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RESUMO

Prebioéticos melhoram os indicadores de osteoporose em modelo pré-clinico:
revisao sistematica com meta-analise

Introducgao: A osteoporose é a doenca metabdlica do tecido dsseo, caracterizada
pela perda gradual de massa Ossea e deterioragdo da microarquitetura do tecido
0sseo em humanos, tendo como consequéncia a fragilidade déssea e risco de
fraturas. O comprometimento ésseo acarreta aumento de custo na carga econémica
nos sistemas de saude com consultas médicas, hospitalizagcdes e colocacdes em
lares de idosos relacionados a fraturas osteoporéticas, sendo considerado um grave
problema de saude publica. Objetivo: Esta revisdo sistematica com meta-analise
examinou ensaios pré-clinicos para elucidar os efeitos dos alimentos prebidticos na
osteoporose induzida em ratas ovariectomizadas. Material e métodos: Os dados e
artigos em inglés utilizados na meta-analise foram obtidos através de buscas nos
bancos eletrénicos de dados cientificos disponiveis na internet: “Pub Med”,
“ScienceDirect”, “Scielo” , “LILACS”, “Cochrane” e “Bireme” publicados antes de
novembro de 2018. Encontrado 813 artigos completos, resumos ou capitulos de
livros que citavam as palavras chaves utilizadas na pesquisa bibliografica, apés
triagem de titulos e resumos, seis estudos atendiam os critérios de inclusdo. Ao todo
foram utilizados 116 animais, divididos randomicamente entre grupos controle e
tratamento. Foram selecionados trabalhos completos de ensaios experimentais e
que atendiam os seguintes critérios: (i) Populagdo: murinos (ratas/camundongos)
ovariectomizadas; (ii) Intervencdo: suplementagdo na dieta com prebioticos; (iii)
Controle: avaliacédo dos efeitos nos grupos suplementados e nao suplementados; (iv)
Desfechos: avaliacdo de parametros indicadores de osteoporose. Usamos o
software Review Mananger 5 para a realizagédo dos calculos da meta-analise e
avaliacdo do risco de viés. Resultados: Os dados da densidade mineral éssea
(DMO), conteudo mineral 6sseo (CMO) e biomecanica 6ssea dos seis estudos
incluidos demonstraram que os prebidticos sdo capazes de melhorar
significativamente estes parametros nos animais estudados.

Conclusao: Esta meta-analise forneceu evidéncias de que a atividade prebidtica
esta envolvida nos mecanismos anti-osteoporéticos e sugere que novos estudos em
humanos devam ser realizados usando prebidticos como uma alternativa terapéutica
ou terapia complementar aos tratamentos convencionais da osteoporose pos-
menopausa em humanos.

Palavras-chave: Densidade Mineral Ossea; Contetido Mineral Osseo; Biomecanica
o0ssea; Ratas ovariectomizadas; e Alimentos funcionais



ABSTRACT

Prebiotics improve osteoporosis indicators in preclinical model: systematic
review with meta-analysis

Introduction: Osteoporosis is a metabolic disease of bone tissue, characterized by
the gradual loss of bone mass and the microarchitectural deterioration of bone tissue
in men, resulting in bone fragility and a risk of fractures. Bone impairment leads to an
increase in the cost of health services with medical consultations, hospitalizations
and hopices related to osteoporotic fractures, being a serious public health problem.
Objective: This systematic review with meta-analysis aimed to elucidate the effects
of prebiotics on induced osteoporosis in ovariectomized rats. Material and methods:
The data and methods used in the statistical analysis were obtained through
searches in the scientific databases available on the Internet: "Pub Med",
"ScienceDirect", "SciELO", "LILACS", "Cochrane" and "bireme "2018 before. found
813 complete articles, abstracts or book chapters that cited the key words in the
bibliographic research, after screening of titles and abstracts, six studies met the
inclusion criteria, in total 116 animals were used, divided randomly between control
groups and treatment. The following experimental works were selected: (i)
Population: murine (rats / mice) ovariectomized; (ii) Intervention: dietary
supplementation with prebiotics; (iii) Control: dosage of supplements and not
supplemented; (iv) Outcomes: evaluation of osteoporosis indicators. We used the
Risk Analysis software 5 to measure the meta-analysis calculations and bias risk
assessment. Results: Bone mineral density (BMD), bone mineral content (BMD) and
bone biomechanical data from the six included studies demonstrated that serum
levels are able to register from them. Conclusion: This meta-analysis provided
evidence that prebiotic activity is involved in anti-osteoporotic mechanisms and
suggests that further studies in humans should be performed using prebiotics as a
therapeutic alternative or therapy complementary to conventional postmenopausal
osteoporosis treatments in humans.

Keywords: Bone Mineral Density; Bone Mineral Content; Bone biomechanics;
Ovariectomized rats; and Functional Food.
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Prebioticos Melhoram os Indicadores de Osteoporose em Modelo Pré-Clinico:

Revisao Sistematica com Meta-analise

Jodo Alberto Artoni de Carvalho'; Leticia Rocha Magalhdes'; Laryssa Mayara Polastri';

Ingrid Eloise Trobine Batistal; Marcos Natal Ruﬁnol; Hermann Bremer-Neto'

Esta revisao sistematica com meta-analise examinou ensaios pré-clinicos para elucidar
os efeitos dos alimentos prebidticos na osteoporose induzida em ratas ovariectomizadas.
Os dados e artigos utilizados na meta-analise foram obtidos por meio de buscas nos
bancos eletronicos de dados cientificos disponiveis na internet e publicados antes de
novembro de 2018. Encontramos 813 artigos completos, resumos ou capitulos de livros
que citavam as palavras chaves utilizadas na pesquisa bibliografica, apds triagem de
titulos e resumos, seis estudos atendiam os critérios de inclusdo, ao todo foram
utilizados 116 animais, divididos randomicamente entre grupos controle e tratamento.
Foram selecionados trabalhos completos de ensaios experimentais € que atendiam os
seguintes critérios: (i) Populagdo: murinos (ratas/camundongos) ovariectomizadas; (i)
Intervencdo: suplementacdo na dieta com prebidticos; (iii) Controle: avaliagdo dos
efeitos nos grupos suplementados e niao suplementados; (iv) Desfechos: avaliacdo de
parametros indicadores de osteoporose. Nesta meta-analise, os dados da densidade
mineral 6ssea (DMO), contetido mineral 6sseo (CMO) e biomecanica 6ssea dos estudos
incluidos, demonstraram que os prebidticos sdo capazes de melhorar significativamente
estes parametros nos animais estudados. Em conclusdo, essa meta-analise forneceu
evidéncias de que a atividade prebidtica esta envolvida nos mecanismos anti-
osteoporoticos e sugere que novos estudos em humanos devam ser realizados usando
prebidticos como uma alternativa terapéutica ou terapia complementar aos tratamentos

convencionais da osteoporose pés-menopausa em humanos.

Palavras-chave: Densidade mineral o0ssea, Conteido mineral 6sseo, Biomecanica

ossea, Ratas ovariectomizadas, Alimento funcional.

1Departamento de Ciéncias Funcionais, Faculdade de medicina, Universidade do Oeste Paulista, Rua:
José Bongiovani, 700, Cidade Universitaria, Presidente Prudente, Brazil, CEP: 19050-920. Tel.: +55 18
3229 1181. Correspondente: Hermann Bremer Neto (hermann@unoeste.br)
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INTRODUCAO

A Organizacdo Mundial de Saude (OMS) define osteoporose como uma doenga
esquelética sistémica com diminui¢do da massa Ossea e deterioracdo microarquitetural
do tecido dsseo, tendo como consequéncia a fragilidade 6ssea e o risco de fratura,
considerada um grave problema de saude publica. Estima-se que atualmente mais de
200 milhoes de pessoas no mundo sofram desta enfermidade, (WRIGHT et al., 2014)
sendo mais comum em caucasianos, mulheres e pessoas idosas.

Essa doenga cronica silenciosa permanece nao diagnosticada até se manifestar como
fraturas, dor, problemas de satde secundarios e até a morte. (SOZEN; OZISIK; CALIK
BASARAN, 2017) O diagnostico de osteoporose ¢ determinado principalmente pela
baixa densidade mineral 6ssea (DMO), redugcdo do contetido mineral 6sseo (CMO) e
comprometimento da microarquitetura / mineralizagdo assim como a diminuicao da
resisténcia Ossea. O comprometimento Osseo relacionados a fraturas osteoporoticas
acarreta o aumento nas consultas médicas, hospitalizagdes e colocagdes em lares de
idosos e que contribuirio para uma maior carga econdmica nos sistemas de saude. *

Nos ultimos anos, os principais avangos terapéuticos em humanos no tratamento da
osteoporose foram feitos na medida em que os cientistas obtinham uma maior
compreensdo da morfologia 6ssea e dos mecanismos subjacentes que causam a doenga.
(TU et al., 2018) Ratas ovariectomizadas tém sido utilizadas como modelo experimental
para osteoporose ¢ demonstraram que alimentos funcionais com atividade prebiodtica,
isoladamente ou associados a fito-hormonios, estdo envolvidos em mecanismos
benéficos anti-osteoporoticos e possivel potencial para o tratamento da osteoporose pds-
menopausa. (DEVAREDDY et al., 2006; LEGETTE et al., 2011, 2012; MATHEY et
al., 2004; MCCABE; BRITTON; PARAMESWARAN, 2015; TOUSEN et al., 2016;
YANG et al., 2013)

Esta revisdo sistematica com meta-andlise examinou ensaios pré-clinicos para
elucidar os efeitos dos alimentos prebidticos na osteoporose induzida em ratas
ovariectomizadas e, assim, encorajar ensaios clinicos randomizados para avaliar a

eficdcia dos prebidticos na melhora dos indicadores da osteoporose em humanos.

MATERIAL E METODOS
Esta meta-analise foi conduzida de acordo com as recomendag¢des do Cochrane
Handbook for Systematic Reviews of Interventions, (HIGGINS; GREEN, 2011)

porém, o protocolo seguido ndo foi registrado. Para o relato, seguimos as diretrizes
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descritas na Preferred Reporting Items for Systematic Reviews and Meta-analyses: The

PRISMA statement. (MOHER et al., 2015; SHAMSEER et al., 2015)

Estratégia de Pesquisa

Os dados e artigos utilizados na meta-analise foram obtidos durante o més de novembro
de 2017. Foram realizadas buscas nos bancos eletronicos de dados cientificos
disponiveis na internet: “Pub Med”, “ScienceDirect”, “Scielo”, “LILACS”, “Cochrane”
e “Bireme”. As palavras chaves pesquisadas foram “Osteoporose” e “Prebiodticos”,
usadas em conjunto. Para tornar as buscas mais abrangentes, os trabalhos de interesse
foram buscados sem restricdes de datas de publicacdo, e as palavras chaves foram
escritas nos idiomas portugués e inglé€s. Nesta fase, todos os resultados obtidos foram
analisados sem restricao de idioma de publicacdo e categoria de trabalhos publicados,
incluindo-se artigos completos, resumos e capitulos de livro. A estratégia de busca foi

repetida no més de novembro de 2018.

Critérios de Inclusao e Exclusao para Selecdo de estudos

Os trabalhos foram preliminarmente selecionados a partir dos titulos e resumos. Os
trabalhos elegiveis foram analisados de maneira independente por dois pesquisadores do
grupo (Carvalho, J. A. A. e Batista, 1. E. T.) e em caso de discordancia um terceiro autor
foi consultado. Registros duplicados e trabalhos que ndo eram relevantes para se
alcangar os objetivos propostos para esta meta-andlise foram removidos. Foram
selecionados trabalhos completos de ensaios experimentais e que atendiam os seguintes
critérios: (i) Populagdo: murinos (ratas/camundongos) ovariectomizadas; (ii)
Intervencao: suplementacdo na dieta com prebioticos; (iii) Controle: avaliacdo dos
efeitos nos grupos suplementados e ndo suplementados; (iv) Desfechos: avaliagao de
parametros indicadores de osteoporose.

Para avaliagdo dos estudos selecionados, utilizamos as determina¢des do Protocolo
CONSORT. (SCHULZ; ALTMAN; MOHER, 2010) Foram incluidos estudos com
pontuagdo >5 (pontuagdo maxima 7), conforme descrito no Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0. (HIGGINS; GREEN, 2011) Foram
excluidos capitulos de livros, resumos, ensaios clinicos com pacientes humanos, estudos
pilotos, artigos de revisdo, ensaios clinicos em animais e estudos que ndo contemplaram

parametros relevantes para o objetivo desta meta-analise.
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Extragdo de dados
Foi elaborada uma planilha com dados de cada estudo selecionado na etapa anterior:
autor(s)/ano de publicacdo, prebiotico utilizado, tempo de duragao do experimento,

espécie e numero de animais utilizados e parametros analisados.

Parametros de Interesse

Definimos a Densidade Mineral Ossea (DMO), a Concentragio Mineral Ossea (CMO) e
a Avaliacio da Resisténcia Ossea através do Teste de Flexdo de Trés Pontos como
parametros de relevancia primaria para os objetivos desta meta-analise.

O peso do intestino, dosagem de osteocalcina, dosagem de deoxipiridinolina
plasmatica (DPD), avaliagao da estrutura 6ssea por Micro CT, dosagem do Calcio (Ca),
dosagem do Magnésio (Mg), a formacgao de acidos graxos de cadeia curta (AGCC), a
mudan¢a da microbiota e dosagem de [-glicosidase foram classificados como
parametros secundarios de avaliagdo, e foram considerados para este estudo quando os

resultados destes parametros foram expressos de forma numérica e discutidos.

Avaliacdo do risco de viés

A avaliagdo do risco de viés foi realizada utilizando o software Review Mananger 5
(RevMan 5) A classificagdo dos estudos foi feita por dois autores (Carvalho, J. A. A. e
Batista, I. E. T.), que analisaram os seguintes riscos de viés: viés de selecdo dos
animais, viés de alocac¢do, viés de desempenho (cegamento do pessoal envolvido no
tratamento dos animais), viés de deteccdo dos resultados (cegamento dos avaliadores) e
viés de publicacdo. Os riscos de viés foram classificados em alto ou baixo, e ainda risco

indefinido, quando a avaliagdo do nivel do risco deixava duvidas.

Analises Estatisticas

Usamos o software RevMan 5 para a realizacdo dos célculos da meta-analise. Para a
analise do inverso da variancia utilizamos as médias e desvios padrdes dos resultados de
cada estudo para comparar os dados encontrados. A heterogeneidade foi calculada
usando o teste do Q* e I?, a significAncia foi definida em p<0,10 ou I>>50%. Foram
analisados os efeitos fixos dos tratamentos, porem quando observamos heterogeneidade
significativa entre os estudos, analisamos os efeitos randomicos. Os valores da DMO
foram padronizados usando o método de ajuste de Hedges e foi implementado pelo

RevMan. O valor de P<0,05 foi adotado como estatisticamente significativo.
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RESULTADOS

Encontramos 813 artigos completos, resumos ou capitulos de livros que citavam as
palavras chaves utilizadas na pesquisa bibliografica. Destes, apos triagem de titulos e
resumos, 23 estudos foram potencialmente elegidos para avaliagdo posterior.
(BRITTON et al.,, 2014; CHIANG; LIAO; PAN, 2012; CHIANG; PAN, 2011;
CHONAN; MATSUMOTO; WATANUKI, 1995; DEVAREDDY et al., 2006;
ERFANIAN; RASTI; MANAP, 2017; HOOSHMAND; JUMA; ARIMANDI, 2010;
LEGETTE et al., 2011, 2012; LI et al., 2013; LU et al., 2008; MATHEY et al., 2004,
2007; MATSUBARA et al., 2010; MCCABE et al., 2013; PARVANEH et al., 2015;
POULSEN et al., 2009; RODRIGUES et al., 2012; SHIM et al., 2013; TOUSEN et al.,
2016; VELASCO et al., 2011; YANG et al., 2013; ZHANG et al., 2015) Ao final, seis
estudos experimentais atendiam os critérios de inclusdo, conforme representado no

fluxograma da declaragdo PRISMA (Fig. 1).
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Total de trabalhos
identificadas
potencialmente
elegiveis: 813

Trabalhos

¥ excluidos apds
Titulos analise de titulos:
analisados: 813 770

1 ]
Trabalhos com .
. Revisdes
titulos & resumos S

, excluidas: 20

analisados: 43

Trabalhos excluidas: 16

Li Nao contemplaram os

Artigos completos parametros de interesse ou
patencialmente .| naousaram prebidticos como
elegiveis: 23 intervencao.

¥

Estudos incluidos
na meta-analise:
(]

Fig. 1 Diagrama de fluxo PRISMA mostrando o processo de selecao de literatura,

selecdo de estudos e motivos de exclusao.

Caracteristicas dos estudos incluidos

Os seis trabalhos selecionados estudaram os efeitos da suplementagao com diferentes
prebidticos: Frutoligossacarideos de cadeia curta (SC-FOS), (MATHEY et al., 2004)
Frutoligossacarideos, (DEVAREDDY et al., 2006) Synergy®, (LEGETTE et al., 2011)
Synergyl®; Polydextrose; Fruitafit HD® ,(LEGETTE et al., 2012) Standardised
Aqueous Extract of Anoectochilus formosanus (SAEAF); Inulina, (YANG et al., 2013)
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Amido Resistente. (TOUSEN et al., 2016) As doses utilizadas e a composi¢do de cada
prebidtico sdo apresentadas na Tabela 1.

A Tabela 1 também demonstra que Legette et al (2012) incluiu no mesmo trabalho
comparagdes entre o grupo controle e grupos suplementados por trés prebioticos
diferentes (Synergyl®™; Polydextrose; Fruitafit HD®), e que Yang et al (2013) incluiu
trés grupos de tratamentos que receberam os prebidticos SAEAF em duas dosagens
diferentes (200 ou 400 mg/Kg de ragdo/dia) e Inulina, respectivamente, para as
comparagdes com o grupo controle. Todas as analises foram consideradas para esta
meta-analise.

Dentre os estudos selecionados, Mathey et al (2004) avaliou a DMO e biomecanica
(Flexao de Trés Pontos), Tousen et al (2016) avaliou a DMO, e os demais [Devareddy
et al (2006), Legette et al (2011), Legette et al (2012) e Yang et al (2013)] descreveram
os resultados da avaliagdo da DMO, CMO e biomecanica (Tabela 2).

Todas as avaliagdes foram realizadas em ratas ovariectomizadas suplementadas ou
nao com prebidticos. Ao todo foram utilizados 116 animais, divididos randomicamente
entre grupos controle e tratamento. Os estudos foram realizados na América do Norte,
Europa e Asia, entre os anos de 2004 e 2016 e tiveram duracdo entre 30 e 90 dias. O

resumo das caracteristicas dos trabalhos selecionados esta descrito na Tabela 3.
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Autor/Ano de Publicacao Prebidtico Dose Composic¢ao
Frutoligossacarideos de cadeia curta . SC-FOS, 95 £ 2% FOS e 5 + 2% de
Mathey et al. (2004) (SC-FOS) 2,250g/dia glicose, frutose e sacarose
Devareddy et al. (2006) Frutoligossacarideos (FOS) 1,500g/dia Frutoligosscarideos 5%
Legette et al. (2011) Synergy® 1,500g/dia Inulina + Oligofrutose
. Mistura aproximada de 50:50 de
Legette et al. (2012) Synergy 1® 1,500g/dia FOS de cadeia curta e longa
Legette et al. (2012) Polydextrose 1,500g/dia Polimeros nao digeriveis de glicose
Legette et al. (2012) Fruitafit HD® 1,500g/dia Inulina 98% + 2% Oligossacarideos
Standardised Aqueous Extract of . Standardised Aqueous Extract of
Yang et al. (2013) Anoectochilus formosanus (SAEAF) 0,006g/dia Anoectochilus formosanus
Standardised Aqueous Extract of . Standardised Aqueous Extract of
Yang etal. (2013) Anoectochilus formosanus (SAEAF) 0,012g/dia Anoectochilus formosanus
Yang et al. (2013) Inulina 0,012g/dia Inulina
Tousen et al. (2016) Amido Resistente 4,500g/dia Amido resistente
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Tabela 2 Trabalhos incluidos e pardmetros primarios

Autor/ano DMO CMO Biomecanica

Mathey et al. (2004)
Devareddy et al. (2006)
Legette et al. (2011)

Legette et al. (2012)

o T T A

Yang et al. (2013)

XX X ) X X
XX X X

Tousen et al. (2016)

Resultado da eficacia da suplementacao com prebiodticos sobre os parametros primarios

Os resultados dos parametros primarios eleitos para serem analisados nesta meta-analise (DMO,
CMO e Teste de Flex@o de Trés Pontos) foram expressos com clareza, de tal forma que permitiram
extrair com seguranga os valores para serem meta-analisados, porém os parametros CMO e Teste de
Flexao de Trés Pontos ndo foram avaliados em todos os estudos incluidos na meta-analise. (Tabela
2).

A meta-analise dos resultados da DMO demonstra que os prebiodticos sdo capazes de melhorar
este parametro significativamente (P<0,05), quando comparado aos grupos controle, apesar de,
individualmente os resultados de Legette et al. (2011) usando Synergy®, e de Yang et al. (2013)
usando SAEAF em duas dosagens diferentes (200 ou 400 mg/Kg de ragdo/dia) ndo revelaram

diferenca significativa (P<0,05) quando comparados com os grupos controle (Figura 2).
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Tabela 3 Caracteristicas dos estudos incluidos na meta-analise

Autor (s)/ ano de
publicagao

N° de ratos

por grupo

Parametros analisados*

Mathey et al. (2004)

Devareddy et al. (2006)

Legette et al. (2011)

Legette et al. (2012)

Yang et al. (2013)

Tousen et al. (2016)

Prebiotico utilizado Dur.a(;ao
experimento
Frutoligossacarideos de cadeia .
curta (SC-FOS) 90 dias
Frutoligosscarideos 90 dias
Synergy®. 2 meses
Synergy1®; Polydextrose;
Fruitafit HD®. 12 semanas
Standardised Aqueous Extract
of A. formosanus (SAEAF); 12 semanas
Inulina.
Amido Resistente 42 dias

13

16

Densidade Mineral ()sseo; Teste de Flexao
de trés Pontos; Fitoestrogenos (Genisteina,
Daidzeina e Equol); Osteocalcina;
Deoxipiridinolina.

Densidade Mineral ()ssea; Conteudo
Mineral Osseo; Teste de Flexao de Trés
Pontos; Peso Corporeo e do Intestino; Micro
CT.

Densidade Mineral ()ssea; Conteudo
Mineral ()sseo; Teste de Flexao de trés
Pontos; Peso corporeo e do ceco; Micro CT;
Calcio; Colesterol total e fragdes; AGCC.

Densidade Mineral Ossea; Contetido
Mineral ()sseo; Teste de Flexdo de trés
Pontos; Peso corporeo e do ceco; Micro CT;
Calcio; Magnésio; AGCC.

Densidade Mineral Ossea; Contetido
Mineral Osseo; Teste de Flexdo de trés
Pontos; Osteocalcina; Micro CT; Calcio;

AGCC; Microbiota.

Densidade Mineral Ossea; Peso corporeo e
do ceco; Fitoestrogenos (Genisteina,
Daidzeina e Equol); Micro CT; AGCC;
Microbiota; B-glicosidase.

*QOs parametros escritos em negrito foram considerados primarios.

18
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ovX OVX + Prebiotics Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean S0 Total Weight V. Random, 95% Cl Year IV, Random, 95% CI ABCDEFG
Mathey, 2004 0218 0006 8 0228 0.004 g 88% -0.01[-0.01,-0.01) 2004 — [ITITTT]
Devareddy, 2006 0154 0002 13 01613 0002 13 129% -0.01 FO.01,-0.01] 2006 - - @
Legette, 2011 146 003 16 147 001 16 22%  -0.01 [0.03,001) 2011 @ ——————T— B
Legette, 2012 * 0171 0001 16 0173 0001 16 134% -0.00 F0.00,-0.00 2012 . )
Legette, 2012 = 0171 0001 16 0173 0001 16 134% -0.00 0.00,-0.00) 2012 . ®
Legefte, 2012 =% D471 0001 16 0174 0001 16 134% -0.00[-0.00,-0.00] 2012 - @
Yang, 2013 # 0097 0.001 8 0128 0006 & 98% -0.03[0.04,-0.03 2013 + Gaeeses
Yang, 2013 § # 0,087 0,001 8 0104 0011 % 60% -001[0.01,000 2013 —_— FReaeEw
Yang, 2003 4 # # 0.037 0.001 8 0122 0M 8 E67% -0.02F0.03,-007) 2013 +— Aeeesen
Tousen, 2016 00437 0001 7 0044045 0001 7 123%  -0.00[-0.00,000 2016 - (I 1 X117
Total (95% CI) 116 116 100.0% 0,01 [0.04, -0.01] &
Heterageneity, Tau®= 0.00; Chi*= 285.17, df= 3 (P = 0.00001); F= 97% 1 —
Testfor overall effect Z= 6.35 (P < 0.00001) O-.','}f' P;",r;_,';?;m wﬂ;m oo

Risk of bias legend

(A) Random sequence generation (selection blas)

(B) Allocation concealment (selection bias)

(C) Blinding of participanis and personnel (pedformance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Fig. 2: Comparagdo da DMO dos grupos Controle (OVX) e Tratamento (OVX +
Prebiodtico). * Synergyl®, ** Polydextrose,*** Fruitafit HD®, * Inulina, ** SAEAF 200
mg/Kg de dieta, ”** SAEAF 400 mg/Kg de dieta.

Para o parametro CMO, a meta-andlise dos resultados dos estudos incluidos
demonstrou que os prebidticos melhoram esta condigcdo significativamente (P<0,05)
quando comparado ao grupo controle. Estudo usando Synergyl® e Fruitafit HD®,
evidenciou que estes prebidticos, nas condi¢cdes experimentais do seu estudo, ndo
diferem significativamente (P>0,05) do grupo controle. Nesse mesmo estudo, a
suplementagdo da Polidestrose demonstrou diminuicdo da CMO, quando comparado
com o grupo controle. Yang et al (2013), utilizando SAEAF na concentra¢do de 200

mg/Kg de dieta ndo observou diferenga significativa.
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ovx OVX + Prebiotics Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD_Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Devareddy, 2006 1094 02 13 1139 02 13 01% -0.45F0.60,-0.30] 2006 +
Legetie, 2011 107 085 16 113 074 16 00% -060[1.15-005 2011 ———
Legetie, 2012 = 934 014 16 938 014 16 0.2% -0.04[-014, 006 2012 I
Legette, 2012 = 334 014 16 92 014 16 02%  0.14[004,024) 2012
Legette, 2012 ®#® 934 014 16 928 014 16 0.2% 006004, 016) 2012 I —
Yang, 2013 # 0.374 0.009 8 0.385 0008 8 31.3% -0.01F002,-000] 2013 1
Yang, 2013 ## 0374 0.009 8 0393 0.005 8 428% -0.02}0.03-001] 2013 L
Yang, 2013 HE# 0,374 0009 g8 0395 001 8 251% -0.02}0.03-001] 2013 -
Total (95% CI) 101 101 100.0% -0.02 [-0.02, -0.01] |
Heterogeneity. Chi*= 50.44, df= 7 (P < 0.00001); F = 86% 02 c;1 5 0?1 U=2
Test for overall effect Z= 7.11 (P = 0.00001) OVX + Prebiotics OV

Risk of bias | n

(A} Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of pariicipants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

{E) Incomplete outcome data (atirition bias)

(F) Selective reporing (reporting bias)

(G) Other bias

Fig. 3 Comparacio da CMO dos grupos Controle (OVX) e Tratamento
(OVX+Prebidtico). * Synergyl®, ** Polydextrose, *** Fruitafit HD®, * Inulina, * *
SAEAF 200 mg/Kg de dieta, “** SAEAF 400 mg/Kg de dieta.

VX OVX + Prebiotics Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SO Total Weight IV, Random, 95% Cl Year IV, Random, 95% C1 ABCDEFG
Mathey, 2004 111.35 586 8 12967 659 8 93% -1832[2443,-12.21] 2004
Devareddy, 2006 80.28 6 13 8523 5 13 10.8% -4.95 [9.20,-0.70] 2006 —
Legette, 2011 162 3 16 170 3 16 123%  -8.00[1008,-592] 201 .
Legette, 2012 = 164 3 18 169 3 16 12.3% -5.00 [-7.08,-2.92] 2012 -
Legetie, 2012 #+ 164 3 16 164 3 16 12.3% 0D00F2.08 208 2012 -+
Legette, 2012 x#* 164 3 18 168 3 16 12.3% -4.00 [-6.08,-192] 2012 -
‘Yang, 2013 # 864 5.00 8 1006 509 8 103% -1420(19.19,-921] 2013 —
‘fang, 2013 # # 864 509 8 1038 509 & 103% -1T40[2239,-1241] 2013 ——
Yang, 2003 #4 # 864 509 8 1023 509 8 103% -1590[2089,-1091] 2013 ~—=—
Total (95% CI) 108 109 100.0%  -9.20 [11278, -5.62) -2
Heterogenelty, Tau®= 26.10; Chi*= 101,34, di= 8 (P < 0.00001); P= 92% -ilﬂ -I}I] 1}0 2IU
Test for overall effect Z= 5.03 (P < 0.00001) OVX + Prebiotics OVX
Risk of bias |

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(DY Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attriion bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Fig. 4 Comparagdo do Teste de Flexdo de Trés Pontos dos grupos Controle (OVX) e
Tratamento (OVX+Prebidtico). * Synergyl®, ** Polydextrose,*** Fruitafit HD®, *
Inulina, “* SAEAF 200 mg/Kg de dieta, “** SAEAF 400 mg/Kg de dieta.

A meta-analise dos resultados dos testes biomecanicos (Flexdo de Trés Pontos)
evidenciou que os prebidticos melhoraram este parametro. Porém, individualmente o

resultado de Legette et al. (2012) usando Synergy 1® nao demonstrou melhora.
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Resultado da eficdcia da suplementacdo com prebidticos sobre os parametros
secundarios

Na tabela 4 demostramos os parametros secundarios alterados, o peso corporeo final
dos ratos foi descrito em trés estudos (DEVAREDDY et al., 2006; LEGETTE et al.,
2012; MATHEY et al., 2004) que nao observaram diferenga significativa (P<0,05) da
média dos resultados dos grupos suplementados com prebidticos e dos grupos controle.
O peso médio do intestino dos animais no final do periodo experimental foi informado
em quatro estudos (LEGETTE et al., 2011, 2012; TOUSEN et al., 2016; YANG et al.,
2013) e mostrou aumento significativo nos grupos de animais tratados com prebioticos.

A concentragdo de osteocalcina sérica foi dosada por dois autores: Mathey et al.
(2004) e Yang et al. (2013) relataram ndo ter sido observada diferenca significativa
entre os grupos prebiodtico e controle.

Dois estudos, Mathey et al. (2004) e Tousen et al. (2016), dosaram a concentragao
plasmatica de fitoestrogenos (ginestein, daidzein e equol) e os resultados revelaram
aumento significativo somente do hormoénio daidzein nos grupos suplementados com
prebidtico. No estudo de Mathey et al. (2004), os autores observaram que no grupo
suplementado com prebidticos a concentragdao plasmatica dos fitoestroégenos aumentou,
porém nao significativamente. O mesmo autor relata também aumento nao significativo
de deoxipiridinolina plasmatica (DPD).

A microarquitetura 0ssea foi analisada por micro CT computadorizada em cinco
estudos, em dois estudos observaram melhora significativa nos grupos suplementados
com prebidticos, quando comparados com os grupos controle (LEGETTE et al., 2011;
YANG et al., 2013), contrastando com os estudos de Devareddy et al. (2006), Legette et
al. (2012) e Tousen et al. (2016). Yang et al. (2013) descreve diferenca significativa
entre os grupos tratados com os prebioticos SAEAF na concentragao de 400 mg/Kg de

dieta e inulina em relacdo aos grupos controle.
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Tabela 4 Tabela com os parametros secundarios avaliados
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Peso

Peso do

Micro

Estudos Corporal  Intestino Osteocalcina  Ginestesin  Didazein Equol DPD CT Ca Mg AGCC Microbiota B-glicosidase
Mathey et al. (2004)) X X X X X X

Devareddy et al. (2006) X X

Legette et al (2011) X X X X

Legette et al (2012) X X X X X X

Yang et al (2013) X X X X X X

Tousen et al (2016) X X X X X X X X
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Os niveis séricos de calcio foram dosados em trés estudos (LEGETTE et al., 2011, 2012;

YANG et al., 2013) e foi relatado aumento significativo somente nos de Legette et al. (2012)
e Yang et al. (2013) somente na concentragdao de 400 mg/Kg de prebiotico SAEAF na dieta. A
concentracdo sérica de magnésio foi dosada somente por Legette et al. (2012) e apresentou
aumento significativo.
Os prebidticos também se mostraram capazes de aumentar significativamente a concentragao
de AGCC (LEGETTE et al., 2011, 2012), modificar beneficamente a composicao da
microbiota intestinal (TOUSEN et al., 2016; YANG et al., 2013) e elevar os niveis de -
glicosidase plasmatico dos animais. (TOUSEN et al., 2016)

DISCUSSAO

A osteoporose primaria estd associada a deficiéncia de hormdnios sexuais e a idade, sendo
consequéncia da deterioracdo continua das trabéculas oOsseas. Em mulheres na pods-
menopausa, o declinio da produgdo de estrogénio provoca significativa perda éssea, elevando
o risco de fraturas. (RAISZ, 2005)

A melhor compreensdo da fisiopatologia da osteoporose levou a um aumento no niimero de
estudos com animais, observagao clinica ou reaproveitamento oportunista de compostos
existentes, evoluindo para o desenvolvimento de diversos medicamentos. Porém, a criagao de
novos tratamentos ndo reduziu a carga de fraturas na populagdo. Isso ocorreu devido o ao
tratamento inadequado realizado pelos pacientes, com receio dos efeitos colaterais e diividas

em relacdo a eficacia em longo prazo dos medicamentos. (KHOSLA; HOFBAUER, 2017)

Estudos experimentais demonstraram que bifosfonatos sdo capazes de promover lesdo
gastrointestinal alta, especialmente no contexto de irritacdo esofagica preexistente a exposi¢ao
diaria repetida e dispepsia. (ARANTES; SILVA; LAZARETTI-CASTRO, 2010) Efeito
colateral de medicamento biologico, anticorpo monoclonal (denosumabe) foi evidenciado,
podendo causar a diminui¢do do nivel de célcio e ndo pode ser prescrito para paciente com
hipocalcemia. (BINELLO et al., 2012) Medicamentos de reposicdo hormonal apresentaram
também efeitos adversos, como a inducao de cancer de mama e uterino. (BERAL et al., 2005)
Com o mesmo intuito, dietas com altas doses de calcio aumentam a oferta deste elemento, no
entanto, apresentam limitagdes importantes, como por exemplo, o aumento do risco para
doengas cardiacas e renais. (HAMILTON; TERENTYEV, 2019; TU et al., 2018)

Para estudar a fisiopatologia da osteoporose pds-menopdusica humana, utiliza-se ratas

ovariectomizadas (OVX), como modelo experimental validado. (KALU, 1991) Observou-se
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reducdo da DMO diafisaria e comprometimento das propriedades biomecanicas, quando
comparadas com animais controle. (MATHEY et al., 2004) Nesse sentido, ratas OVX vém
sendo utilizadas como modelo animal na avaliacao dos efeitos da suplementagdo de substratos
prebidticos, como terapia alternativa as tradicionalmente utilizadas para a manutencdo da
saude ossea. (ARJMANDI et al., 1996, DEVAREDDY et al., 2006; LEGETTE et al., 2012;
TOUSEN et al.,, 2016; YANG et al.,, 2013) Esses alimentos funcionais sdo utilizados
seletivamente por microrganismos hospedeiros, conferindo beneficios para a saude. (GIBSON
etal., 2017)

Os resultados benéficos observados nos estudos utilizando os prebiodticos se devem a
capacidade desses suplementos alimentares maximizarem a absor¢do de minerais da dieta,
(LEGETTE et al., 2012; OHTA et al., 1995) estimulam seletivamente o crescimento e/ou
atividade de bactérias benéficas nativas, (GIBSON et al., 2017) acarretando o aumento da
produgdo de acidos graxos de cadeia curta (AGCC) e consequente diminui¢do do pH luminal
e aumento da solubilidade dos minerais, principalmente calcio e magnésio. (SCHOLZ-
AHRENS et al., 2007, 2016) Além disso, podem influenciar a funcdo intestinal, por meio da
proliferagao de enterdcitos induzida por AGCC, levando ao aumento da area de superficie
absortiva e modulando a expressdo de proteinas de liga¢do ao célcio e fatores de crescimento.

(RUFINO et al., 2018)

Parametros Primarios: DMO, CMO e biomecanica 0ssea

Nesta revisao sistematica, a meta-analise dos dados dos parametros primarios (DMO, CMO e
biomecanica 6ssea) dos estudos incluidos demonstrou que os prebidticos sdo capazes de
melhorar significativamente estes parametros nos animais estudados. Em ratos e humanos, a
DMO e a CMO estao relacionados ao risco de fratura 6ssea (LEGETTE et al., 2012) e a
redugdo destes parametros e a deterioracdo da microarquitetura 6ssea, comprometem as
propriedades biomecanicas do osso (por exemplo: a resisténcia mecanica femoral a carga).
(MATHEY et al., 2007)

Esses efeitos benéficos sao decorrentes da fermentacdo dos prebidticos no coédlon dos
mamiferos pela microbiota nativa, aumentando a producao de AGCC, acarretando reducgdo do
pH luminal, aumento da solubilidade e concentracdo de minerais ionizados e facilitando a
difusdo de minerais nas partes distais do intestino. (JONES; MULLE; PACIFICI, 2018;
MATHEY et al., 2004) O aumento da absor¢ao de minerais, principalmente calcio e
magnésio, observado com a suplementacdo de prebiotico na dieta, compensam as perdas

diarias desse mineral, fazendo com que a absor¢ao exceda a excre¢do. Como consequéncia a
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concentra¢do adequada de célcio reduz a remodelagdo excessiva comum em mulheres na pds-
menopausa € em muitos osteoporéticos. (TU et al., 2018) O alto remodelamento ¢ um fator
de risco para fratura provavelmente tdo importante quanto a baixa massa dssea. (HEANEY,
2006) Isso ¢ demonstrado, por exemplo, pelo fato de que a taxa de remodelagdo prediz a
fratura (TU et al., 2018) e, em ensaios de tratamento com bifosfonatos ou célcio e vitamina D
em humanos, a taxa de fratura cai imediatamente apds o inicio do tratamento, antes que a
massa Ossea possa ter mudado sensivelmente. (HEANEY; WEAVER, 2005) A melhora da
utilizacao de calcio pelo osso nas dietas suplementadas com prebidtico em ratos, conforme
determinado pela abordagem de modelagem cinética, atua beneficamente na saude Ossea.
(DEVAREDDY et al., 2006; HEANEY, 2006; LEGETTE et al., 2011, 2012; YANG et al.,
2013)

A resisténcia Ossea depende dos minerais, mas também de outros fatores, como a
microarquitetura 6ssea e o teor de proteina da matriz. (DEVAREDDY et al., 2006) Em ratos
e camundongos suplementados com prebidticos, FOS e GOS, (RIZZOLI, 2019) observou
aumento do volume e a organizacao das trabéculas dsseas, melhorando a resisténcia, assim
como aumento da for¢a necessaria para a ruptura do fémur distal.

Indiretamente os prebidticos melhoram a digestao e a utilizagdo de proteinas, por meio de
modulacdo benéfica das bactérias intestinais relacionadas a protedlise, que podem induzir
atividade protease digestivas e peptidase do hospedeiro, e liberar exoenzimas envolvidas na
digestdo de proteinas, auxiliando beneficamente na absor¢do de pequenos peptideos e
aminoacidos, na capacidade de absor¢ao e transporte do epitélio e adicionalmente reduzindo a
fermentacdo proteica prejudicial e diminui¢do da toxicidade dos metabdlitos. (WANG; JI,
2018) Além disso, participam da diminuigdo da expressdo e formacao de genes inflamatdrios
e relacionados com inflamagdo na medula Ossea. Efeito benéfico do prebidtico amido-
resistente foi evidenciado pela inibigao do aumento da expressao de mRNA de IL-7R induzida
por OVX em camundongos, demonstrando a capacidade de diminuir o estado de inflamacao

na medula 6ssea, resultando na atenuacdo da perda 6ssea. (TOUSEN et al., 2016)

Parametros secundarios

Nos estudos incluidos nesta revisdo os prebiodticos ndo foram capazes de reduzir os ganhos
induzidos pela ovariectomia no peso corporal. Esse aumento no peso corporal deveu-se, em
parte, a maior gordura corporal. (DEVAREDDY et al., 2006) Isoladamente, o FOS nao ¢
capaz de reduzir os ganhos induzidos pela ovariectomia no peso corporal. (DEVAREDDY et

al., 2006; MATHEY et al., 2004) Essa heterogeneidade dos resultados dos estudos utilizando
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prebioticos suplementados na dieta, em humanos e animais, pode ser decorrente das diferentes
composicdes das dietas, tipos e doses do prebidtico, tempo de duracio dos estudos e diferentes
composi¢ao da microbiota nativa de humanos ou animais. (BINNS, 2013; JOHN et al., 2018;
MARKOWIAK; SLIZEWSKA, 2017; MATHEY et al., 2007)

Foi relatado aumento significativo do peso médio das paredes do intestino dos animais
tratados com prebidticos, e este aumento demonstrou ser dose dependente. Aumentos na
producao de AGCC e no peso da parede cecal sdo consequéncias do consumo de fibras
prebidticas, que modificam a fermentagdo bacteriana intestinal e estdo associadas a beneficios
para a saude. (LEGETTE et al., 2012)

A suplementagdo na dieta do prebidtico SAEAF suprimiu significativamente os aumentos
nos niveis plasmaticos de OCN e g-GT urinario em ratos OVX. A osteocalcina (OCN)
plasmatica ¢ um marcador sensivel de renovagao 0ssea e esses resultados indicaram que, além
de aumentar a absorcdo de célcio, o SAEAF inibiu o turnover ésseo. A andlise por
microtomografia mostrou que o tratamento com SAEAF reduziu significativamente os sinais
de perda 6ssea em ratas OVX tratados com prebiodticos. (YANG et al., 2013) Além disso, a
suplementagdo de prebiodtico resultou no aumento da absorcao e retengao de magnésio. Isto
pode ser valioso, uma vez que o magnésio influencia a regulacdo hormonal da modelagem e
mineralizagdo 6ssea, reduzindo o tamanho dos cristais 0sseos e evitando fragilidade ossea,
desempenhando, portanto, um papel importante em todos os aspectos do metabolismo dsseo.
(LEGETTE et al., 2012)

Os prebiodticos demonstraram ser eficientes por alteraram a composi¢do da microbiota para
uma estrutura de comunidade mais benéfica. Este processo resulta da estimulagdo de géneros
potencialmente promotores da satde do hospedeiro, mas ndo de grupos nocivos. (TOUSEN et
al., 2016; YANG et al.,, 2013) Os prebidticos fornecem carboidratos ndo digeriveis,
oligossacarideos, que as bactérias benéficas do colon sdo capazes de fermentar, levando a
producdo de 4cido latico, acidos graxos de cadeia curta e gases. Consequentemente, ha
reducdo do pH do lumen e estimulagdo da proliferagdo de células epiteliais do colon. Além
disso, sua atividade media principalmente o enriquecimento de espécies de Lactobacillus e/ou
de Bifidobacterium e possivelmente a modulagao do metabolismo de outros microrganismos
benéficos. (FERRARESE et al., 2018; SAAD, 2006; YANG et al., 2013)

A suplementacdo com prebiodtico, amido-resistente, aumenta significativamente a atividade
da B-glicosidase no contetido cecal, que ¢ um indicador da atividade de enzimas intestinais
que hidrolisam a ligagdo glicosidica e aumentam tanto o metabolismo dos conjugados ISO,

quanto a aglicona para equol da daidzeina. (TOUSEN et al., 2016)
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Avaliacdo do viés

Nesta revisdo sistematica com meta-analise, apds rigoroso processo de selecdo, os estudos
foram incluidos por apresentarem metodologia rigorosa € bem descrita. A randomizacao foi
considerada um requisito metodologico importante, no entanto, os estudos que nao citaram a
sequéncia aleatoria de randomizacdo e a ocultacdo de alocacdo foram incluidos quando
entendemos que os animais utilizados nos experimentos apresentavam homogeneidade de
peso, sexo, tempo de estabilizagdo apds OVX e via de administragdo do suplemento. A
consequéncia desta ponderacao foi a possibilidade de inclusdo de resultados conflitantes, que
em nossa consideragdo, eleva o nivel de confiabilidade do resultado final.

Resultados heterogéneos entre estudos podem ser devidos a varios fatores, dentre eles a
diferencas na duragdo do tratamento, e a duragdo da estabilizagdo apos ovariectomia, método

de administragdo e idade no inicio da suplementacao. (LEGETTE et al., 2012)

CONCLUSAO
Em conclusdo, os resultados deste estudo demonstram que a administragao de prebiodticos
melhora a DMO, CMO e propriedades biomecanicas dos ossos de ratas ovariectomizadas.
Como esses sdo parametros validados como indicadores de osteoporose, mostra claramente
que a atividade prebidtica pode estar envolvida nos mecanismos anti-osteoporoticos.

Dada a moderada evidéncia encontrada, esta meta-analise sugere novos estudos usando
prebidticos como uma alternativa terap€utica ou terapia complementar aos tratamentos

convencionais da osteoporose pds-menopausa em humanos.
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{2015}).

Rescarch dd asd':

Hao, Z., AghaKouchak, A., Nakhjiri, N. & Farahmand, A.
Global Integrated Drought Monitoring and Prediction
System (GIDMaPS) Data sets. figshare.

hitp:/ / dx.doi.org/10.6084/ m9.figshare 853801 {2014).

(x} Fgures

Figures and images should be labelled sequentially,
numbered and cited in the text. Production-quality figures
are not required at initial submission, but to aveid potential
substantial revisions atlater stages you may wish to note
some of the guidelines below even at the initial submission
stage.

It is recommended that you convert all your figures to JPEG
before generating PDFs or uploading individual files. This
will reduce the file sizes and the amount of time it takes the
files to upload to our submission site and will also give you
a doser approximation to the way your figures will appear
on our site. If you choose to submit your files in PowerPoint
format, please do not make a JPEG of these within
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PowerPoint. The conversion is more successful when a raw
PowerPoint file is submitted.

General Agure Guidelines

Use distinct colours with comparable visibility and consider
colour-blind individuals by avoiding the use of red and
green for contrast. Recoloring primary data, such as
fluorescence images, to colour-safe combinations such as
green and magenta, turquoise and red, yellow and blue or
other accessible colour paleties is strongly encouraged. Use
of the rainbow colour scale should be avoided. Use solid
colour for filling objects and avoid hatch patterns. Avoid
background shading. Figures divided into parts should be
labelled with a lower-case, boldface 'a', 'b', eftc. in the top
left-hand corner. Labelling of axes, keys and so on should be
in 'sentence case' (first word capitalized only) with no full
stop. Units must have a space between the number and the
unit, and follow the nomenclature common to your field.
Unusual units or abbreviations should be spelled out in full,
or defined in the legend.

FAnal Agure Submission Guidelines

Should your manuscript be accepted, you will receive more
extensive instructions for final submission of display items.
However, a summary of our guidelines for final figure
preparation are included here.

O Eachfigure should be saved in a separate file. Figures
including multiple parts (e.g. Fig.1a, 1b, 1c} should be
saved in a single file (e.g. Figurela-c). The figure
number should be placed above each figure. Figure
legends should be inserted in the article’s text file.

O Images should be saved in RGB color mode at 300 dpi
or higher resolution.

O Use the same typeface {Arial, Helvetica or Times New
Roman) for all figures. Use symbol font for Greek
letters.

0 We prefer vector files with editable layers. Acceptable
formats are: .ai, .eps, .pdf, .ps, .svg for fully editable
vector-based art; layered .psd or .tiff for editable
layered art; .psd, .tif, .jpeg or .png for bitmap images;
pptif fully editable and without styling effects;

O Figures are best prepared at the size you would expect
them to appear in print. At this size, the optimum font
size is 8pt and no lines should be thinner than 0.25 pt
(0.09 mm).

Display items that contain chemical structures should be

produced using ChemDraw or a similar program. Authors

using ChemDraw should use our ChemDraw Template and
submit the final files at 100% as .cdx files. All chemical
compounds must be assigned a bold, Arabic numeral in the
manuscript text.

(xi} Tables

Tables should be labelled sequentially as Table 1, Table 2,
eic. Each table should be numbered, tifled and cited in the
text. Reference to table footnotes should be made by using
Arabic numerals. Tables should not duplicate the content of



the text. They should consist of at least two columns, and
each column should have a heading. Authors should ensure
that the data in the tables are consistent with those cited in
the relevant places in the text, totals add up correctly, and
percentages have been calculated correctly. Unlike figures
or images, tables may be embedded into the main
manuscript file if necessary, or supplied as separate
electronic files.

If a table or figure has been published before, the authors
must obtain written permission to reproduce the material in
both print and dectronic formats from the copyright owner
and submit it with the manuscript. This also applies to
quotes, illustrations and other materials taken from
previously published works not in the public domain. The
original source should be cited in the figure caption or table
footnote.

Artwork Guidelines

Color figures

Color figures must be supplied in the following format.
For Single Images:

500 pixels (authors should sdect "constrain
proportions", or equivalent instructions, to

Width allow the application to set the correct
height automatically.)

Resolution | 125 dpi (dots per inch)

Format JPEG for photographs

Gl Ffor line drawings or charts

Flease save image with jpg or .gif extension
Flenaming o ensure it can be read by all platforms and
graphics packages.

For Multi-part Images:

900 pixels (authors should sdect "constrain
proportions", or equivalent instructions, to

Width allow the application to set the correct
height automatically.)

Resolution | 125 dpi (dots per inch)

Format JPEG for photographs

Gl F for line drawings or charts

Flease save image with jpg or .gif extension
Flenaming o ensure it can be read by all platforms and

graphics packages.

Black and white images

0 Image resolution of atleast 300 dpi at publication
size

0 Images should be scanned at a minimum of 300
dpi
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0 During software manipulation of images, care
should be taken that resolution is maintained

0 Images may be rotated or scaled, but this must be
the same in the x and y dimensions

0 Contrast and brightness can be adjusted, but this
must be uniform across the entire image, and must
not result in the loss of any feature, band or spot.
The background should still be visible

O If lanes are removed, and onoe separate parts of an
image are joined together, a black, white or grey
line should indicate dearly where the image was
cut

0 I bladk borders are drawn around the image, the
lines should correspond to all edges where the
image was cut

[0 Protein molecular weights or DNA fragment sizes
should be indicated for all figure panels showing
gel dectrophoresis

Graphs, Histograms and Statistics

0  Error bars must be described in the figure legend

0 Axes on graphs should extend to zero, except for
log axes

0 Seatistical analyses (induding error bars and p
values) should only be shown for independently
repeated experiments, and must not be shown for
replicates of a single experiment

0 The number of times an experiment was repeated
(N} must be stated in the legend

As the electronic submission will provide the basic material
for typesetting, it is important that papers are prepared in
the general editorial style of the journal.
1. Do not make rules thirmer than 1 pt {0.36 mm)
2. Use a coarse hatching pattern rather than shading
for tinis in graphs
3. Color should be distinct when being used as an
identifying tool
4. Use Sl units throughout
5. Spaces, not commas should be used to separate
thousands
6. Abbreviations should be preceded by the words for
which they stand in the first instance of use and
should not be used for terms used fewer than 4
times
7. Textshould be double spacing with a wide margin
8. Use a common word-processing package {(such as
Microsoft Word) for the text. Embed tables
converted into images at the end of the Word
document, or as a separate file in whichever
program you used to generate them
9. If you submit raw data, this can be done in Excel,
or tab/comma delimited format
10. At first mention of a mamufacturer the town, (state
if USA} and country should be provided.
11. All pages amd lines are to be numbered. To add
page numbers in MS Word, go to Insert then Page
Numbers. To add line numbers go to File, Page



Setup, then click the Layout tab. In the Apply to
box, select Whoele document, click Line Numbers
then select the Add line numbering check box,
followed by Continuous.

FRle Fomats

File formats for manuscript files, figures and tables that are
acceptable for our electronic manuscript submission process
are given on the online forms. Further advice on file types is
also available from the Tips webpage. Please follow the
artwork guidelines above for submitting figures, and use a
commoen word-processing package (such as Microsoft
‘Word) for the text. Either embed tables converted into
images at the end of your Word document, or as a separate
file in whichever program you used to generate them. If you
submit raw data, this can be done in Excel, or tab/comma
delimited format.

Supplementary information

Supplementary information is peer-reviewed material
directly relevant to the conclusions of an article that cannot
be included in the printed version owing to space or format
constraints. It is posted on the journal's website and linked
to the article when the article is published and may consist
of data files, graphics, movies or extensive tables.

The article must be complete and self-explanatory without
the supplementary information. Supplementary
information enhances a reader’s understanding of the
manuscript but is not essential to that understanding,.
Supplementary information must be supplied to the
Editorial Office in its final form for peer review. Cn
acceptance the final version of the peer reviewed
supplementary information should be submitted with the
accepted manuscript

To ensure that the contents of the supplementary
information files can be viewed by the editor(s), referees
and readers, please also submit a “read-me’ file containing
brief instructions on how to use the file.

Supplying supplementary information files

Authors should ensure that supplementary information is
supplied in its FINAL format because it is not subedited
and will appear online exactly as originally submitted. It
can neither be altered, nor added to, after the paper has
been accepted for publication.

Please supply the supplementary information via e]P, the
electronic manuscript submission and tracking system, in
an acceptable file format (see below).
Authors should:
0 Include a text summary (no more than 50 words)
to describe the contents of each file.
O Identify the types of files (file formats) submitied.
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0 Include the text 'Supplementary information
accompanies the manuscript on the BoneResearch
website hitp: / /wwwnature.com/boneres at the
end of the article and before the references.

Accoepted file fomats

CQuick Time files (mowv)
HTML files (html)

MPEG movie files (mpg)
JPEG image files (jpg)
Sound files ((wav)

Plain ASCII text (-txt)
Acrobat files (.pdf)

MS Word documents (.doc)
Postscript files (.ps)

MBS Excel spreadsheet documents (.xIs)
TeX or LaTeX (tex) files

Oooooogoooooag

File sizes must be as small as possible, so that they can be
downloaded quickly. Images should not exceed 640 x 480
pixels (approximately 23 x 17 cm at 72dpi), and we would
recommend 480 x 360 pixels as the maximum frame size for
movies. We also recommend a frame rate of 15 frames per
second. If applicable to the presentation of the
supplementary information, use a 256-color palette. Please
consider the use of lower specification for all of these points
if the supplementary information can still be represented
clearly. Cur recommended maximum data rate is 150 KB/s.
The number of files should be limited fo eight, and the fotal
file size should not exceed 8 MB. Individ ual files should not
exceed 1 MB. Please seek advice from the Editorial Office
before sending files larger than our maximum size to avoid
delays in publication.

Language Editing

Fer editors and reviewers to accurately assess the work
presented in your manuscript you need to ensure the
English language is of sufficient quality to be understood. If
you need help with writing in English, you should consider:

O Asking a colleague who is a native English speaker to
review your manuscript for clarity.

O Using a professional language editing service where
editors will improve the English to ensure that your
meaning is clear and identify problems that require
your review. Two such services are provided by our
affiliates Nature Research Editing Service and
American Journal Experts.

Please note that the use of a language editing service isnota
requirement for publication in this journal and doesnot
imply or guarantee that the article will be selected for peer
review or accepted.



POST-ACCEPTANCE

Once a manuscript is accepted, the corresponding author
must complete and sign a Creative Commons licence and
Article Processing Charge Payment form on behalf of all
authors and return it to the ediiorial office. Failure to
prompily return the form will result in delay of
publication.

Publication

Publishing Open Access will mean the paper is freely
accessible online immediately upon publication. By paying
this charge authors are permitted to post the final,
published PDF of their article on a website, instibutional
repository or other free public server, immediately on
publication.

Open access articles are published under a CC BY licence
{Creative Commons Attribution 4.0 International Licence).
The CC BY licence is preferred by many research funding
bodies. It allows for maximum dissemination and re-use of
open acoess materials: users are free to share (copy,
distribute and transmit) and remix (adapt) the contribution
induding for commercial purposes, providing they
attribute the contribution in the manner specdified by the
author or licensor (read the full legal code).

Under Creative Commeons licenoes, authors retain
copyright in their work. Authors should note that some
funders require papers to be published under a specific

licence and so should check the funder mandate to ensure
compliance.

Proofs

The corresponding author will receive an e-mail confaining
a URL linking to the proofing site. Proof corrections must
be returned within 48 hours of receipt. Failure to do so may
result in delayed publication. Extensive changes cannot be
made at this stage.

Final Publication
The final version of the manuscript is published online and
represents the official version of the manuscript.

Self-Archiving

Authors are encouraged to submit the final version of the
aocepted, peer-reviewed manuscript to their funding
body's archive for public release immediately upon
publication and to deposit the final version on their
institution’s repository. Authors should cite the publication
reference and DOI number on any deposited version, and
provide a link from it to the published article on the
nature.com website.

This policy complements the policies of the US National
Institutes of Health, the Welloome Trust and other reseanch
funding bodies around the world. Springer Nature
recognises the efforts of funding bodies to increase acoess
of the research they fund, and strongly encourages authors
to participate in such efforts.

HOW TO SUBMIT

Pre-submission Enquiries
Please submit via our online manuscript submission system
or via e-mail to bri@scu.edu.cn

Online Submission

We only accept manuscript submission via our online
manuscript submission system. Before submiiting a
manuscript, authors are encouraged to consult both our
Editorial Policies and the Submission Instructions for our
online manuscript submission system. If you have not
already done so, please register for an account with our
online manuscript system. You will be able to monitor the
status of your manuscript online throughout the editorial
process.

Submission of Revisions
Authors submitting a revised manuscript after review are
asked to include the following:

{1} A rebuttal letter, indicating point-by-point how you
have addressed the comments raised by the reviewers.
If you disagree with any of the points raised, please
provide adequate justification in your letier.

(2} A marked-up version of the manuscript that highlights
changes made in response to the reviewers' comments
in order to aid the Editors and reviewers.

(3} A 'dean' {non-highlighted} version of the manuscript.

PUBLICATION CHARGES

Open aacess article processing charges (APCs) and
license io publish (LTF)

Bane Research levies an Artide-Processing Charges {APC)
per article accepted for publication. A payment form will
need 0 be completed alongside the Licence to Publish
form via our online portals.

Flease note in regards to payment that usual credit terms
are 30 days from receipt of invoice. Failure to pay your
invoice within the stated credit term may result in such

penalties as restrictions on your ability to publish with
Springer Nature or in the Journal in the future,
involvement of a third-party debt collection agency and
legal proceedings.

Artide Processing Chargs Wailver policy

Bone Research offers APC waivers for papers whose
corresponding authors are based the world's lowest
income countries as defined by the World Bank.
Discretionary APC waivers for authors will be considered



on a case-by-case basis, and may be granted in cases of
financial need. All applications for discretionary APC
waivers should be made at the point of manuscript
submission. To request a waiver please contact
apcwaivers@springernature.com. Full details of our APC
waiver and discount policies can be found here.

All decisions to publish are based entirely on editorial
criteria and the editors and reviewers will not have access
to the information on the author’s ability to pay the Article
Processing Charge. Springer Nature is a partner of
AGORA, HINARI, INASP - you can find more information
here: hitp:/ /www.nature.com/info/ partners.html.
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Visit our open research site for further information about
licenses, APCs, and our free OA funding support service:

0 About Creative Commons licensing

0 Creative Commons license options and artide
processing charges { APCs) for Bone Resaarch

APC payment FAQs

Help in identifying funding for APCs

APC waiver policy

Compliance with funding body requirements

Ry o

EDITORIAL POLICIES

Submission to the Bane Research implies that all authors
have seen and approved the full manuscript.
Corresponding authors of accepted papers will be required
to sign a License to Publish form on behalf of all authors

The Bone Research levies an artide-processing charge (APC)
for all submissions that are accepted for publication. Upon
acceptance, it is mandatory that authors fill out and send
back the payment form along with their license to publish
form. Upon publication, the article is universally and freely
accessible to all via the Internet, in an easily readable
format. Further details are outlined below in the Open
Access and Charges section.

To avoid unnecessary delays in the review process, please
consider the following policies carefully before you submit

your manuscript.

Authorship

Requirements for all categories of articles largely conform to
the standard practices of life sciences journals. A
manuscript will be considered for publication with the
understanding that:

1. all named authors have agreed to its submission

2.  itis not currently being considered for publication
by another journal

3. if the paper is accepted, it will not subsequently be
published in the same or similar form in any
language without the consent of publisher

Each author must have contributed sufficiently to the
intellectual content of the submission. The corresponding
author should list all authors and their contributions to the
work. Any changes to the author list after submission, such
as a change in the order of the authors, or the deletion or
addition of authors, must be approved by a signed letter
from every author. The corresponding author must confirm
that he or she has had full access to the data in the study
and final responsibility for the decision to submit for
publication. To qualify as a contributing author, one must
meet all of the following criteria:

1. Conceived and/or designed the work that led to
the submission, acquired data, and /or played an
important role in interpreting the results

2.  Drafted or revised the manuscript

3. Approved the final version

Other individuals who made direct contributions to the
work but do not meet all of the above criteria may be
recognized in the Acknowledgments sedtion of the
manuscript.

Professional writers and industry employees can be
contributors. Their roles, affiliations, and potential conflicts
of interest should be included in the author list or noted in
the Acknowledgmentis and/ or Condributors section
concurrent with their contribution to the work submitted.
Signed statements from any medical writers or editors
declaring that they have given permission to be named as an
author, as a contributor, or in the Adnowledgments section
is also required. Failure to acknowledge these contributors
can be considered inappropriate, which conflicts with the
editorial policy of the Bone Rescarch.

Plagiarism and fabrication
Plagiarism is when an author attempis to pass off someone
else's work as his or her own. Duplicate publication,
sometimes called self-plagiarism, ocours when an author
reuses substantial parts of his or her own published work
without providing the appropriate references. Plagiarism
without dishonest intent is relatively frequent, for example,
when an author reuses parts of an introduction from an
earlier paper. Because of some confusion as to the
appropriate use of other authors' writing, we offer the
following guiddine in addition to the normal principles
regarding plagiarism: if more than 5 consecutive words are
taken verbatim from the text of another publication
(induding the authors” own work), this fact should be
indicated by the use of inverted commas, as well as citation
of the original source. It is not appropriate to make trivial
changes to the wording instead. This rule can be relaxed
slightly for descriptions of methodology from the authors’
own papers, or for common phrases. If plagiarism is found,
the journal will contact the author and, in some cases, the
author's institute and funding agendes. The paper
containing the plagiarism will be marked on each page of
the PDF, and depending on the extent of the plagiarism, the



paper may be formally retracted. CrossCheck is a multi-
publisher initiative to screen published and submitted
content for originality. Bone Research uses CrossChedk to
detect instances of ovedapping and similar text in
submitted manuscripts. To find out more about CrossCheck
visit www.crossref.org / crosschedc html

Duplicate publication

Material submitted to the journal must be original and not
published or submitted for publication elsewhere in any
language. This policy applies to material submitted
dsewhere while the contribution to Bane Resaarch is under
consideration.

Authors submitting a manuscript should notify the editor(s)
if part of their contribution has appeared or will appear
elsewhere, or if any related material is under consideration
or in press elsewhere.

If a submission contains a figure that is published elsewhere
or that is copyrighted, the author must provide
documentation that the previous publisher or copyright
holder has given permission for the figure to be re-
published. The editors consider all material in good faith,
and assume that the journal has full permission to publish
every part of the submitted material, induding illustrations.

Permissions

If a table or figure has been published before, the authors
musst obtain written permission to reproduce the material in
eectronic format from the copyright owner and submit it
with the manuscript. This follows for illustrations and other
figure caption or table footnote. Permission to reproduce
material can usually be obtained through the Copyright
Qlearance Center.

Climical Trials

As defined by the International Commitiee of Medical
Journal Editors {ICMJE), a clinical trial is amy research
project  that prospectively assigns human subjects to
intervention and comparison groups to study the cause-and
effect relationship between a medical infervention and a
health outcome. A medical intervention is any intervention
used to modify a health outcome and indudes but is not
limited to drugs, surgical procedures, devices, behavioural
treatments, and process-of care changes. A trial must have
at least one prospectively assigned concurrent control or
comparison group in order to trigger the requirement for
registration. Nonrandomised trials are not exempt from the
registration requirement if they meet the above criteria.

When reporting experiments on human subjects, please
indicate whether the procedures were in accordance with
the ethical standards of the respomsible commitiee on
the Helsinki Declaration of 1975 (as revised in 1983).
Include Institutional Review Board or Animal Care and Use
Committee approvals.

All clinical trials must be registered in a public registry
prior to submission. The journal follows the trials
registration policy of the ICMJE (www.icmje.org) and
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considers only trials that have been appropriately registered
before submission, regardless of when the trial dosed to
enrolment. Acceptable registries must meet the following
ICMIJE requirements:

00 be publicly available, searchable, and open to all
prospective registrants

00 have avalidation mechanism for regjstration data

0 be managed by a not-for-profit organization

The trial registry number for eligible papers will be collected
during the submission prooess.

Toolkits
Springer Nature emdorses the toolkits and guidelines
produced by the following bodies:

Committee on Publication Ethics
Good Publication Practice
Medical Publishing Insights and Practioes Initiative

Competing Interests

In the interests of transparency and to help readers form
their own judgments of potential bias, authors must dedare
whether or not there are any competing interests in relation
to the work described. This information must be included in
their cover letier and after the adknowledgemenis of their
manuscript. In cases where the authors declare a competing
interest, a statement to that effect is published as part of the
artide. If no such conflict exists, the statement will simply
read that the authors have nothing to disdose.

For the purposes of this statement, competing interesis are
defined as those of a financial nature that, through their
potential influence on behaviour or content, or from
perception of such potential influences, could undermine
the objectivity, integrity or perceived value of a publication.
They can include any of the following:

[0 Funding: Research support (induding salaries,
equipment, supplies, reimbursement for attending
symposia, and other expenses) by organizations that
may gain or lose financially through this publication.
The role of the funding body in the design of the
study, collection and analysis of data and dedision to
publish should be stated.

00 Employment: Recent (while engaged in the research
project), present or anticipated employment by any
organization that may gain or lose finandially through
this publication.

O Personal financial interesis: Stocks or shares in
companies that may gain or lose financially through
publication; consultation fees or other forms of
remuneration from organizations that may gain or lose
finandially; patents or patent applications whose value
may be affected by publication.

It is difficult to specify a threshold at which a financial
interest becomes significant, but note that many US
universities require faculty members to disclose interests
exceeding $10,000 or 5% equity in a company. Any such
figure is arbitrary, so we offer as one possible practical



alternative guideline: "Dedare all inferests that could
embarrass you were they to become publidy known after
your work was published.” We do not consider diversified
mutual funds or investment trusts to constitute a competing
financial interest.

The statement must confain an explicit and unambiguous
statement describing any potential conflict of interest, or
lack thereof, for any of the authors as it relates to the subject
of the report. Examples indude “Dr. Smith receives
compensation as a consultant for XYZ Company,” “Dr.
Jones and Dr. Smith have finandial holdings in ABC
Company,” or “Dr. Jones owns a patent on the diagnostic
device described in this report.” These statements
acknowledging or denying conflicts of interest must be
included in the manuscript under the heading Conflict of
Interest. The Conflict of Interest disdosure appears in the
cover leiter, in the manuscript submission process amd
before the References section in the manuscript.

Following the Competing Interests heading, there must be a
listing for each author, defailing the professional services
relevant to the submission. Neither the predse amount
received from each enfity nor the aggregate income from
these sources needs to be provided. Professional servioes
include any activities for which the individual is, has been,
or will be compensated with cash, royalties, fees, stock or
stock options in exchange for work performed, advice or
counsel provided, or for other services related to the
author’s professional knowledge and skills. This would
include, but not necessarily be limited to, the identification
of organizations from which the author received contracts
or in which he or she holds an equity stake if professional

Examples of dedarations are:

O  Conflict of Interest.
The authors declare no conflict of inferest.

0  Conflict of Interest.
Dr Caron's work has been funded by the NIH. He has
received compensation as a member of the scientific
advisory board of Acadia Pharmaceutical and owns
stock in the company. He also has consulied for
Lumndbeck and received compensation. Dr Rothman
and Dr Jensen declare no potential conflict of interest.

Pre- and Post-Submissions

Authors are welcome to post pre-submission versions or the
original submitted version of the manuscript on a personal
blog, a collaborative wiki or a recognized preprint server
(sudh as arXiv and bioRxiv) at any time.

For content published under a Creative Commons licence,
authors can replace the submitted version with the final
published version at publication as long as a publication
reference and URL to the published version on the journal
website are provided.

Electronic manipulation of images
Digital image enhancement is aoceptable practice, although
it can result in the presentation of unrepresentative data as
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well as in the loss of meaningful signals. During
manipulation of images a positive relationship between the
original data and the resulting electronic image must be
maimained. If a figure has been subjected to significant
enhancements must be noted in the figure legend or in the
"Materials and methods' section. The editors reserve the
right to request original versions of figures from the authors
of a paper under consid eration.

Supplementary information for editors and
reviewers

Any manuscripts under review or accepted for publication
elsewhere should accompany the submission if they are
relevant to its scientific assessment.

Authors should also provide upon submission any kind of
supplementary material that will aid the review process.

Peer Review

The journal operates single blind peer review. Manuscripts
sent out for peer review are evaluated by at least one
independent reviewer {(often two or more). Authors are
welcome to suggest independent reviewers to evaluate their
manuscript, as well as request individuals or laboratories.
All recommendations are considered, but the choice of
reviewers is at the editors’ discretion. To expedite the
review process, only papers that seem most likely to meet
editorial criteria are sent for external review. Papers judged
by the editors to be of insufficient general interest or
otherwise inappropriate are rejected prompily without
external review. The editors then make a decision based on
the reviewers' evaluations:

O  Acoept, with or without editorial revisions.

O Revise, with the author ad dressing concerns raised by
the reviewers before a final decision is reached.

O Rejed, butindicate to the authors that further work
might justify a resubmission.

O Reject outright, typically on grounds of spedalist
interest, lack of novelty, insufficient conoeptual
advance or major technical and / or inferpretational
problems.

Selecting Peer Reviewers

Reviewer selection is critical to the publication prooess, and
the editors’ chwice is based on many factors, induding
expertise, reputation, and specific recommendations. A
reviewer may dedine the invitation to evaluate a
manuscript where there is a perceived conflict of interest
(financial or otherwise).

Appeals

Even in cases where editors did not invite resubmission,
some authors ask the editors to reconsider a rejection
decdision. These are considered appeals, which, by policy,
must take second place to the normal workload. In practice,
this means that dedsions on appeals often take several
weeks. Only one appeal is permitted for each manuscript,
and appeals can only take place after peer review.

Decisions are reversed on appeal only if the editors are
convinced that the original decision was a serious mistake,



not merely a borderline call that could have gone either
way. Further consideration may be merited if a referee
made substantial errors of fact or showed evidence of bias,
but only if a reversal of that referee's opinion would have
changed the original decision. Similarly, disputes on factual
issues need not be resolved unless they were critical to the
outcome. Thus, after careful consideration of the authors'
peints, most appeals are rejected by the editors.

If an appeal merits further consideration, the editors may
send the authors' response or the revised paper to one or
more referees, or they may ask one referee to comment on
the concerns raised by amother referee. On occasion,
particularly if the editors feel that additional technical
expertise is needed to make a decision, they may obtain
advice from an additional referee.

Comection and retraction policy

We recognize our responsibility to correct errors. Content
published online is final and cannot be amended. The
online version is part of the published record; therefore the
original version must be preserved and changes to the
paper should be made as a formal correction. If an error is
noticed after online publication an HTML (or full-text)
version of the correction will be created and linked to the
original article. Please note the following policy for making
corrections to online peer-reviewed content:

[0 Publisher Corredion. Notification of an important
error made by the journal that affects the
publication record or the scientific integrity of the
paper, or the reputation of the authors, or of the
journal.

O Author Comredion. Notification of an important
error made by the author(s) that affects the
publication record or the scientific integrity of the
paper, or the reputation of the authors or the
journal.

[0 Retraction. Notification of invalid resulis. All co-
authors must sign a retraction specifying the error
and stating briefly how the conclusions are
affected.

Decisions about corrections are made by the Editor
(sometimes with advice of peer reviewers) and this
sometimes involves author consultation. Requests to make
corrections that do not affect the paper in a significant way
or impair the reader's understanding of the contribution (a
spelling mistake or grammatical error, for example) are not
considered. In cases where co-authors disagree about a
correction, the Editor will take advice from independent
peer reviewers and impose the appropriate correction,
noting the dissenting author(s) in the text of the published

version.
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