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Hearing; Introduction: Hearing loss is conceptualized as any impairment of the ability to hear and/or
Reactive oxygen detect speech or environment sounds, regardless of cause, type, or degree. It may occur at
species; different stages of life; during pregnancy or childbirth, in childhood, adulthood or old age. It
Free radicals should be noted that aging is the most common cause of sensorineural hearing loss followed by

noise-induced hearing loss, and both are closely related to the formation of reactive oxygen
species. Dietary antioxidant supplementation has been employed as a therapeutic strategy to
prevent and/or delay the risks of major human diseases.

Objective: To assess randomized clinical trials to determine the effect of antioxidant supple-
mentation on the auditory thresholds in patients of different age groups with sensorineural
hearing loss.

Methods: This systematic review consisted of a search in the following databases: MEDLINE,
CENTRAL, ScienceDirect, Scopus, Web of Science, LILACS, SciELO and ClinicalTrials.gov. Addi-
tionally, the gray literature was also searched. The search strategy included terms related to
the intervention (antioxidant supplementation), primary outcome (sensorineural hearing loss),
as well as terms related to randomized clinical trials to improve search sensitivity.

Results: Based on 977 potentially relevant records identified through the search in the databa-
ses, ten full-text publications were retrieved for further evaluation. The increase in threshold
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PALAVRAS-CHAVE
Audicao;

Espécies de oxigénio
reativas;

Radicais livres

Introducao

at the 4 kHz frequency was statistically higher in the control group (1.89 [1.01-2.78], p <0.0001)
when compared to the NAC group and the ginseng group, whereas at 6 kHz, the threshold incre-
ase was higher in the control group (1.42 [-1.14-3.97], p=0.28), but no statistically significant
differences were found between groups.

Conclusion: Ginseng was the antioxidant agent that showed the best effect in preventing
auditory threshold worsening at the frequency of 4 kHz, but not at 6 kHz in patients with sensori-
neural hearing loss caused by exposure to high sound pressure levels. There was no improvement
in the thresholds with vitamin E supplementation.

© 2017 Associacao Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Published
by Elsevier Editora Ltda. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

Efeito da suplementacdo de antioxidantes sobre o limiar auditivo na perda auditiva
neurosensorial: uma metanalise

Resumo

Introdugdo: A perda auditiva é conceituada como qualquer diminuicao da capacidade de ouvir
e/ou detectar sons da fala ou do ambiente, independentemente da causa, tipo ou grau e pode
ocorrer em diversos estagios da vida, durante a gestacao ou parto, na infancia, vida adulta ou
na terceira idade. Convém destacar que o envelhecimento é a primeira causa de perda auditiva
do tipo sensorioneural e em segundo lugar a perda auditiva induzida pelo ruido, ambas estao
intimamente relacionadas com a formacao de espécies reativas de oxigénio. Evidéncias tém
sido acumuladas indicando que a suplementacao com antioxidantes via alimentacao tornou-se
estratégia terapéutica para prevenir e/ou retardar os riscos das principais doencas humanas.
Objetivo: Avaliar ensaios clinicos aleatorios para determinar qual o efeito da suplementacéo
com antioxidantes sobre o limiar auditivo na perda auditiva sensorioneural em pacientes de
diversas faixas etarias.

Método: A formulacao desta revisdo sistematica consistiu na busca dos estudos nas seguintes
bases de dados: MEDLINE, CENTRAL, ScienceDirect, Scopus, Web of Science, LILACS, SciELO e
ClinicalTrials.gov. Adicionalmente, a literatura cinzenta também foi pesquisada. A estratégia de
busca incluiu termos relacionados a intervencao (suplementacéo de antioxidantes), o desfecho
primario (perda auditiva sensorioneural), bem como termos relacionados aos ensaios clinicos
randomizados para melhorar e a sensibilidade da busca.

Resultados: A partir de 977 registros potencialmente relevantes identificados através da busca
nas bases de dados, dez publicacées em texto completo foram recuperadas para avaliacao
mais aprofundada. O aumento no limiar na frequéncia de 4 kHz foi estatisticamente maior no
Grupo Controle (1,89 [1,01-2,78], p<0,0001) quando comparados com o Grupo NAC e o Grupo
Ginseng, ja na frequéncia de 6 kHz o aumento no limiar foi maior no Grupo Controle (1,42 [-
1,14-3,97], p=0,28), porém, nao foram encontradas diferencas estatisticamente significativas
entre grupos.

Conclusao: O Ginseng foi o antioxidante que evitou a piora do limiar auditivo na frequéncia
de 4kHz, mas nao em 6kHz, em pacientes com perda auditiva sensorioneural causada por
exposicao a elevados niveis de pressdo sonora. Nao foi observada melhora nos limiares com a
suplementacao com Vitamina E.

© 2017 Associacdo Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Publicado
por Elsevier Editora Ltda. Este é um artigo Open Access sob uma licenca CC BY (http://
creativecommons.org/licenses/by/4.0/).

deficiéncia auditiva e no mundo estima-se que 360 milhdes
de pessoas tenham tal problema de saude.’

A integridade do sistema auditivo é importante para a
comunicacdo do individuo e sua interacao social.” Atual-
mente, a surdez é considerada como um problema de salide
publica em virtude de sua significativa prevaléncia, mas,
sobretudo, pelas multiplas consequéncias que pode acarre-
tar ao desenvolvimento humano nos aspectos intelectuais,
sociais, linguisticos, cognitivos, emocionais e culturais.’
Cerca de 9,7 milhdes de brasileiros sao portadores de

A perda auditiva é conceituada como qualquer
diminuicdo da capacidade de ouvir e/ou detectar sons
da fala ou do ambiente, independentemente da causa, do
tipo ou do grau, e pode ocorrer em diversos estagios da
vida, durante a gestacao ou parto, na infancia, vida adulta
ou na terceira idade.® Segundo Lloyd & Kaplan (1978),’
pode ser classificada quanto ao grau em leve, moderada,
moderadamente severa, severa ou profunda, pode afetar
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uma ou ambas as orelhas; quanto ao tipo pode ser classifica
em condutiva, neurossensorial e/ou mista;® e quanto a sua
origem pode ser adquirida ou congénita.®

As principais causas da perda auditiva congénita sao
genéticas, infeccdes congénitas e uso de medicamentos
ototoxicos durante a gravidez. Ja a deficiéncia auditiva
adquirida pode ocorrer como consequéncia de diversos fato-
res, como: predisposicdo genética, sequela da meningite,
exposicao a ruidos, envelhecimento, uso de medicamentos
ototoxicos e em algumas situacdes a etiologia permanece
desconhecida.’

Convém destacar que o envelhecimento é a primeira
causa de perda auditiva do tipo sensorioneural e em segundo
lugar a perda auditiva induzida pelo ruido, ambas estao
intimamente relacionadas com a formacao de espécies rea-
tivas de oxigénio (Eros), as quais sdo responsaveis por uma
série de danos a moléculas bioldgicas, presentes na coclea,
como também ao desenvolvimento de varias outras doencas
humanas. Diante disto, existe a necessidade permanente de
inativar ou reduzir a formacao desses radicais livres, com
o uso de antioxidantes, por exemplo, que sdao agentes res-
ponsaveis pela inibicao e reducao das lesdes causadas pelos
radicais livres nas células.

Os alimentos, principalmente as frutas, verduras e legu-
mes, também contém agentes antioxidantes, tais como
as vitaminas C, E e A, a clorofilina, os flavonoides,
carotenoides, curcumina e outros que sao capazes de res-
tringir a propagacao das reacoes em cadeia e as lesoes
induzidas pelos radicais livres."'-'* Evidéncias acumula-
das indicam que a suplementacdao com antioxidantes via
alimentacao tornou-se estratégia terapéutica para pre-
venir e/ou retardar os riscos das principais doencas
humanas. '

Assim, a presente metanalise objetivou avaliar ensaios
clinicos aleatoérios para determinar qual o efeito da
suplementacdao com antioxidantes sobre o limiar auditivo
na perda auditiva sensorioneural em pacientes de diversas
faixas etarias.

Método

A formulacdo desta revisao sistematica buscou respon-
der a seguinte pergunta: ‘‘Os pacientes de diversas
faixas etarias com perda auditiva sensorioneural que rece-
beram suplementacdao com antioxidantes apresentaram
melhores limiares auditivos?’’ A partir dessa pergunta,
a presente metanalise esta relatada de acordo com
o Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (Prisma) Statement.'* O protocolo
foi previamente publicado na base de dados Pros-
pero (http://www.crd.york.ac.uk/PROSPERQ), mediante o
n° CRD42015027677.

Considerando o seguimento dos critérios do Prisma, as
questoes abordadas no objetivo remetem-se a estratégia de
PICO, os pacientes sao aqueles de diversas faixas etarias com
perda auditiva sensorioneural, a intervencao corresponde a
suplementacao com antioxidantes comparados com sujeitos
que nao receberam a suplementacao, os resultados se rela-
cionam com os limiares auditivos e o desenho dos estudos
investigados foi o ensaio clinico randomizado.

Estratégia de busca

As seguintes bases de dados foram pesquisadas até junho
de 2016: Medline, Central, ScienceDirect, Scopus, Web
of Science, Lilacs, SciELO e ClinicalTrials.gov. Adicional-
mente, as seguintes bases de dados referentes a literatura
cinzenta também foram pesquisadas: OpenGrey.eu, DissOn-
line.de, NYAM.org e ClinicalEvidence.com. Nao houve busca
manual dos artigos incluidos e especialistas na area nao
foram contatados para evitar o risco de viés.”> A estra-
tégia de busca incluiu termos relacionados a intervencao
(suplementacao de antioxidantes), ao desfecho primario
(perda auditiva sensorioneural), bem como termos relaci-
onados aos ensaios clinicos randomizados para melhorar a
sensibilidade da busca.'® Esses descritores foram usados em
inglés para a busca na grande maioria das bases de dados,
no entanto os artigos necessitavam apresentar ao menos
o titulo e/ou resumo em inglés para compor a presente
selecdo. A estratégia de pesquisa completa é mostrada no
material suplementar (Apéndice 1). A pesquisa nao foi res-
trita a qualquer ano de publicacao ou idioma.

Critérios de elegibilidade

Apenas ensaios clinicos randomizados que preencheram os
seguintes critérios foram incluidos: 1) Individuos apresenta-
vam diagnostico de perda auditiva sensorioneural (induzida
por substancias ototdxicas, como cisplatina, gentamicina,
amicacina, canamicina, neomicina e outros; induzida por
ruido e presbiacusia); 2) Presenca de um grupo submetido
a suplementacdo com antioxidantes através da alimentacao
oral (Vitamina C, Vitamina E, carotenoides, flavonoides e
outros) e outro grupo controle. Nao houve restricdes base-
adas no sexo, na etnia ou em comorbidades. No minimo,
os estudos precisavam ter avaliado o limiar auditivo como
resultado e deveriam relatar os valores médios encontrados
ou as diferencas entre os valores médios.

Os critérios de exclusao foram: 1) Estudos nos quais a
intervencao dietética nao se relacionava com a avaliacao
da perda auditiva e; 2) Publicacées duplicadas.

Extracdo dos dados

Os titulos e resumos dos artigos recuperados foram avalia-
dos, de forma independente, por dois investigadores que nao
estavam cegos para os autores ou os titulos de periodicos.
As versdes completas dos artigos potencialmente elegiveis
foram recuperadas para avaliacao mais aprofundada.

O resultado primario investigado nos estudos foi a
melhoria dos limiares auditivos apos a suplementacdo com
antioxidantes, mediante a identificacdo prévia do tipo de
perda auditiva verificada e do instrumento de avaliacao
usado. Além disso, foram verificados, como resultado secun-
dario, fatores associados ao uso dos antioxidantes, como: o
tipo de substancia usada, quantidade de ingestao do antio-
xidante e o tempo de suplementacao.

Todas as informacoes necessarias foram extraidas a partir
dos artigos publicados, protocolos e comentarios relaciona-
dos a cada estudo e, quando necessario, os autores foram
contatados para obter informacdes adicionais. Para os estu-
dos que tiveram mais do que dois grupos experimentais,
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0 mais adequado ao objetivo proposto foi escolhido pelos
autores. Quaisquer divergéncias foram resolvidas por con-
senso. Nos casos em que ndo houve consenso, um terceiro
autor foi convocado para tomar a decisao final.

Além dos dados do desfecho também foram extraidos os
nomes dos autores, titulo, ano de publicacéo, pais, as faixas
etarias dos grupos, o nimero de sujeitos em cada grupo,
tipo e grau da perda auditiva, por orelha. Um formulario
padrao para armazenamento de dados foi criado com base
no modelo adotado pela Cochrane."’

Avaliacao do risco de viés

O risco de viés foi analisado de acordo com as
recomendacées do Handbook da Cochrane' no nivel do
resultado primario.

A qualidade dos estudos foi avaliada por dois investi-
gadores independentes em quatro categorias: geracao da
sequéncia adequada; sigilo de alocacao; mascaramento dos
participantes, do pesquisador e dos avaliadores e manejo de
dados ausentes para posterior julgamento final.

Analise dos dados

A melhoria do limiar auditivo apds a suplementacdo com
antioxidantes foi analisada. Os efeitos do tratamento atra-
vés dos ensaios foram combinados e a diferenca de média
ponderada para as medidas de resultados foi calculada.

Para isso, foi usado como medida do efeito da diferenca
média entre os grupos e como método estatistico de analise
um modelo de efeitos aleatorios. Um valor de o < 0,05 foi
considerado estatisticamente significante. Quando nao foi
possivel obter dados adequados para analise, seguiram-se
as recomendacoes da Cochrane.

A heterogeneidade estatistica entre os estudos foi ana-
lisada com o teste de Cochrane e a inconsisténcia com o
teste do 1.2 Um valor de p < 0,10 foi considerado estatisti-
camente significante. Quando necessario, caracteristicas do
estudo consideradas potenciais fontes de heterogeneidade
foram incluidas em uma analise de subgrupos. Além disso,
em caso de heterogeneidade, os estudos foram removidos,
um por um, para investigar se o estudo removido fora a fonte
de heterogeneidade.

Todas as analises foram conduzidas com o software Rev-
Man 5.3 (Cochran Collaboration).

Resultados
Estudos incluidos

A partir de 977 registros potencialmente relevantes identifi-
cados através da busca nas bases de dados, dez publicacdes
em texto completo foram recuperadas para avaliacao mais
aprofundada. Desses, cinco foram excluidos apos a analise
de texto completo, foram incluidos cinco artigos na analise
qualitativa e desses quatro na analise quantitativa (tabela
1). O diagrama de fluxo que ilustra a pesquisa e a selecao
dos estudos esta exposto na figura 1.

Entre os cinco estudos excluidos, o trabalho de Kaya et al.
(2014)," apesar de ser incluido para verificacao dos critérios

de elegibilidade, foi posteriormente excluido, pois a escolha
de receber ou nao a suplementacao dos antioxidantes ficava
a critério do paciente, nao foi feita de maneira aleatoria, o
que nao caracteriza um ensaio clinico randomizado.

Ja o estudo de Schmitz et al. (2012)% referia-se ao risco
de perda auditiva, e nao a perda auditiva propriamente dita,
distanciou-se dos objetivos dos demais trabalhos incluidos
nesta revisao, foi, portanto, excluido também. Os estudos
de Guilles et al. (2014)?' e Quaranta et al. (2012)*? foram
eliminados pois verificaram a perda auditiva temporaria.
Por fim, o estudo de Reisser & Weidauer (2001)>* também
nao foi incluido porque no grupo de individuos que recebeu
os antioxidantes usou-se a técnica de infusdo, e nao a de
suplementacdo, que corresponde a intervencao do presente
estudo. A tabela 1 refere-se as caracteristicas gerais dos
artigos incluidos.

A tabela 2 retrata as caracteristicas da intervencao feita
e os resultados encontrados pelos artigos incluidos nesta
revisdo sistematica.

Avaliacao do risco de viés

0 risco de viés dos estudos em nivel do resultado primario
€ mostrado na tabela 3. Dos cinco estudos incluidos, trés
nao relataram o método usado para geracdo da sequéncia;
quanto ao sigilo de alocacao, todos os artigos nao fornecem
informacoes suficientes sobre esse processo para permitir
julgamento. Todos os cinco artigos relataram a existéncia
do mascaramento dos avaliadores, bem como a justificativa
para os dados ausentes, quando esses ocorreram.

Analise de dados

Ao considerar a diversidade dos objetivos e das metodologias
dos artigos selecionados, foram feitas analises quantita-
tivas de dados ao combinar os artigos que apresentaram
resultados em comum. A figura 2 representa os trabalhos
que proporcionaram melhoria no limiar auditivo apoés a
suplementacao com antioxidantes. Ja as figuras 3 e 4 repre-
sentam o efeito global da suplementacao de antioxidantes
sobre o limiar auditivo nas frequéncias especificas de 4 kHz
e 6 kHz, respectivamente.

Verifica-se que apesar de o trabalho de Doosti et al.
(2014)** comprovar a melhoria na amplitude da EOAPD
em altas frequéncias (4 e 6 kHz) e indicar em ambas as
orelhas melhoria na funcao das células ciliadas, nao apresen-
tou dados suficientes que sinalizassem a melhoria/piora do
limiar auditivo apds o uso de antioxidantes, nem dados que
permitissem a comparacao com os demais estudos, Doosti
et al. (2014)?° e Polanski & Cruz (2013),% em relacéo ao
efeito sobre as frequéncias especificas de 4 e 6 KHz.

O grupo controle apresentou um risco maior de piorar
o limiar auditivo (RR = 0,93 [0,82-1,05]; p=0,24); porém,
nao foram encontradas diferencas estatisticamente signifi-
cativas entre grupos.

0 aumento no limiar foi estatisticamente maior no Grupo
Controle (1,89 [1,01-2,78]; p < 0,0001) quando comparado
com o Grupo NAC e o Grupo Ginseng.

O aumento no limiar foi maior no Grupo Controle
(1,42 [-1,14-3,97]; p=0,28); porém, nao foram encontradas
diferencas estatisticamente significativas entre grupos.
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Tabela 1

Caracteristicas gerais dos estudos incluidos

Fonte Cidade (Pais)

Amostra (Sexo)

Média de idade (anos) + desvio-padrao

Joachims et al.,
2003%7

Haifa (Israel)

Kharkheli et al.,
200728

Georgia
(Estados
Unidos)

Polanski & Cruz
2013%

Sao Paulo (Brasil)

Doosti et al., Teera (Ira)

66 pacientes

33 do Grupo S

33 do Grupo C

52 pacientes

(23 masculino; 29 feminino)

Vitamina E: 23

Placebo: 29

120 pacientes

(53 masculino; 67 feminino)

Placebo: 30

Ginkgo

Biloba: 30

30 Grupo «a acido lipoico + Vitamina C

30 Grupo Cloridrato de
papaverina + Vitamina E
48 trabalhadores (masculino)

41

15-70 anos (Média
de idade: 41 anos)
32,6 (£ 11,1) - Grupo Experimental;

29,0 (+ 10,3) - Grupo Controle

74,3 +8,5 - Grupo Ginkgo
Biloba;

74,6 £5,4 - Grupo

a acido

lipoico + Vitamina C;

71,2+ 6,4 - Grupo Cloridrato de
papaverina + Vitamina E;
75,4+7,0 - Grupo Placebo

39,12 (£5)

2014 NAC - 16

Ginseng - 16
Controle - 16
Doosti et al.,

20147

Teera (Irad)
NAC - 16
Ginseng - 16
Controle - 16

48 trabalhadores (masculino)

39,38 +6,2 - Grupo NAC;
38,38 +4,4 - Grupo Ginseng;
39,62 +4,6 - Grupo Controle
39,12 (£5)

39,38 &6 — Grupo NAC;
38,38 4 - Grupo Ginseng;
39,62 +4 - Grupo Controle

NAC, N-acetil-cisteina.

A partir das metanalises feitas dos estudos supracita-
dos, como pode ser observado na figura 2, constata-se
que os trabalhos selecionados buscaram verificar a taxa de
recuperacao-melhoria no tratamento?’-?¢ e nas figuras 3 e 4
esta a mudanga temporaria do limiar auditivo (nas frequén-
cias 4 e 6 kHz).?>?® Apesar de os resultados mostrarem
uma possivel melhoria geral no limiar auditivo do Grupo
Experimental,?-?® além de aumento no limiar auditivo para
a frequéncia de 6 kHz do Grupo Experimental,?>?¢ a meta-
nalise feita nao apresentou diferencas significativas entre
os grupos. Contudo, para a frequéncia de 4 kHz a pioria do
limiar auditivo foi significativamente menor no Grupo Expe-
rimental, quando comparada com a do Grupo Controle.?%¢

Discussao

Os quatro estudos incluidos na analise quantitativa corres-
ponderam a 286 individuos distribuidos aleatoriamente para
condicoes de um grupo que recebeu a suplementacao com
antioxidantes e outro que nao recebeu (Grupo Controle).
Os quatro estudos tinham, além da suplementacéo de anti-
oxidantes, usado farmacos concomitantes, foi escolhida a
intervencao referente a suplementacao e um estudo teve
mais de dois grupos de intervencao, foram determinados por
CoNsenso 0s grupos que se encaixavam melhor na analise.
Os estudos?#-?® avaliaram diferentes tipos de perda audi-
tiva e por conseguinte usaram intervencoes distintas para

verificar o efeito da suplementacdao de antioxidantes nos
respectivos tipos de perda. Além disso, os estudos se dife-
renciaram quanto ao antioxidante suplementado, a dose
usada e ao tempo de suplementacado. Os instrumentos de
avaliacao da perda auditiva foram: audiometrias tonal e
vocal,?”’ emissdes otoacUsticas por produto de distorcao,”
audiometria tonal e audiometria tonal de alta frequéncia
pré e pos?® e audiometria tonal pré e p6s2®?® e, portanto, os
resultados foram diferentes entre os estudos.

O estudo de Joachims (2003)?” teve como objetivo
investigar o possivel beneficio do efeito antioxidante da
Vitamina E no tratamento de surdez subita. O delineamento
experimental consistiu na divisao dos participantes em dois
grupos, o Grupo C foi composto de pacientes que receberam
prednisona (1 mg/kg/dia), sulfato de magnésio intravenoso
(4 g/dia) e carbogénio por mascara (95% 02 +5% CO2) por
30 minutos durante quatro vezes ao dia e o Grupo S rece-
beu, além da intervencao do Grupo C, a Vitamina E (400 mg,
duas vezes por dia). A taxa de recuperacao, calculada como
ganho de audicéo dividida pela diferenca de nivel de audicao
entre os afetados e ouvido afetado, foi maior do que 75% em
41 dos 66 (62,12%) pacientes incluidos no estudo. Essa taxa
foi alcancada em 26 (78,78%) pacientes no Grupo S (tratados
com a Vitamina E), comparados com 15 (45,45%) pacientes
no Grupo de Controle (Grupo C). Verificou-se melhoria dos
pacientes tratados com a adicdo da Vitamina E; porém os
autores recomendaram mais estudos para melhor compre-
ensao do papel dos antioxidantes em surdez sUbita.
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Registros adicionais identificados através

Figura 1

Com o objetivo de verificar o efeito otoprotetor da Vita-
mina E sobre o efeito ototdxico da gentamicina, Kharkheli
et al. (2007)?® distribuiram, aleatoriamente, 52 pacien-
tes que estavam em uso da gentamicina para tratamento
de infeccao pulmonar aguda em dois diferentes grupos, o
primeiro foi determinado como Grupo Experimental, que
recebia a dosagem de 80 mg de gentamicina (trés vezes ao
dia) associada com 2.800 mg/dia de Vitamina E, dividida
em trés por¢coes (1.200 mg; 800 mg; 800 mg), o segundo
foi intitulado como Grupo Controle, também recebia 80 mg
de gentamicina (trés vezes ao dia) associada a placebo
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Diagrama de fluxo da selecdo dos estudos.

constituido de 6leo de amendoim, gelatina, glicerina e sor-
bitol. O experimento foi feito durante sete dias e para fins
de analise compararam-se os dados obtidos pela audiometria
tonal antes do inicio e apds seis a oito semanas da conclu-
sao da suplementacao. Observou-se elevacao dos limiares
auditivos em ambos os grupos, mas sem diferenca estatis-
ticamente significante, o que sugere que a Vitamina E nao
apresente efeito otoprotetor sobre o efeito ototoxico exer-
cido pela gentamicina.

Esses dois estudos foram os Unicos que apresentaram
0 ‘'n’’ de participantes de cada grupo estudado (grupo



Tabela 2 Caracteristicas dos estudos incluidos quanto a intervencao e os resultados encontrados
Fonte Tipo de Intervencao para Antioxidante Quantidade Tempo de Instrumento Efeito no Resultados Observacoes
perda perda auditiva usado adminis- suplementacao de avaliacao limiar encontrados
auditiva trada da perda auditivo
verifi- auditiva
cada
Joachims Perda Grupo C: Vitamina Grupo S a Audiometria Grupo C Melhoria de A vitamina E foi
et al., auditiva Predinisona (1 E - 400 mg tonal e - 45,45% 75% observada como
2003%7 subita (< mg/kg/dia); (2 x /dia) vocal. (n=15) ou mais na sendo benéfica no
7 dias). Sulfato de apresen- taxa de tratamento da
magnésio tou o recuperacao perda auditiva
intravenoso (4 resultado subita.
g/dia);
Carbogénio por
mascara (95%
02 +5% C0O2) - 30
min/ 4 x /dia;
Grupo C -
N melhorou:
15
N total: 33
Grupo S: Grupo S - Grupo S -
intervencao do 78,78% N melhorou:
grupo C +Vitamina (n=26) 26
E (400 mg apresentou N total: 33
2 x /dia). o resultado;
Kharkheli Induzida Grupo Vitamina 2800 7 dias Audiometria Houve Os critérios A vitamina E, nao
et al., por subs- experimental - 80 E mg/dia tonal pré elevacao dos  analisados é clinicamente
200778 tancias mg de gentamicina em trés e pos. limiares nao apre- eficaz contra a
ototoxi- (3 x /dia) + Vitamina porcoes: auditivos em  sentaram ototoxicidade
cas. E (2800 mg/dia em 1200 mg; nimero diferenca induzida pela
trés porcoes: 1200 800 mg; semelhante de estatistica. gentamicina.
mg; 800 mg; 800 800 mg); pacientes de Porém, devido ao
mg); ambos os numero limitado
grupos, mas Grupo de sujeitos a
sem diferenca controle conclusao deve ser
estatistica. N melhorou: considerada
26 delicada.
N total: 29

vLE

‘le 12 3w eznos



Tabela 2 (Continucdo)

Fonte Tipo de Intervencao para Antioxidante  Quantidade Tempo de Instrumento Efeito no Resultados Observacoes
perda perda auditiva usado adminis- suplementacao de avaliacao limiar encontrados
auditiva trada da perda auditivo
verifi- auditiva
cada
Grupo controle - Grupo expe-
80 mg de rimental
gentamicina N melhorou:
(3 x /dia) + placebo 20
(6leo de N total: 23
amendoim,
gelatina, glicerina
e sorbitol).
Polanski Presbiacusia Grupo 1 - Ginkgo Ginkgo Ginkgo 6 meses Audiometria Houve Os resultados  Os resultados
& Cruz, Biloba (120 Biloba; Biloba (120 tonal e diferenca nos  antes e depois nao mostraram
2013% mg/dia); « acido mg/dia); a vocal pré limiares tratamento diferenca esta-
Grupo 2 - « acido lipoico acido lipoico e pos. audioldgicos:  nao foi signifi-  tisticamente
lipoico (60 +Vitamina (60 mg/dia) 500 Hz, 1000  cativamente significante
mg/dia) + vitamina C; +Vitamina C Hz e 8000 Hz, diferente em  dos efeitos das
C (600 mg/dia); Vitamina (600 sendo maior qualquer grupo substancias
Grupo 3 - E. mg/dia); para o Grupo 4 de antioxidantes
Cloridrato de Vitamina E quando tratamento. nos limiares
papaverina (100 (400 comparado ao auditivos desta
mg/dia) + vitamina mg/dia). Grupo 2. populacao nos
E (400 mg/dia); 6 meses de
Grupo 4 - estudo.
placebo.
Doosti Perda Grupo controle - Ginseng Grupo 14 dias (2 Emissoes Grupos NAC e Reduzida a A
et al., auditiva sem intervencao; ginseng - semanas) otoacus- Ginseng amplitude generalizacao
2014% induzida 200 ticas por apresentaram  da EOAPD dos resultados
por mg/dia produto o resultado; em altas encontrados
ruido. de além disso, o frequéncias em relacao aos
distorcao grupo NAC (4 e 6 kHz) efeitos
- EOAPD apresentou em ambas protetores
(1,2,4e melhor as orelhas. dessas
6 kHz). amplitude da intervencoes
EOAPD do que requer
0 grupo ensaios com
Ginseng. diferentes

dosagens e em
uma populacao
maior.
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Tabela 2 (Continugdo)

Fonte Tipo de Intervencao para Antioxidante  Quantidade Tempo de Instrumento Efeito no Resultados Observacoes
perda perda auditiva usado adminis- suplementacao de avaliacao limiar encontrados
auditiva trada da perda auditivo
verifi- auditiva
cada
Grupo NAC - NAC Grupo
1.200 mg/dia; controle
N melhorou:
N total: 16
Grupo Grupo NAC
Ginseng N melhorou:
- 200 N total: 16
mg/dia. Grupo
Ginseng
N melhorou:
N total: 16
Doosti Perda Grupo controle - Ginseng Grupo G 14 dias Audiometria GrupoNe G Reduziu a NAC
et al., auditiva sem intervencao; - (2 sema- tonal e apresenta- mudanca e Ginseng
2014% induzida Ginseng nas) audiome- ram o temporaria mostraram-
por 200 tria de resultado; do limiar -se ter
ruido. mg/dia alta auditivo (4, efeitos
frequén- 6 e 16 kHz) preventi-
Grupo N - NAC ciaprée O grupo Grupo vos da
1.200 mg/dia; pos. N teve controle PAIR.
reducao N melhorou: Esse
mais N total: 16 efeito
Grupo G - Ginseng acentu- Grupo NAC benéfico
200 mg/dia. ada. N melhorou: foi mais
N total: 16 visto no
Grupo grupo N.
Ginseng
N melhorou:
N total: 16

NAC, N-acetil-cisteina.
@ Nao especificado.
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Tabela 3 Riscos de viés dos artigos incluidos
Fonte Geracao da Sigilo da Mascaramento Mascaramento Manejo de
sequéncia alocacao do participante dos avaliadores dados ausentes
e pesquisador
Joachims et al., 2003%” Incerto Incerto Baixo Baixo Baixo
Kharkheli et al., 200728 Incerto Incerto Baixo Incerto Baixo
Polanski & Cruz, 2013%¢ Baixo Baixo Baixo Baixo Baixo
Doosti et al., 2014* Baixo Baixo Baixo Baixo Baixo
Doosti et al., 20142 Baixo Baixo Baixo Baixo Baixo
Controle Experimental Razéo de Risco Razao de Risco

Estudo ou Subgrupo Eventos Total Eventos Total Peso M-H, Random, 95% CI M-H, Aleatéria, IC 95%

Joachims et al. 27 33 31 33 48.3% 0.87[0.73, 1.05]

Kharkelli et al. 26 29 21 23 51.7% 0.98[0.82, 1.17]

Total (IC 95%) 62 56 100.0% 0.98[0.82, 1.07]

Eventos totais 53 52

Heterogeneidade Tau® = 0.00; Chi® = 0.87, df = 1 (P = 0.35):1* = 0% b o T 1 !

Teste para efeito geral: Z=1.18 (P = 0.24)

. 2
Fatores [Controle] Fatores [Experimental]

Efeito global da suplementacao de antioxidantes sobre o limiar auditivo.

Diferenca Média
1V, Aleatoria, 95% CI

Diferenca Média
IV, Aleatoéria, IC 95%

Figura 2
Controle Experimental
Estudo ou Subgrupo Média SD Total Média SD Total Peso
Doosti et al. 2.46 1.07 16  0.53 1.47 16 99.2%
Polanski et al. 61.7 131 11 643 126 16

Total (IC 95%) 27

Teste para efeito geral: Z = 4.18 (P < 0.0001)

0.8%

32 100.0%
Heterogeneidade: Tau® = 0.00; Chi? = 0.80, df = 1 (P = 0.37):1? = 0%

1.93 [1.04, 2.82]
-2.60 [-12.50, 7.30]

*

4 4 4 4
T

40 5 0 5 10
Controle Experimental

1.89[1.01, 2.78]

Figura 3  Efeito global da suplementacao de antioxidantes sobre o limiar auditivo na frequéncia de 4 kHz.
Controle Experimental Diferenga Média Diferenga Média
Estudo ou Subgrupo Média SD Total Média SD Total Peso IV, Aleatéria, 95% ClI 1V, Aleatéria, IC 95%
Doosti et al. 234 1.02 16 065 154 16 958%  1.69[0.78, 2.60]
Polanski et al. 70 16.1 11 748 156 16 4.2% -4.80[-17.00, 7.40]
Total (IC 95%) 27 32 100.0%  1.42[1.14,3.97]

Heterogeneidade: Tau® = 1.57; Chi® = 1.08, df = 1 (P = 0.30):° = 7%

Teste para efeito geral: Z = 1.08 (P < 0.28)

Figura 4

controle e o grupo intervencao, foi escolhido aquele que
continha a Vitamina E), bem como seus respectivos per-
centuais de melhoria. Apesar de ambos estudarem o efeito
do mesmo antioxidante na perda auditiva sensorioneural,
as causas dessa perda foram diferentes em cada um dos
estudos. Enquanto no estudo de Joachims (2003)* a perda
auditiva sensorioneural foi de origem sUbita e avaliada de
maneira unilateral e sugeriu uma possivel melhoria com a
suplementacao da Vitamina E, Kharkheli et al. (2007)%® estu-
daram a perda auditiva sensorioneural provocada pelo uso
da gentamicina, um dos principais medicamentos ototoxicos
usados para o tratamento de infeccao pulmonar, e o uso da
mesma vitamina nao exerceu a funcao otoprotetora.
Considerando que foram encontrados poucos artigos que
usaram suplementacao com antioxidantes para avaliar a
protecao e a melhoria auditiva e ainda que os trabalhos
encontrados ndo se agrupem numa mesma categoria, em

40 5 0 5 10
Controle Experimental

Efeito global da suplementacédo de antioxidantes sobre o limiar auditivo na frequéncia de 6 KHz.

relacdo ao antioxidante avaliado e a causa da perda audi-
tiva sensorioneural analisada, além do uso de amostras
pequenas, identifica-se uma fragilidade dos estudos encon-
trados, bem como desta metanalise, sinaliza a necessidade
de outros estudos nessa tematica.

Polanski & Cruz (2013)?° buscaram avaliar o efeito de
agentes antioxidantes no limiar de audicao de pacientes
com presbiacusia. Para tanto, a amostra (n = 120) foi dividida
em quatro grupos que receberam os seguintes tratamentos:
extrato seco de ginkgo biloba (120 mg/dia), acido a-lipoico
(60 mg/dia) e Vitamina C (600 mg/dia), cloridrato de papa-
verina (100 mg/dia) e Vitamina E (400 mg/dia) ou placebo.
Todos os participantes foram avaliados no recrutamento e
depois de seis meses, por meio dos limiares da audiometria
tonal (por médias e por frequéncias isoladas) e do indice Per-
centual de Reconhecimento de Fala (IRPF). Como resultado,
nao houve alteracao estatisticamente significante no limiar
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auditivo ap6s os tratamentos testados, durante o periodo de
estudo.

O estudo de Doosti et al. (2014)*° teve como objetivo
verificar o efeito otoprotetor da N-acetil-cisteina (NAC) e
do Ginseng em trabalhadores expostos a elevados indices
de pressao sonora, ou seja, na Perda Auditiva Induzida por
Ruido (PAIR).

Os autores separaram aleatoriamente 48 trabalhadores
expostos a ruido continuo em uma fabrica téxtil em trés
grupos: 1) Grupo Controle (n =16) correspondeu aqueles que
nao receberam drogas antioxidantes; 2) Grupo (n=16), que
recebeu a N-acetil-cisteina (NAC) via oral (1200 mg/dia)
e; 3) Grupo Ginseng (n=16), que recebeu o antioxidante
por via oral (200 mg/dia). As audiometrias tonais e de alta
frequéncia foram feitas no primeiro dia e apos 15 dias
da intervencao. Os resultados mostraram melhoria tem-
poraria dos limiares induzidos pelos ruidos para o Grupo
NAC e para o Grupo Ginseng nas frequéncias de 4, 6 e
16 kHz (p <0,001) em ambas as orelhas. Além disso, os
efeitos otoprotetores foram maiores no Grupo NAC. Assim,
o estudo mostra que o NAC e o ginseng podem reduzir o
impacto do ruido ocupacional ao qual os trabalhadores estao
expostos e recomenda mais estudos para comprovar os bene-
ficios dos antioxidantes em programas de conservacao de
audicao.

Os trabalhos de Polanski & Cruz (2013)?® e Doosti et al.
(2014)% usaram como instrumento para avaliacio da perda
auditiva a audiometria e apesar de usarem antioxidantes
diferentes, analisaram frequéncias audiométricas simila-
res, como a de 4 e 6 kHz. Considerando os resultados na
metanalise, verificou-se que na frequéncia de 6 kHz nao
foi observada melhoria com o uso de antioxidantes, tal-
vez devido ao tempo de exposicao/uso do antioxidante para
ocorréncia disso. Contudo, nao é possivel afirmar, devido a
técnica de avaliacdo usada, que nao houve uma melhoria da
funcao das células ciliadas nessa frequéncia. Para isso, seria
necessario uma avaliacdo auditiva mais aprofundada, com
analise das emissdes otoacusticas produto de distorcao.

Por outro lado, a metanalise mostrou que a frequén-
cia de 4 kHz apresentou resultados significativos com o uso
antioxidantes, destacaram-se a PAIR como causa da perda
auditiva sensorioneural e o Ginseng como um dos antioxi-
dantes responsaveis pelo efeito otoprotetor. Tais resultados
se assemelham ao encontrado por Doosti et al. (2014),% uma
vez que o mesmo responde por 99,2% do peso na metanalise
(figura 3).

A exposicao a ruidos intensos ao longo do tempo ativa
mecanismos, fisicos, morfoldgicos e mecanicos, que podem
provocar lesdo na coclea e causar perda auditiva.?*
Além disso, mecanismos moleculares e metabolicos também
podem ser responsaveis por esse tipo de lesdo.>"3?

Tais lesdes podem ser temporarias ou permanentes.?
Os mecanismos da perda auditiva permanente por origem
coclear sdo ocasionados pela morte de células ciliadas
(internas e externas), neuronios aferentes primarios ou
ambos.** Ja o mecanismo exato da perda auditiva tem-
poraria ndo esta claro.** Estudos recentes indicam que a
formacao de espécies reativas de oxigénio (Eros) e o estresse
oxidativo sdo as principais causas metabdlicas da perda audi-
tiva temporaria.3*3*

As Eros sao moléculas caracterizadas por apresentar um
elétron desemparelhado e naturalmente estdo presentes
no organismo ao participar do processo de homeostase e
em importantes vias de sinalizacao. No entanto, como con-
sequéncia do desbalanco do sistema antioxidante endégeno,
as concentracdes de EROS podem se elevar a niveis toxi-
cos e causar desde danos as membranas, ao citosol e as
mitocéndrias até a morte celular.?%

Especificamente, o excesso de radicais livres no epité-
lio sensorial coclear, nos neurdnios ganglionares espirais e
nas células da estria vascular da coclea pode ter papel rele-
vante no desenvolvimento de perda auditiva.®® O excesso
de Eros é claramente o fator-chave na patogénese de outras
condicdes otologicas induzidas pelo estresse e pela idade e
que também resultam em perdas auditivas pela exposicao a
ruidos intensos e pelo efeito das drogas ototdxicas.>”-3

Sabe-se que a NAC é um potente eliminador de radi-
cais livres e um precursor de glutationa (GSH), um das
principais enzimas antioxidantes, que pode neutralizar o
ruido®® e aumenta a producdo de GSH.“ Alguns estudos
mostraram efeito positivo no uso de NAC na perda audi-
tiva permanente.?’*° O estudo de Lin et al. (2010)*' mostrou
que a administracao oral de NAC de 1.200 mg/dia durante
14 dias reduziu a perda auditiva temporaria ocasionada
de ruido induzido nas frequéncias de 3, 4 e 6 kHz. O
Ginseng apresenta importantes propriedades antioxidantes
e antiapoptoticas e consequentemente pode desempenhar
importante funcao na PAIR.*

O fato de o agente antioxidante ter retardado a pioria do
limiar auditivo na frequéncia especifica de 4 kHz pode ter
sido determinado devido a esse grupo especifico de células
ser o mais ativado durante a exposicdo a ruidos intensos. Tal
ativacao acontece pela acao de trés mecanismos principais:
1) Ressonancia do conduto auditivo externo, que ocorre,
em média, na frequéncia de 3,8 kHz e do pavilhdo auditivo
em torno de 5 kHz; 2) Transmissao energética nao linear na
orelha média, sobretudo na membrana timpanica, mais efi-
ciente nas frequéncias de 1-5,5 kHz; 3) Reflexo acUstico s6
atenua sons intensos que tém frequéncias abaixo de 2 kHz,
€ mais eficiente abaixo de 1 kHz;*> além da possibilidade
de existirem outros mecanismos fisiolégicos desconhecidos
na coclea e na via auditiva. Assim, uma maior ativacao
dessa regiao resultaria no aumento do metabolismo celu-
lar e consequentemente poderia ser mais bem beneficiada
pelos antioxidantes presentes no Ginseng.

O uso do ginseng atenuou o estresse oxidativo indu-
zido pelo perdxido de hidrogénio e a apoptose em células
de neuroblastoma humano, porém apenas estudos em ani-
mais foram conduzidos para observar o efeito do ginseng
na PAIRZ>* (Doosti et al., 2014b; Cheng et al., 2005). E
sugestivo como efetivo na prevencao de danos auditivos
em pacientes expostos a ruidos intensos, embora ndo haja
ensaios clinicos randomizados para testar a intervencao do
ginseng na PAIR®* (Choung et al., 2011; Doosti et al.,
2014b).

Diante dos resultados encontrados, sugere-se que os
antioxidantes possam apresentar efeitos otoprotetores ao
reduzir os efeitos danosos das espécies reativas de oxigénio
na coclea e, consequentemente, na perda auditiva sensori-
oneural.
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Conclusao

O ginseng foi o antioxidante que evitou a pioria do limiar
auditivo na frequéncia de 4 kHz, mas ndo em 6 kHz, em
pacientes com perda auditiva sensorioneural causada por
exposicao a elevados niveis de pressao sonora. Nao foi
observada melhoria nos limiares com a suplementacao com
Vitamina E.

Conflitos de interesse

Os autores declaram nao haver conflitos de interesse.

Apéndice. Material adicional

Pode-se consultar o material adicional para este artigo na
sua versao eletronica disponivel em doi:10.1016/j.bjorlp.
2017.10.008.

Referéncias

. Moher D,

. Cavalcante JMS, Isaac ML. Analysis of otoacoustic emissions

in neonates at term and preterm. Braz J Otorhinolaryngol.
2013;79:582-8.

. Fernandes JC, Nozaw MR. Estudo da efetividade de um pro-

grama de triagem auditiva neonatal universal. Ciénc Salde
Coletiva. 2010;15:353-61.

. Camara MFS, Azevedo MF, Lima JWO, Sartorato EL. Efeito de

farmacos ototdxicos na audigao de recém-nascidos de alto risco.
Rev Soc Bras Fonoaudiol. 2010;15:376-82.

. Orts AM, Morant VA, Garcia CJ, Ferrer BF, Martinez BMP, Marco

AJ. Monitorizacion de la ototoxicidad por farmacos con produc-
tos de distorsion. Acta Otorrinolaring Esp. 2000;5:387-95.

. Medeiros AM, Assuncao AA, Santos JN. Perda auditiva em

trabalhadores do transporte urbano na Regiao Metropolitana
de Belo Horizonte, Minas Gerais, Brasil. Cad Salde Publica.
2015;31:1953-63.

. Assuiti LFC, Lanzoni GMM, Santos FC, Erdmann AL, Meirelles

BHS. Perda auditiva em pessoas com HIV/Aids e fatores rela-
cionados: uma revisao integrativa. Braz J Otorhinolaryngol.
2013;19:248-55.

. Lloyd LL, Kaplan H. Audiometric interpretation: a manual o

basic audiometry. Baltimore: University Park Press; 1978. p.
16-7.

. Silman S, Silverman CA. Basic audiologic testing. In: Silman S,

Silverman CA, editors. Auditory diagnosis: principles and appli-
cations. San Diego: Singular Publishing Group; 1997. p. 44-52.

. Oliveira CS, Santiago DB, Valente JSP, Borja ALVF, Bernardi APA.

Prevaléncia dos indicadores de risco para perda auditiva nos
resultados ‘‘falha’’ da triagem auditiva neonatal. Rev CEFAC.
2015;17:827-35.

. Bianchi MLP, Antunes LMG. Radicais livres e os principais antio-

xidantes da dieta. Rev Nutr. 1999;12:123-30.

. Stavric B. Antimutagens and anticarcinogens in foods. Food

Chem Toxicol. 1994;32:79-90.

. Fotsis T, Pepper MS, Atkas E, Breit S, Rasku S, Adlercreutz H,

et al. Flavonoids, dietary-derived inhibitors of cell proliferation
and in vitro angiogenesis. Cancer Res. 1997;57:2916-21.

. Pool-zobeL BL, Bub A, Miiller H, Wollowski I, Rechkemmer G.

Consumption of vegetables reduces genetic damage in humans:
first results of a human intervention trial with carotenoid-rich
foods. Carcinogenesis. 1997;18:1847-50.

Liberati A, Tetzlaff J, Altman DG, PRISMA
Group. Preferred reporting items for systematic reviews

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

and meta-analyses: the PRISMA statement. Ann Intern Med.
2009;151:264-9.

. Sterne JAC, Egger M, Moher D. Addressing reporting biases. In:

Higgins JPT, Green S, editors. Cochrane handbook for systematic
reviews of interventions version 5.1.0. 2011.

. Robinson KA, Dickersin K. Development of a highly sensitive

search strategy for the retrieval of reports of controlled trials
using PubMed. Int J Epidemiol. 2002;31:150-3.

. Higgins JPT, Deeks JJ. Selecting studies and collecting data. In:

Higgins JPT, Green S, editors. Cochrane handbook for systematic
reviews of interventions version 5.1.0. 2011.

. Higgins JPT, Altman DG, Sterne JAC. Assessing risk of bias in

included studies. In: Higgins JPT, Green S, editors. Cochrane
handbook for systematic reviews of interventions version 5.1.0.
2011.

. Kaya H, Koc AK, Sayin i, Giines S, Altintas A, Yegin Y, et al.

C, and E and selenium in the treatment of idiopathic sud-
den sensorineural hearing loss. Eur Arch Otorhinolaryngol.
2015;272:119-25.

Schmitz J Jr, West KP, Khatry SK, Wu L, LeClerg SC, Karna
SL, et al. Vitamin A supplementation in preschool children
and risk of hearing loss as adolescents and young adults in
rural Nepal: randomised trial cohort follow-up study. BMJ.
2012:344.

Gilles A, lhtijarevic B, Wouters K, Van de Heyning P. Using
prophylactic antioxidants to prevent noise-induced hearing
damage in young adults: a protocol for a double-blind, rando-
mized controlled trial. Trials. 2014;15:110.

Quaranta N, Dicorato A, Matera V, D’Elia A, Quaranta A.
The effect of alpha-lipoic acid on temporary threshold shift
in humans: a preliminary study. Acta Otorhinolaryngol lItal.
2012;32:380-5.

Reisser C, Weidaue H. Ginkgo biloba Extract EGb 761° or Pento-
xifylline for the treatment of sudden deafness: a randomized,
reference-controlled, double-blind study. Acta Otolaryngol.
2001;121:579-84.

Doosti A, Lofti Y, Moosavi A, Bakhshi E, Talasaz AH. Distortion
product otoacoustic emission (DPOAE) as an appropriate tool
in assessment of otoprotective effects of antioxidants in noise-
-induced hearing loss (NIHL). Indian J Otolaryngol Head Neck
Surg. 2014;66:325-9.

Doosti A, Lofti Y, Moosavi A, Bakhshi E, Talasaz AH, Hoozard A.
Comparison of the effects of N-acetyl-cysteine and ginseng in
prevention of noise induced hearing loss in male textile workers.
Noise Health. 2014;16:223-7.

Polanski JF, Cruz OL. Evaluation of antioxidant treatment in
presbyacusis: prospective, placebo-controlled, double-blind,
randomised trial. J Laryngol Otol. 2013;127:134-41.

Joachims HZ, Segal J, Golz A, Netzer A, Goldenberg D. Anti-
oxidants in treatment of idiopathic sudden hearing loss. Otol
Neurotol. 2003;24:572-5.

Kharkeli E, Kevanishvili Z, Maglakelidze T, Davitashvili O, Scha-
cht J. Does Vitamin E prevent gentamicin-induced ototoxicity?
Georgian Med News. 2007:14-7.

Hawkins JE Jr, Johnsson LG, Stebbins WC, Moody DB, Coombs
SL. Hearing loss and cochlear pathology in monkeys after noise
exposure. Acta Otolaryngol. 1976;81:337-43.

Mulroy MJ, Henry WR, McNeil PL. Noise-induced transient micro-
lesions in the cell membranes of auditory hair cells. Hear Res.
1998;115:93-100.

Lim DJ, Melnick W. Acoustic damage of the cochlea. A scan-
ning and transmission electron microscopic observation. Arch
Otolaryngol. 1971;94:294-305.

Lim DJ, Dunn DE. Anatomic correlates of noise induced hearing
loss. Otolaryngol Clin North Am. 1979;12:493-513.

Henderson D, Bielefeld EC, Harris KC, Hu BH. The role
of oxidative stress in noise-induced hearing loss. Ear Hear.
2006;27:1-19.


http://dx.doi.org/10.1016/j.bjorlp.2017.10.008
http://dx.doi.org/10.1016/j.bjorlp.2017.10.008
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0225
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0230
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0235
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0240
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0245
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0250
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0255
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0260
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0265
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0270
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0275
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0280
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0285
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0290
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0295
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0300
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0305
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0310
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0315
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0320
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0325
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0330
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0335
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0340
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0345
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0350
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0355
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0360
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0365
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0370
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0375
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0380
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0385

380

Souza ME et al.

34.

35.

36.

37.

38.

39.

Clark WW. Recent studies of temporary threshold shift (TTS) and
permanent threshold shift (PTS) in animals. J Acoust Soc Am.
1991;90:155-63.

Ames BN, Shigenaga MK, Hagen TM. Oxidants, antioxidants and
the degenerative disease of aging. Proc Natl Acad Sci U S A.
1993;90:7915-22.

Fujimoto C, Yamasoba T. Oxidative stresses and mitochondrial
dysfunction in age-related hearing loss. Oxid Med Cell Longev.
2014:1-6.

Ohinata Y, Miller JM, Schacht J. Protection from noise-induced
lipid peroxidation and hair cell loss in the cochlea. Brain Res.
2003;966:265-73.

Bielefeld EC, Tanaka C, Chen GD, Handerson D. Age-related
hearing loss: is it a preventable condition? Hear Res.
2010;264:98-107.

Kopke RD, Jackson RL, Coleman JK, Liu J, Bielefeld EC, Balough
BJ. NAC for noise: from the bench top to the clinic. Hear Res.
2007;226:114-25.

40.

41.

42.

43.

Meister A. Glutathione deficiency produced by inhibition of its
synthesis, and its reversal; applications in research and therapy.
Pharmacol Ther. 1991;51:155-94.

Lin CY, Wu JL, Shih TS, Tsai PJ, Sun YM, Ma MC, et al. N-
-Acetylcysteine against noise-induced temporary threshold shift
in male workers. Hear Res. 2010;269:42.

Zemlin WR. Principios de anatomia e fisiologia em fonoaudiolo-
gia. 4th ed. Porto Alegre: Artmed; 2000.

Cheng Y, Shen LH, Zhang JT. Anti-amnestic and anti-aging
effects of ginsenoside Rg1 and Rb1 and its mechanism of action.
Acta Pharmacol Sin. 2005;26:143-9.

. Choung YH, Kim SW, Tian C, Min JY, Lee HK, Park SN, et al.

Korean red ginseng prevents gentamicin-induced hearing loss in
rats. Laryngoscope. 2011;121:1294-302.


http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0390
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0395
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0400
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0405
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0410
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0415
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0420
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0425
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0430
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0435
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440
http://refhub.elsevier.com/S2530-0539(17)30295-X/sbref0440

	Effect of antioxidant supplementation on the auditory threshold in sensorineural hearing loss: a meta‐analysis
	Introdução
	Método
	Estratégia de busca
	Critérios de elegibilidade
	Extração dos dados
	Avaliação do risco de viés
	Análise dos dados

	Resultados
	Estudos incluídos
	Avaliação do risco de viés
	Análise de dados

	Discussão
	Conclusão
	Conflitos de interesse
	Apêndice Material adicional
	Referências


