
mente relacionadas com corre¢do insuficiente, osteoporose ou
falta de suporte anterior nas VPT.”%'° Nessa série ndo ocorreu
caso de pseudartrose, apenas um paciente foi acompanhado
por menos de um ano. Houve trés complicagées mecanicas
precoces, um arrancamento de parafusos (caso 8, fig. 4) e duas

fraturas da vértebra inferior instrumentada, ambas relacio-
nadas com osteoporose. O primeiro caso foi uma fixacdo de
T5 a T12, ocorreu fratura por insuficiéncia em T12. A perda
de correcdo foi pequena e o resultado clinico satisfatério,
decidiu-se ndo reabordar. Apds esse caso, a conduta do grupo
foi modificada e a defini¢do dos niveis de fixacdo distal pas-
sou a ser feita incluindo o primeiro nivel em lordose, como
preconizado no tratamento da cifose de Scheuermann.?° No
segundo caso houve uma fratura de L4 com repercussao sig-
nificativa no equilibrio sagital e no resultado funcional, mas a
paciente nio foi reoperada por haver contraindicacéo clinica
(caso 11, fig. 5). Com excecao desses dois casos de fratura,
nédo houve perda de correcdo significativa durante o acom-
panhamento. Essa manutencdo da correcdo com o passar do
tempo nos casos ndo complicados foi observada na maio-
ria das séries.®101117.21 Como ndo existem valores absolutos
para definicdo de cifose normal, os pardmetros importantes
na avaliacdo das corre¢des sdo a reducdo da cifose angular
e a restauracdo do equilibrio sagital.’” Nessa série, apenas
os dois casos de cifose juncional, que tinham fixa¢coes anti-
gas de T10 ao sacro, apresentavam descompensac¢do sagital
significativa. Isso se deve a dois fatores: primeiro, o mais
poderoso mecanismo espinopélvico de compensacio sagital
é o ajuste da lordose lombar,?>?* lesdes que ndo comprome-
tem a mobilidade lombar sdo mais facilmente equilibradas;
segundo, por uma questdo de trigonometria, quanto mais alto

Figura 3 - Cifoescoliose por neurofibromatose displasica, com rotacdo de 90 graus de T11 sobre T12, com compressao
medular. Paciente apenas com hiperreflexia dos MMII, mas restrita ao leito pela dor. (A) RX panoramico. (B) RM e RX
focalizado que mostram a deformidade angular, com cifose T10-T12 de 90° e compressao medular. (C) RM que mostra a
extensio das meningoceles ao redor da deformidade angular e leva a abordagem transdural. (D) RX pés-operatério, que
mostra boa corre¢ido da deformidade. (E) RM sete meses apos a cirurgia inicial, que mostra cisto aracnoide na extremidade
superior da instrumentacao, dois niveis acima da VPT, com compressio e deslocamento importantes da medula. A paciente
apresentou paraparesia espastica rapidamente progressiva, que permaneceu mesmo apds a cirurgia do cisto (caso 9).
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Figura 4 - Cifose angular por fratura patolégica de T3 apés tratamento de mieloma muiltiplo. Paciente paraparética com
forca grau III. (A) Aspecto inicial na ressondncia magnética, com cifose T2-T4 de 70° e compressao medular. (B) Tomografia
pos-operatéria, que mostra boa correcdo da deformidade. (C) Radiografia e tomografia feitas apés a alta, devido a aumento
subito da dor cervical. Os exames mostram arrancamento dos parafusos das massas laterais cervicais, com pequena perda
de corregdo. (D) Aspecto final ap6s nova abordagem, na qual os parafusos dorsais foram mantidos e os implantes cervicais
substituidos, com extensao da fixac¢do até C2. A radiografia em ortostase mostra a linha de prumo de C7 exatamente sobre
o aspecto posterior do platd do sacro (caso 8).

o nivel da cifose angular, menor seu impacto no equilibrio correcéo de desequilibrio sagital, Rose et al.® concluiram que
sagital global, por estar mais afastado da base.”> Em ambos a combinacdo IP + CD-LL < 45° tem um valor preditivo de 91%
os casos houve melhoria do eixo vertebral sagital (EVS), sem para manutencdo do equilibrio sagital até dois anos apds a
normalizagdo completa. Nos casos osteotomias lombares para cirurgia. Na coluna dorsal esse principio ndo parece ser valido,

Figura 5 - Artrodese L3-S1 havia mais de 10 anos, evoluiu com estenose L2-L3 e extensdo da fixa¢do para T10 havia trés
anos, desenvolveu cifose juncional progressiva. (A) RX que mostra a consolida¢do da artrodese antiga. (B) Extensdo da
fixacdo até T10, com desenvolvimento de cifose juncional. (C) RX pdés-operatdrio que mostra extensio da fixa¢ao até T2

e OSP de T9, com boa correciao da cifose. Como o segmento lombar estava firmemente consolidado e havia 12 pontos de
ancoragem distais a osteotomia, foi decidido fixar apenas até L4. (D) RX de 60 dias apds a cirurgia que mostra perda da
lordose lombar e desequilibrio sagital. A paciente impulsionou o tronco ao se levantar de uma cadeira baixa e sentiu um
estalo na regiao lombar. (E) Detalhe do RX, que mostra acunhamento de L4 e retificagdo lombar. Como a paciente apresentou
tromboembolismo pulmonar no pés-operatério e estava anticoagulada, além de outros problemas clinicos, decidiu-se
manté-la com colete e observar a evolugéo (caso 11).
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pois a perda de equilibrio que ocorre com o tempo se deve
principalmente a progressao da cifose dorsal, é mais notada
em casos nos quais o nivel superior instrumentado esté abaixo
de T5.%° Na presente série, apenas 50% dos pacientes pre-
encheram esse critério e mesmo assim ndo houve perda de
correcao.

Consideracoes finais

Mesmo que sejam procedimentos complexos, agressivos e
sujeitos a complicages, as osteotomias com resseccdo das
trés colunas se mostraram bastante eficazes e suficientemente
seguras para correcdo de deformidades sagitais rigidas. Devido
a gravidade desse tipo de deformidade, nos parece que as oste-
otomias tém o uso altamente justificado em seu tratamento.

Conflitos de interesse
Os autores declaram nao haver conflitos de interesse.

REFERE NCIAS

1. Gokce A, Ozturkmen Y, Mutlu S, Caniklioglu M. Spinal
osteotomy: correcting sagittal balance in tuberculous
spondylitis. ] Spinal Disord Tech. 2008;21(7):484-8.

2. Bridwell KH. Decision making regarding smith-petersen vs.
pedicle subtraction osteotomy vs. vertebral column resection
for spinal deformity. Spine (Phila Pa 1976). 2006;31(19):5S171-8.

3. Costa RJF, Carelli LE, Barcellos ALL, Araujo Junior AEP,
Schetino LCV. Correcao das deformidades sagitais fixas
pela técnica de osteotomia de subtragao pedicular (PSO).
Coluna/Columna. 2011;10(2):139-43.

4. LiF, Sagi HC, Liu B, Yuan HA. Comparative evaluation of
single-level closing-wedge vertebral osteotomies for the
correction of fixed kyphotic deformity of the lumbar spine.
A cadaveric study. Spine (Phila Pa 1976). 2001;26(21):2385-91.

5. Shimode M, Kojima T, Sowa K. Spinal wedge osteotomy by a
single posterior approach for correction of severe and rigid
kyphosis or kyphoscoliosis. Spine (Phila Pa 1976).
2002;27(20):2260-7.

6. Chang KW, Cheng CW, Chen HC, Chang KI, Chen TC.
Closing-opening wedge osteotomy for the treatment
of sagittal imbalance. Spine (Phila Pa 1976). 2008;33(13):
1470-7.

7. O’shaughnessy BA, Kuklo TR, Hsieh PC, Yang BP, Koski TR,
Ondra SL. Thoracic pedicle subtraction osteotomy for fixed
sagittal spinal deformity. Spine (Phila Pa 1976).
2009;34(26):2893-9.

8. Lehmer SM, Keppler L, Biscup RS, Enker P, Miller SD,

Steffee AD. Posterior transvertebral osteotomy for adult
thoracolumbar kyphosis. Spine (Phila Pa 1976).
1994;19(18):2060-7.

9. Rajasekaran S, Vijay K, Shetty AP. Single-stage
closing-opening wedge osteotomy of spine to correct severe
post-tubercular kyphotic deformities of the spine: a 3-year
follow-up of 17 patients. Eur Spine J. 2010;19(4):583-92.

10. Kawahara N, Tomita K, Baba H, Kobayashi T, Fujita T,
Murakami H. Closing-opening wedge osteotomy to correct

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

angular kyphotic deformity by a single posterior approach.
Spine (Phila Pa 1976). 2001;26(4):391-402.

Tomita K, Kawahara N, Baba H, Tsuchiya H, Fujita T,
Toribatake Y. Total em bloc spondylectomy. A new surgical
technique for primary malignant vertebral tumors. Spine
(Phila Pa 1976). 1997;22(3):324-33.

Gertzbein SD, Harris MB. Wedge osteotomy for the correction
of post-traumatic kyphosis. A new technique and a report of
three cases. Spine (Phila Pa 1976). 1992;17(3):374-9.
Buchowski JM, Bridwell KH, Lenke LG, Kuhns CA,

Lehman RA Jr, Kim Y], et al. Neurologic complications of
lumbar pedicle subtraction osteotomy: a 10-year assessment.
Spine (Phila Pa 1976). 2007;32(20):2245-52.

Chunguang Z, Limin L, Rigao C, Yueming S, Hao L,

Qingquan K, et al. Surgical treatment of kyphosis in children
in healed stages of spinal tuberculosis. ] Pediatr Orthop.
2010;30(3):271-6.

Cheh G, Lenke LG, Padberg AM, Kim Y], Daubs MD, Kuhns C,
et al. Loss of spinal cord monitoring signals in children during
thoracic kyphosis correction with spinal osteotomy: why does
it occur and what should you do? Spine (Phila Pa 1976).
2008;33(10):1093-9.

Bakaloudis G, Lolli F, Di Silvestre M, Greggi T, Astolfi S,
Martikos K, et al. Thoracic pedicle subtraction osteotomy in
the treatment of severe pediatric deformities. Eur Spine J.
2011;20 Suppl 1:595-104.

Lenke LG, Sides BA, Koester LA, Hensley M, Blanke KM.
Vertebral column resection for the treatment of severe spinal
deformity. Clin Orthop Relat Res. 2010;468(3):687-99.

Smith JA. Adult deformity - Management of sagittal plane
deformity in revision adult spine surgery. Contemp Spine
Surg. 2002;3(2):9-18.

Suk SI, Kim JH, Lee SM, Chung ER, Lee JH. Anterior-posterior
surgery versus posterior closing wedge osteotomy in
posttraumatic kyphosis with neurologic compromised
osteoporotic fracture. Spine (Phila Pa 1976).
2003;28(18):2170-5.

Herrero CFPS, Porto MA, Barbosa MHN, Defino HLA.
Osteotomias segmentares multiplas para a correcao da cifose.
Rev Bras Ortop. 2009;44(6):513-8.

Suk SI, Kim JH, Kim WJ, Lee SM, Chung ER, Nah KH. Posterior
vertebral column resection for severe spinal deformities.
Spine (Phila Pa 1976). 2002;27(21):2374-82.

Winter RB, Lonstein JE, Denis F. Sagittal spinal alignment: the
true measurement, norms, and description of correction for
thoracic kyphosis. ] Spinal Disord Tech. 2009;22(5):311-4.
Lafage V, Schwab F, Skalli W, Hawkinson N, Gagey PM,

Ondra S, et al. Standing balance and sagittal plane spinal
deformity: analysis of spinopelvic and gravity line
parameters. Spine (Phila Pa 1976). 2008;33(14):1572-8.
Schwab F, Lafage V, Boyce R, Skalli W, Farcy JP. Gravity line
analysis in adult volunteers: age-related correlation with
spinal parameters, pelvic parameters, and foot position.
Spine (Phila Pa 1976). 2006;31(25):E959-67.

Ondra SL, Marzouk S, Koski T, Silva F, Salehi S. Mathematical
calculation of pedicle subtraction osteotomy size to allow
precision correction of fixed sagittal deformity. Spine (Phila
Pa 1976). 2006;31(25):E973-9.

Rose PS, Bridwell KH, Lenke LG, Cronen GA, Mulconrey DS,
Buchowski JM, et al. Role of pelvic incidence, thoracic
kyphosis, and patient factors on sagittal plane correction
following pedicle subtraction osteotomy. Spine (Phila Pa
1976). 2009;34(8):785-91.


http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0135
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0140
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0145
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0150
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0155
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0160
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0165
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0170
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0175
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0180
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0185
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0190
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0195
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0200
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0205
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0210
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0215
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0220
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0225
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0230
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0235
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0240
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0245
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0250
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0255
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130
http://refhub.elsevier.com/S0102-3616(16)30073-X/sbref0130

	Osteotomias posteriores de três colunas para tratamento de cifose dorsal rígida – Série de casos
	Introdução
	Material e métodos
	Técnica cirúrgica

	Resultados
	Dados da amostragem
	Resultados cirúrgicos
	Complicações

	Discussão
	Considerações finais
	Conflitos de interesse
	Referências


