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RESUMO 
 

Esta revisão sistemática teve como objetivo avaliar criticamente a literatura 
disponível sobre o potencial do SIN para induzir a diferenciação osteogênica de 
células indiferenciadas in vitro. Os estudos foram selecionados em um processo 
de duas fases. Bancos de dados eletrônicos (Embase, Latin American and 
Caribbean Health Sciences, PubMed, SCOPUS, Web of Science) foram 
consultados, além de uma consulta adicional nas bases de dados da literatura 
cinza (Google Scholar, Open Gray e ProQuest) até 30 de novembro de 2020. O 
risco de viés (RoB) entre os estudos incluídos foi avaliado por meio da 
ferramenta Office of Health Assessment and Translation (OHAT) adaptada para 
estudos in vitro que avaliaram os artigos em risco de viés "Definitivamente baixo", 
"Provavelmente baixo", "Provavelmente alto" ou "Definitivamente alto". Quatorze 
estudos que avaliaram pelo ao menos a atividade da fosfatase alcalina e a 
mineralização da matriz extracelular após a osteoindução foram incluídos Altas 
concentrações de SIM demonstraram potencial citotóxico, enquanto 
concentrações variando de 0,1 nM a 1 μM estimularam a diferenciaç o 
osteogênica quando adicionadas ao meio de cultura não osteogênico ou 
osteogênico. Uma meta-análise não foi possível devido à heterogeneidade entre 
os estudos. Em conclusão, a suplementação com SIM foi capaz de promover a 
diferenciação osteogênica de células indiferenciadas em meios de cultura não 
osteogênicos e osteogênicos. Além disso, a diferenciação osteogênica foi 
considerada altamente dependente da concentração de SIM. 

 
Palavras-chave:  
Estatinas; Sinvastatina, Metabolismo ósseo; Células mesenquimais; Revisão 
Sistemática 

. 
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ABSTRACT 

This systematic review aimed to assess the potential of simvastatin (SIM) to 
induce the osteogenesis of undifferentiated cells in vitro. Studies were selected 
in a two-phase process. Electronic databases (Embase, Latin American and 
Caribbean Health Sciences, PubMed, SCOPUS, and Web of Science) and grey 
literature (Google Scholar, Open Grey, and ProQuest) were assessed up to 
November 30, 2020. The risk of bias in individual studies was assessed through 
the Office of Health Assessment and Translation (OHAT) tool adapted for in vitro 
studies which evaluated the articles in "Definitely Low", "Probably Low", 
"Probably High", or "Definitely High" risk of bias. Fourteen studies that evaluated 
at least alkaline phosphatase activity and extracellular matrix mineralization after 
osteoinduction were included. The risk of bias was considered as “probably low” 
or “definitely low” for most of the questions assessed. High SIM concentrations 
demonstrated cytotoxic potential while concentrations ranging from 0.1 nM to 1 
μM stimulated osteogenic differentiation when added to the non-osteogenic or 
osteogenic culture medium. A meta-analysis was not possible due to the 
heterogeneity among the studies. In conclusion, SIM supplementation was able 
to promote osteogenic differentiation of undifferentiated cells in both non-
osteogenic and osteogenic culture media. Also, osteogenic differentiation was 
highly dependent on the SIM concentration. 
 
Keywords: 
Statins; Simvastatin; Bone metabolism; Mesenchymal cells; Systematic Review 

 

  



 13 

LISTA DE FIGURAS E TABELAS 

 
TABELA 1 -------------------------------------------------------------------------------53 

TABELA 2 -------------------------------------------------------------------------------50 

FIGURA 1 -------------------------------------------------------------------------------62 

APÊNDICE 1 ---------------------------------------------------------------------------63 

APÊNDICE 2 ---------------------------------------------------------------------------68 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 14 

LISTA DE SÍMBOLOS E SIGLAS 

 

 

SIN – Sinvastatina (Simvastatin (SIM)) 

% - Percentagem 

< Menor 

μg - Micrograma 

U - Unidades de massa atômica 

mM – Milimolar (es) 

nM – Nanomolar (es) 

μM – Micromolar(es) 

ALP – Fosfatase alcalina (Alkaline Phosphatase) 
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1 INTRODUÇÃO E REVISÃO DE LITERATURA  
Reparar grandes defeitos ósseos causados por traumas, tumores, perda 

dentária precoce e doenças periodontais progressivas ainda é um desafio. Além 

do mais, estudos mostram que a preservação do periodonto, da função 

mastigatória, e da estética facial é essencial para que não haja déficit na saúde 

e na qualidade de vida dos pacientes (BUSET et al., 2016; LIU; KERNS, 2014; 

NYMAN, 1991). 

O osso autógeno foi considerado por muito tempo o padrão de referência 

entre os materiais para enxertia, no entanto, apresenta uma série de limitações, 

incluindo morbidade da área doadora e reduzida disponibilidade óssea nos locais 

de coleta. Ao longo dos anos surgiram inúmeras técnicas e estratégias 

terapêuticas visando a reparo do tecido ósseo, como por exemplo, regeneração 

tecidual guiada (RTG) associada à utilização de biomateriais como arcabouços, 

osso autógeno ou a combinação destes (GENTILE et al., 2011; LIU; KERNS, 

2014; RETZEPI; DONOS, 2010; SCULEAN et al., 2015; WHANG et al., 2005).  

A Engenharia Tecidual vem ampliando a indicação dos procedimentos 

reconstrutivos por meio do aprimoramento da capacidade de caracterizar com 

precisão os eventos biológicos a partir da interação de três elementos chaves: 

células viáveis, arcabouços e moléculas sinalizadoras (fatores de transcrição). 

Além destes, é conhecido que tempo adequado e fatores ambientais também 

influenciam diretamente no resultado da regenerativos ou reparativos 

(BARTOLD et al., 2000; HAN et al., 2014) .  

As moléculas sinalizadoras orquestram o processo de formação óssea 

(BARTOLD et al., 2000; NEVINS et al., 2013). Com o objetivo de mimetizar o 

mesmo e induzir a reparação, diversos fatores de crescimento, como fator de 

crescimento derivado de plaquetas (PDGF) fator de crescimento de fibroblasto 

(FGF) e fator de crescimento transformante β (TGF- β) têm sido estudados 

quanto aos seus efeitos no metabolismo ósseo (COCHRAN et al., 2016; MISHRA 

et al., 2013; NEVINS et al., 2003, 2013).  

Estudos mostram que o TGF-β é capaz de estimular a produção de matriz 

extracelular e agir como quimiotático para células ósseas, fibroblastos gengivais 

e fibroblastos do ligamento periodontal (DEREKA; MARKOPOULOU; 

VROTSOS, 2006; NISHIMURA; TERRANOVA, 1996); Ainda dentro da 
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superfamília do TGF-β, as proteínas ósseas morfogenéticas (BMPs) têm 

recebido especial atenção, devido ao seu potencial em estimular células 

progenitoras a se diferenciarem em células de linhagem osteoblástica (KING; 

COCHRANT, 2002; URIST, 1965; URIST; STRATES, 1971), tendo papel 

essencial na formação, manutenção e reparo do tecido ósseo, além de estimular 

a formação de novo cemento (LEE et al., 2010).  

Disponível no mercado para comercialização, a rhBMP-2 (recombinante 

humana, produzida em larga escala a partir da tecnologia do DNA 

recombinante), é utilizada atualmente como auxiliar em procedimentos 

regenerativos (cicatriciais). No entanto sua utilização em dosagem única tem 

sido questionada por não induzir o estímulo adequado à osteoindução por ser 

uma modalidade de tratamento que apresenta alto custo e riscos (DRAGOO et 

al., 2003; JUNG; THOMA; HAMMERLE, 2008; SERVICE, ROBERT, 2000).  

Dentre eles destacam-se a falta de controle na atuação desses fatores (devido 

à cinética de liberação complexa), o uso de dosagens não fisiológicas (por ser 

requerida uma quantidade seis vezes maior do que a BMP endógena), 

imunogenicidade e segurança a longo prazo, exigindo cautela na sua utilização 

(BODEN, 1999; JUNG; THOMA; HAMMERLE, 2008; SERVICE, ROBERT, 2000)  

Devido a estas dificuldades no uso das BMPs exógenas, têm-se 

procurado alternativas com menores riscos e custos, que sejam capazes de 

regular favoravelmente os fatores de crescimento intrínsecos e que possam ser 

associados a arcabouços e que promovam a diferenciação celular. Como 

alternativa, iniciou-se o estudo das estatinas como substâncias osteoindutoras, 

dentre elas destaca-se a Sinvastatina (SIN). Aprovada pela Food and Drug 

Administration (FDA), possui custo 16.000 vezes menor frente à rhBMP-2, e é 

de fácil sintetização (MUNDY et al., 1999). 

As estatinas são comumente utilizadas no tratamento da 

hipercolesterolemia, pois seu mecanismo de ação consiste na sua capacidade 

em inibir a redutase da 3-hidroxi-3-metilglutaril coenzima da HMG-CoA, 

bloqueando a conversão do HMG- CoA em mevalonato e impedindo, a síntese 

do colesterol endógeno. São moléculas estáveis, não susceptíveis à degradação 

proteolítica e podem ser sintéticas ou originárias de culturas de fungos 

(AMERONGEN et al., 2000; NIU; DING; ZHANG, 2015; SHAH et al., 2015; 

STAAL et al., 2003) . Mundy et al. (1999) foram os primeiros a citar a SIN como 
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estimulador da formação óssea in vivo. Fora observado aumento na largura 

óssea a partir da injeção subcutânea de SIN na calvária de ratos, além de ter-se 

obtido aumento do volume de osso esponjoso na tíbia quando administrada 

oralmente (MUNDY et al., 1999).  

Estudos demonstram que a SIN promove diferenciação osteoblástica por 

elevar o nível de expressão de proteínas osseas morfogenéticas 2 (BMP2), 

osteopontina, colágeno tipo I, sialoproteína e osteocalcina. Além disso, pela 

indução da diferenciação dos osteoblastos, antagoniza a ativação da proteína 

quinase pelo fator de necrose tumoral alpha (TNF-α), revertendo seu efeito 

supressor e prevenindo a inibição de BMP2 o que permite a expressão de 

marcadores osteogênicos como Runx2, osteopontina e fosfatase alcalina. Um 

estudo in vitro, mostrou também que as estatinas são capazes de inibir a 

reabsorção óssea por meio da supressão da cascata do mevalonato, 

bloqueando moléculas essenciais a atividade osteoclástica (STAAL et al., 2003; 

YAMASHITA et al., 2008).  

A SIN pode ser administrada de formas variadas como, por exemplo, por 

via oral, injeções múltiplas em lesões e aplicação local em materiais específicos. 

Quando administrada por via oral, a grande parte da sua degradação ocorre a 

nível hepático, podendo resultar em sérios efeitos colaterais sistêmicos, além de 

disponibilizar pouco fármaco para atuação no tecido ósseo (JADHAV; JAIN, 

2006; KHEIRALLAH; ALMESHALY, 2015). Outra opção é injetar a SIN 

diretamente no local de ação, em fraturas ou defeitos, no entanto, devido ao seu 

baixo peso molecular e difusão acelerada requer injeções repetidas para se obter 

o efeito desejado o que causa uma drástica redução da produção de colesterol 

local, substância importante para manter a integridade das membranas celulares 

(WHANG et al., 2005).  

Dessa maneira estudos já mostraram que para se utilizar a SIN localmente 

é necessário um meio condutor adequado que controle a sua liberação, 

concentração local e efetividade permitindo a neoformação tecidual sem danos 

ao mesmo (ENCARNAÇÃO et al., 2016; QING et al., 2019; WHANG et al., 2005). 

A incorporação de SIN por diferentes tipos de arcabouços tem sido relatada na 

literatura, tanto em estudos in vitro quanto in vivo. Estes biomateriais se mostram 

promissores quanto sua capacidade de bioestimular a neoformação óssea, no 

entanto ainda não existe uma previsibilidade na resposta e o conhecimento dos 
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seus efeitos a longo prazo (BAO; FRANCO; LEE, 2011; NAITO et al., 2014; TAI 

et al., 2013). 

Estudos também mostraram que as células-tronco multipotentes adultas 

podem substituir o enxerto ósseo no tratamento de defeitos ósseos, superando 

o obstáculo bioético da utilização de células-tronco embrionárias (DONZELLI et 

al., 2007; KIMELMAN et al., 2007; THESLEFF; TUMMERS, 2003). A formação 

óssea envolve a diferenciação das células indiferenciadas, primeiro em pré-

osteoblastos e depois em osteoblastos maduros com capacidade de sintetizar 

matriz óssea extracelular, resultado da expressão de genes fenotípicos que 

levam à aquisição do fenótipo dos osteoblastos. Com a potencial capacidade da 

SIN na osteoindução de células indiferenciadas, a principal vantagem seria 

fornecer de forma ilimitada osteoblastos diferenciados e células 

osteoprogenitoras para transplante. (FRANCESCHI; XIAO, 2003; GREEN; 

TODD; HEALTH, 1990; MARIE, 2013; MARIE; KASSEM, 2011; RIMANDO et al., 

2016). 

Dessa maneira, considerando o contexto atual da engenharia de tecidos, 

buscam-se substâncias ativas capazes de atuar como fatores de osteoindução 

para promover a osteogênese de células indiferenciadas (KIMELMAN et al., 

2007; MARIE, 2013; MARIE; KASSEM, 2011). Apesar do crescente número de 

estudos avaliando a sinvastatina como estimulador do metabolismo ósseo, sua 

concentração ideal em meio de cultura e o efeito em meio osteogênico e não 

osteogênico não estão completamente elucidados (KUPCSIK et al., 2009; 

PAGKALOS et al., 2010; ZHOU et al., 2010). Portanto, devido à inconsistência 

quanto à capacidade do SIM em induzir a osteogênese de células 

indiferenciadas como suplementação de meios de cultura não osteogênicos e 

osteogênicos, esta revisão sistemática (RS) teve como objetivo analisar estudos 

que propuseram o SIM como substância osteoindutora em células 

indiferenciadas in vitro. 
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2 OBJETIVOS  
 

2.1 OBJETIVO GERAL  

Realizar uma revisão sistemática da literatura objetivando responder à 

pergunta de pesquisa “A sinvastatina tem potencial osteoindutor em células 

indiferenciadas in vitro?” 

 

2.2 OBJETIVOS ESPECÍFICOS 

• Avaliar a expressão genética e quantificação do RNAm de proteínas 

específicas da osteogênese na presença da SIN; 

• Avaliar a Atividade de Fosfatase Alcalina após a osteoindução com SIN; 

• Avaliar a deposição e mineralização da matriz extracelular após a 

osteoindução com SIN. 

• Avaliar a proliferação celular na presença da SIN. 

• Avaliar a concentração ideal de SIN para a osteoindução. 
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ABSTRACT  

The ability of bone substitutes to stimulate bone formation can be enhanced by 

the addition of osteoinductive substances. This systematic review aimed to 

assess the potential of simvastatin (SIM) to induce the osteogenesis of 

undifferentiated cells in vitro. Studies were selected in a two-phase process. 

Electronic databases (Embase, Latin American and Caribbean Health Sciences, 

PubMed, SCOPUS, and Web of Science) and grey literature (Google Scholar, 

Open Grey, and ProQuest) were assessed up to November 30, 2020. The risk of 

bias in individual studies was assessed through the Office of Health Assessment 

and Translation (OHAT) tool adapted for in vitro studies which evaluated the 

articles in "Definitely Low", "Probably Low", "Probably High", or "Definitely High" 

risk of bias. Fourteen studies that evaluated at least alkaline phosphatase activity 

and extracellular matrix mineralization after osteoinduction were included. The 

risk of bias was considered as “probably low” or “definitely low” for most of the 

questions assessed. High SIM concentrations demonstrated cytotoxic potential 

while concentrations ranging from 0.1 nM to 1 μM stimulated osteogenic 

differentiation when added to the non-osteogenic or osteogenic culture medium. 

A meta-analysis was not possible due to the heterogeneity among the studies. In 

conclusion, SIM supplementation was able to promote osteogenic differentiation 

of undifferentiated cells in both non-osteogenic and osteogenic culture media. 

Also, osteogenic differentiation was highly dependent on the SIM concentration. 
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Graphical abstract 

 

 

Statement of significance  

Considering the current context of tissue engineering, active substances capable 

of acting as osteoinduction factors to promote the osteogenesis of 

undifferentiated cells are sought. Despite the increasing number of studies 

evaluating simvastatin as a bone metabolism stimulator, its ideal concentration in 

culture medium and the effect in the osteogenic and non-osteogenic medium are 

not completed elucidate. Therefore, due to the inconsistency regarding the SIM 

capacity to induce the osteogenesis of undifferentiated cells as supplementation 

of non-osteogenic and osteogenic culture media, this systematic review aimed to 

analyze studies that proposed SIM as an osteoinductive substance in 

undifferentiated cells in vitro. 

Keywords: Statins; Simvastatin; Bone metabolism; Mesenchymal cells; 

Systematic Review. 
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1. Introduction 

Large bone defects caused by trauma, tumors, tooth loss, or periodontal disease 

are challenge situations for clinicians. The use of autologous bone grafts has 

limitations such as morbidity of the donor area and reduced bone availability in 

harvesting sites. For this reason, bone tissue engineering seeks to expand the 

indications of regenerative procedures based on the interaction of three key 

elements: cells, scaffolds, and signaling molecules with osteogenic potential [1–

4].  

The ability of bone substitutes to stimulate bone formation can be enhanced when 

associated with osteoinductive substances. Simvastatin (SIM), a member of the 

statin family [5], is a 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) 

reductase inhibitor and has been employed to treat hyperlipidemia, reduce 

cholesterol biosynthesis, and prevent cardiovascular diseases [6]. Moreover, 

studies have demonstrated that SIM has diverse cholesterol-independent 

functions, including cell differentiation, anti-inflammatory effect, and angiogenesis 

induction [7–9]. 

In calvaria defect models, Mundy et al. (1999) [5] suggested that SIM is a 

potential therapeutic product with an anabolic effect on bone metabolism. In vitro 

data showed an anabolic effect of statins on various cell lines, including human 

immortalized cells [10–12], human and murine osteoblast-like cells [12,13], and 

stem cells, such as murine bone marrow mesenchymal cells (BMSC) [14–17], 

human mesenchymal stem cells [18–21], and murine embryonic stem cells [22]. 

Additionally, studies have been demonstrated that SIM promotes osteoblastic 

differentiation by increasing the expression of type 2 bone morphogenetic protein 

(BMP2), osteopontin, collagen type I, sialoprotein, and osteocalcin. Furthermore, 

SIM activates tumor necrosis factor-alpha (TNF-α) molecules, activating protein 

kinase and reverses SIM suppressive effect, preventing BMP2 inhibition. 

Consequently, the expression of osteogenic markers such as Runx2, 

osteopontin, and alkaline phosphatase may occur [23,24].  

Considering the need for biomaterials capable of inducing bone neoformation 

with osteoinductive properties, there is a demand for a systematic approach to 

synthesize the current evidence on SIM to induce osteogenesis of 

undifferentiated cells in vitro was the present systematic review aim.  
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2. Methods 
 

2.1 Study design 

The systematic review protocol was based on the Cochrane Handbook for 

Systematic Reviews of Interventions [25] and Preferred Reporting Items for 

Systematic Review and Meta-Analysis (PRISMA 2020) checklist guidelines [26]. 

The protocol was registered on the Open Science Framework registration 

platform (10.17605/OSF.IO/GBK5S) on August 26, 2020.  

 

2.2 Eligibility criteria 
2.2.1 Inclusion criteria 

The PICOS acronym (population, intervention, comparison, outcome, and type of 

studies) was used to create the focused question for this SR: “Does simvastatin 

have osteoinductive potential in undifferentiated cells in vitro?” [25], where: 

Population (P): Undifferentiated cells. 

Intervention (I): SIM treatment. 

Comparison (C): No SIM treatment. 

Outcome (O): Osteogenic differentiation.  

Type of studies (S): In vitro studies 

 

Studies were considered eligible when they evaluate the osteogenic 

differentiation of undifferentiated cells treated with SIM. No publication period or 

language restrictions were applied. 

 

2.2.2 Exclusion Criteria 

The following exclusion criteria were considered:  

1) Studies investigating other cell types, such as differentiated cells; 2) Studies 

assessing drug or biomaterial associations that do not present separate data for 

SIM alone; 3) Studies that do not present an untreated control group with the 

same cell type; 4) Studies that do not present a control group without SIM 

treatment; 5) Studies that do not evaluate osteoinduction or osteogenic 

differentiation capacity; 6) Studies that are not in vitro (clinical studies, animal 

studies, conference abstracts, letters, pilot studies, review articles, case reports, 
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protocols, short communications, personal opinions, posters, or book chapters); 

7) Studies that do not specify the culture medium; 8) Studies that do not assess 

at least the alkaline phosphatase (ALP) activity and extracellular matrix (ECM) 

mineralization tests; 9) Full text not available; 10) Duplicated data (e.g. 

dissertations/thesis in which correspondent published articles were available). 

 

2.3 Search strategy  

A search strategy was developed based on PICOS structure using MeSH terms 

and keywords. The following electronic databases were used: Embase, Literature 

of Latin American and Caribbean Health Sciences (LILACS), PubMed, SCOPUS, 

and Web of Science. Additionally, a search strategy was developed for Google 

Scholar web search (first 100 references), Open Grey, and ProQuest. The 

electronic search was performed until July 22, 2021. A manual search on the 

reference list of the identified records was also performed. All records were 

exported to a reference manager software (Mendeley Desktop, Elsevier, London, 

UK), and duplicates were removed. ( Appendix 1) 

 

2.4 Study selection  

A two-phase selection process was performed. Two independent reviewers (LSB 

and ISM) selected the references using an online software [27] (Rayyan, Qatar 

Computing Research Institute, Qatar). In phase one, both reviewers read titles 

and abstracts independently while applying the eligibility criteria. In phase two, 

the reviewers performed a full-text reading while applying the eligibility criteria. In 

both phases, all the retrieved information was cross-checked by a third review 

(MBS). The final selection was always based on the full-text publication. Articles 

that met the eligibility criteria proceeded for data extraction.  

 

2.5 Data collection process  

Two independent reviewers (LSB and ISM) collected data from the selected 

articles. Once selected, they crosschecked the retrieved information with the third 

reviewer (MBS). Any disagreement was discussed among them. The following 

data were extracted for each included study: author, year of publication, country, 

cell type, the origin of cell lines, cell treatment, treatment concentration, methods 



 
 
 

29 

applied, results, and main conclusions. If necessary, corresponding authors of 

the included studies were contacted via e-mail to clarify any missing information 

and/or clarification of methodology and results.  

 

2.6 Risk of Bias Assessment in Individual Studies  
The Office of Health Assessment and Translation (OHAT) risk of bias tool was 

and was used for evaluating individual studies in this systematic review 

(CLARITY Group at McMaster University 2013) [28]. Included studies were 

independently assessed for risk of bias by two reviewers (LSB and ISM). 

Discrepancies between the reviewers were resolved by discussion until 

agreement. The possible answers for OHAT tool questions were “Definitely Low”, 

“Probably Low”, “Probably High”, or “Definitely High” risk of bias, following specific 

criteria detailed in the protocol. 

 

2.7 Summary Measures and Synthesis of Results  
Information concerning gene expression analysis (levels of osteogenic markers), 

bone proteins expression, quantitative staining of ECM mineralization, ALP 

activity or staining, and cell proliferation were considered during the evaluation of 

outcomes. A meta-analysis was planned if the data from included studies were 

deemed to be homogeneous. 

 

3. Results 

 

3.1 Study selection 
In phase one, the electronic search on databases and grey literature retrieved 

2464 records after duplicates removal. A comprehensive evaluation of titles and 

abstracts was performed, resulting in 69 potentially suitable references. After 

that, full-text articles were screened according to the inclusion and exclusion 

criteria. Finally, only 14 articles were included in this systematic review. More 

details are shown in Figure 1. 
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3.2 Study Characteristics 

Included studies were published from 2009 to 2019, thirteen in English language 

[8,15,16,19–21,27,29–34] and one in Chinese language [35]. The studies were 

performed in six countries: China [19,20,30,35–37], Korea  [21,32], South Korea 

[38], Switzerland [39], United Kingdom [31], and Taiwan [29,33,34]. The 

investigations used undifferentiated cell lines from different origins: human 

adipose tissue [19,20], human sinus membrane [21], human bone marrow 

[36,39], murine bone marrow [29,30,33–35,37], murine embryonic cells [31,32], 

and human gingival tissue [38]. Two-dimensional cell cultures were performed in 

13 studies, while one study evaluated three-dimensional cell culture (cell 

spheroids) [38]. Cells received six different treatments: T1 – Non-Osteogenic 

Medium (NOM) [19–21,31,36,39]; T2 - NOM supplemented with SIM [19–

21,31,36,39]; T3 - Osteogenic Medium (OM) [19–21,30–32,34–36,38–40]; T4 - 

OM supplemented with SIM [30,32,34,35,38,40,41]; T5 - NOM changing to OM 

[33,41]; and T6 - NOM changing to OM supplemented with SIM [33,41]. The 

osteogenic differentiation was evaluated by ALP activity or staining assay, gene 

expression by Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR), 

ECM mineralization assay (Von Kossa or Alizarin Red staining), protein 

expression detection by western blot, calcium in ECM, and cell proliferation. 

According to the data provided, the concentration of SIM in Molar measurement 

unit (M) was determined. More details in Table 1. 

 

3.3 Risk of Bias in Individual Studies 

Most of the questions were considered as having a “Probably Low” or a “Definitely 

Low” risk of bias for all included studies. All included studies suggested a 

“Probably High” risk of bias for the questions regarding the randomization of 

administered SIM dose among groups or exposure level, allocation to study 

groups, and blinding of researchers during the study [19–21,30–36,38–41]. Two 

studies [20,21] did not report the complete outcome data without attrition or 

exclusion from analysis, and confidence in the outcome assessment was 

considered having a “Probably High” risk of bias. Additionally, the same studies 

had potential threats to the internal validity since the statistical analysis was not 

described. More details are in Table 2. 
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3.4 Synthesis of Results 

It was impossible to carry out a meta-analysis due to the lack of statistical analysis 

and the heterogeneity among the studies concerning the intervention protocol, 

applied assays, culture medium, and SIM concentration. 

Two studies compared NOM with NOM supplemented with 1 μM SIM [8,21] 

regarding the cell treatment. SIM supplementation promoted better results 

concerning the osteogenic assessment evaluated. Some studies compared the 

effect of NOM, NOM supplemented with SIM, and OM cell treatments, with SIM 

concentrations ranging from 0.1 nM to 10 μM [16,19,20,22]. Concentrations of 

0.1 nM, 0.01 μM, and 0.1 μM promoted the best results regarding the osteogenic 

differentiation [16,19,22], while higher concentrations of SIM, such as 5 μM and 

10 μM, demonstrated a cytotoxic effect [19]. Moreover, cell treatment with 5 μM 

SIM promoted less ALP activity than OM [16], while 1 μM SIM demonstrated less 

ALP activity and ECM mineralization than OM [16,22].  

Studies comparing cell treatment with OM and OM supplemented with SIM used 

SIM concentrations of 1 nM [42], 0.1 μM[35], 0.25 μM [30] 0.3 μM [15] 0.5 μM, 1 

μM [43], and 10 μM [44]. SIM concentrations of 0.25 μM [30] and 0.3 μM [15] 

showed more ALP activity, and ECM mineralization compared to OM and OM 

supplemented with 10 μM SIM [44]. In studies comparing cell treatments of NOM 

changing to OM and NOM changing to OM supplemented with SIM (0.25 μM and 

0.5 μM) [33], the SIM supplementation [33] promoted more ALP activity and ECM 

mineralization. Also, 1 μM SIM promoted more ECM mineralization than NOM 

changing to OM cell treatment, despite that the ALP activity did not increase [29]. 

 

4. Discussion 

Considering the current context of tissue engineering, active substances capable 

of acting as osteoinduction factors to promote the osteogenesis of 

undifferentiated cells are sought. Despite the increasing number of studies 

evaluating SIM as a bone metabolism stimulator, its ideal concentration in culture 

medium and the effect in the non-osteogenic and osteogenic culture medium are 

not entirely elucidated. Therefore, due to these inconsistencies regarding the SIM 

application as supplementation of non-osteogenic and osteogenic media, this 
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systematic review aimed to analyze studies that proposed SIM as an 

osteoinductive substance to promote osteogenesis undifferentiated cells in vitro. 

In summary, SIM promoted osteogenic differentiation by expressing osteogenic 

markers and ECM mineralization in 12 of the 14 included studies. Also, SIM 

supplemented NOM in five studies and OM in seven studies, potentiating the 

osteogenic effect [19–21,30–36,40,41].  

Many studies have suggested that SIM promotes osteogenic differentiation in 

stem cells by increasing the expression of osteogenic markers [5,12,45,46]. 

When cells receive signals to differentiate, they become involved and gradually 

reduce their proliferation while expressing early markers, such as Runt-related 

transcription factor 2 (Runx2), ALP, and osterix (OSX). Late osteogenic markers, 

such as collagen type I, osteopontin, osteonectin, and osteocalcin, are expressed 

during the differentiation process. This sequential upregulation leads to the 

differentiation of stem cells into bone-like cells capable of depositing minerals in 

the ECM [47–49]. 

Two studies included in this systematic review showed that SIM had no potential 

for osteoinduction [38,39]. However, for one of these studies, three-dimensional 

cell culture of OM supplemented with SIM was used, with the limitation of applying 

tests addressed for two-dimensional cultures [38]. The other study used high SIM 

concentrations (1 μM and 5 μM) in NOM [39]. Considering the findings of other 

studies that tested a large range of concentrations, the ability of SIM to promote 

osteogenic differentiation seems to be dependent on the SIM concentration used 

and the type of culture medium [19,31]. When cells were treated with NOM 

supplemented with SIM, greater osteocalcin gene expression, ALP activity, and 

ECM mineralization were compared to NOM cells [21,36]. However, when 

compared to cells treated with OM, cells treated with NOM supplemented with 

SIM showed the expression of different osteogenic markers (osteocalcin, BMP-

2, Cbfa1, osteonectin, collagen type I [20], FGEF [19], and OSX [31]). 

Conversely, cells treated with NOM supplemented with SIM showcased less ECM 

mineralization and ALP activity compared to OM treatment. Also, these findings 

were related to the SIM concentration used [31,39]. According to the studies that 

treated cells with OM supplemented with SIM, SIM enhanced the differentiation 

capacity of OM by expressing genes such as osteocalcin, BMP-2, ALP [30,34,40], 
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OSX, and RUNX 2 [32,34,38,40]. However, the ALP activity and the ECM 

mineralization were dependent of the SIM concentration used 

[30,32,34,35,38,40]. We observed that high SIM concentrations, such as 5 μM 

and 10 μM, were cytotoxic, while concentrations ranging from 0.1 nM to 1 μM 

stimulated osteogenic differentiation, mainly as supplementation of OM 

[19,31,38,39]. 

Regarding the risk of bias, most questions of the OHAT tool were considered as 

“Probably Low” or “Definitely Low” risk of bias for all included studies. It is 

important to mention that low RoB judgments denote that none or minor 

methodological flaws occurred in the assessed studies. Consequently, no or 

small deviations from the true effect estimation befallen, providing confidence in 

interpreting the results[50]. However, in an attempt to improve future studies, it is 

worth mentioning that some studies failed to report the randomization or exposure 

level, allocation concealment to study groups, and blinding of the research group 

during the investigation, being considered with “Probably High” risk of bias [19–

21,30–36,38–41]. Furthermore, two studies presented a “Definitely High” risk of 

bias for not reporting if the outcome data was complete without attrition or 

exclusion from analysis, as well as if there was confidence in the outcome 

assessment, and threats to the internal validity due to the lack of statistical 

analysis [20,21]. Therefore, future experiments concerning in vivo osteogenic 

differentiation of stem cells should be more careful regarding these 

methodological details. It is also primordial not to assume that responses from in 

vitro studies will automatically translate to animal or human model responses. 

Properly design animal studies seem to be the next necessary step.  

Since this systematic review aimed to evaluate the SIM capacity to induce the 

osteogenesis of undifferentiated cells in vitro, further systematic reviews 

assessing this capacity in vivo and clinical studies are indicated.  

 

5. Conclusion 
Based on the findings, SIM supplementation was able to promote osteogenic 

differentiation of undifferentiated cells in both non-osteogenic and osteogenic 

culture media. Also, osteogenic differentiation is highly dependent on the SIM 

concentration. 
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FIGURE LEGENDS 

Table 1: Summary of descriptive characteristics of included articles (n=14)  

Table 2: Risk of Bias in individual studies assessed by the adapted OHAT risk-

of-bias tool 

Figure 1: Flow diagram of literature search and selection criteria 

Appendix 1: Data search strategy  

Appendix 2: Articles excluded and the reasons for exclusion (n=56) 
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4 METODOLOGIA EXPANDIDA 

4.1 DESENHO DO ESTUDO 

O protocolo para a confecção desta SR foi baseado no Cochrane 

Handbook for Systematic Reviews of Interventions (JOHN WILEY & SONS LTD, 

2011) e nas diretrizes da lista de verificação de itens de relatório obrigatórios 

para revisão sistemática e meta-análise (PRISMA-P) (KAMIOKA, 2019). O 

protocolo foi registrado na plataforma de registro Open Science Framework 

(Doi:10.17605/OSF.IO/GBK5S) em 26 de agosto de 2020. 

 

4.2 CRITÉRIOS DE ELEGIBILIDADE 

4.2.1 Critério de inclusão 
O acrônimo PICOS (NEEDLEMAN, 2002) (população, intervenção, 

comparação, resultado e tipo de estudos) foi utilizado para criar a pergunta de 

pesquisa desta RS: “A sinvastatina tem potencial osteoindutor em células 

indiferenciadas in vitro?”, onde: 

População (P): Células indiferenciadas; 

Intervenção (I): tratamento SIN; 

Comparação (C): células indiferenciadas tratadas sem SIN; 

Resultado (O): Diferenciação osteogênica; 

Tipo de estudos (S): estudos in vitro. 

Os estudos foram considerados elegíveis quando avaliam a diferenciação 

osteogênica de células indiferenciadas tratadas com SIN. Nenhum período de 

publicação ou restrições de idioma foram aplicadas. 

4.2.2 Critério de exclusão 
Foram considerados os seguintes critérios de exclusão: 1) Estudos que 

investigassem outros tipos de células, como células diferenciadas; 2) Estudos 

avaliando associações de fármacos ou biomateriais que não apresentam dados 

separados apenas para a SIN; 3) Estudos que não apresentam grupo controle 

não tratado com o mesmo tipo de célula; 4) Estudos que não apresentam grupo 

controle sem tratamento com SIN; 5) Estudos que não avaliam as capacidades 

de osteoindução / diferenciação osteogênica da SIN; 6) Estudos que não sejam 

in vitro (estudos clínicos, estudos em animais, resumos de conferências, cartas, 
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estudos pilotos, artigos de revisão, relatos de casos, protocolos, relatos breves, 

opiniões pessoais, pôsteres ou capítulos de livros); 7) Estudos que não 

especificam o meio de cultura; 8) Estudos que não realizem pelo menos os testes 

de atividade da fosfatase alcalina (ALP) e mineralização da matriz extracelular; 

9) Texto completo não disponível; 10) Dados duplicados (por exemplo, 

dissertações / teses em que os correspondentes artigos publicados estavam 

disponíveis). 

 

4.3 ESTRATÉGIA DE BUSCA 

Uma estratégia de busca foi desenvolvida com base na estrutura PICOS 

usando palavras chaves e Mesh Terms (MeSH). Foram utilizadas as seguintes 

bases de dados eletrônicas: Embase, Literatura Latino-Americana e do Caribe 

em Ciências da Saúde (LILACS), PubMed, SCOPUS e Web of Science. Além 

disso, uma estratégia de busca foi desenvolvida para bases de dados da 

literatura cinzenta como: Google Scholar (primeiras 100 referências), Open Gray 

e ProQuest. A busca eletrônica foi realizada até 30 de novembro de 2020. Uma 

busca manual nas referências dos estudos incluídos também foi realizada. 

Todos os registros encontrados foram exportados para um software gerenciador 

de referências (Mendeley Desktop, Elsevier, London, UK) e as duplicatas foram 

removidas. As estratégias de busca detalhadas estão disponíveis no Apêndice 

1. 

 

4.4 SELEÇÃO DOS ESTUDOS 

Um processo de seleção de duas fases foi realizado. Dois revisores 

independentes (LSB e ISM) selecionaram as referências. Primeiro, na fase um, 

ambos os revisores leram os títulos e resumos de forma independente enquanto 

aplicavam os critérios de elegibilidade utilizando um software online (Rayyan, 

Qatar Computing Research Institute, Qatar). Posteriormente, na fase dois, os 

mesmos dois revisores realizaram a leitura do texto completo também aplicando 

os critérios de elegibilidade. Em ambas as fases, todas as informações 

recuperadas foram cruzadas e conferidas por um terceiro revisor (MBS). A 

seleção final sempre foi feita com base no texto completo do estudo. Os artigos 
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que atenderam aos critérios de elegibilidade tiveram seus dados e resultados 

extraídos. 

 

4.5 PROCESSO DE COLETA DE DADOS 

Dois revisores independentes (LSB e ISM) coletaram os dados dos artigos 

selecionados e as informações obtidas foram conferidas pelo terceiro revisor 

(MBS). Para qualquer desacordo entre os dois primeiros revisores, o terceiro 

revisor tomou a decisão final. Os seguintes dados foram extraídos para cada 

estudo incluído: autor, ano de publicação, país, tipos de células, origem das 

linhagens celulares, tratamento celular, concentração do tratamento, métodos 

aplicados, resultados e principais conclusões. Se necessário, os autores 

correspondentes dos estudos incluídos foram contatados via e-mail para 

esclarecimento de qualquer informação faltante e / ou esclarecimento da 

metodologia e resultados. 

 

4.6 AVALIAÇÃO DE RISCO DE VIÉS 

A ferramenta de risco de viés Office of Health Assessment and Translation 

(OHAT) adaptada para estudos in vitro foi utilizada para avaliar os estudos de 

forma individual nesta revisão sistemática (CLARITY Group at McMaster 

University 2013) [28]. Os estudos incluídos foram avaliados de forma 

independente quanto ao risco de viés por dois revisores (LSB e ISM). 

Discrepâncias entre os revisores foram resolvidas por meio de um acordo com o 

terceiro revisor. As respostas possíveis para as perguntas da ferramenta OHAT 

eram “Definitivamente baixo”, “Provavelmente baixo”, “Provavelmente alto” ou 

“Definitivamente alto” risco de viés, seguindo critérios específicos detalhados no 

protocolo. 

 

4.7 SÍNTESE DOS RESULTADOS 

Informações como: análise da expressão gênica (nível de expressão de 

marcadores osteogênicos), expressão de proteínas ósseas, mineralização da 

matriz extracelular, atividade de fosfatase alcalina e proliferação celular, foram 

consideradas durante a avaliação dos resultados. 
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5 CONSIDERAÇOES FINAIS 
Com base nos achados, a suplementação com SIM foi capaz de promover 

a diferenciação osteogênica de células indiferenciadas em meios de cultura não 

osteogênicos e osteogênicos, se tornando um agente promissor para utilização 

em Engenharia Tecidual. Além disso, a diferenciação osteogênica foi altamente 

dependente da concentração de SIM.
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6.1 TABELA 1 - Resumo das características descritivas dos artigos incluídos (n = 14). 

Table 1: Summary of descriptive characteristics of included articles (n=14) 

Author 
(year); 

Country 
 

Cell Type; 
(origin) 

Treatment 
Type Methods (time) Results Main Conclusions 

Chuang et 
al. 

(2015) 
Taiwan 

mBMSC 
(Murine bone 
marrow – D1 

Cells) 

T5a / T6a 

RT-PCR 
(days 2, 3, and 5) 

ALP Staining 
(day 5) 

Alizarin Red Staining 
(5 until 10 days after OM 

induction) 

T6 (0.5μM SIM) induced the highest BMP-2, ALP, and OC gene 
expression 
(P<0.01) 

 
Positive ALP staining for T6 (0,25μM and 0.5μM SIM) 

(no statistical analyses) 
 

T6 (0.25μM to 1.0μM SIM) promoted the highest Alizarin Red 
Staining (P<0.01) 

SIM stimulated 
osteogenic 

differentiation mediated 
by ERα. 

 
 

Huang et al. 
(2019) 
China 

mBMSC 
(Murine bone 

marrow) 
T3a / T4a 

Proliferation  
(days 3 and 7) 

RT-PCR 
(days 3 and 7) 
ALP Activity 

(days 3 and 7) 
Alizarin Red Staining 
(days 3, 7, and 14) 

Western Blot 
(day 7) 

Similar cell proliferation between groups on day 3; Inhibition of cell 
proliferation from day 7 (T4 – 0,25 μM SIM). 

(P<0.05) 
 

T4 (0.10 μM, 0.025μM SIM) promoted the highest OC and BMP-2 
gene expression on day 7 (P<0.05). T4 (0.25μM SIM) promoted 

the highest ALP, OC, BMP-2, and BMP-9 gene expression on day 
7 (P<0.01). T4 (1.0 μM SIM) induced the highest ALP, OC, and 
BMP-9 gene expression on day 7 (P<0.01). T4 (0.25μM SIM) 

induced the highest ALP, BMP-2, and BMP-9 gene expression on 
day 3 (P<0.05) 

 
T4 (0,25 μM SIM) promoted the highest ALP activity on days 3 

and 7 (P<0.05) 
 

T4 (0.25 μM SIM) and T3 demonstrated negative Alizarin Red 
Staining on day 3. T4 (0.25 μM SIM) promoted positive Alizarin 

Red Staining, while was negative for T3 on days 7 and 14 (P<0.05 
and P<0.01, respectively) 

 
T4 (0.25 μM SIM) promoted more phospho-MEK and phospho-

ERK1/2 proteins expression compared to T3 (P<0.05) 

SIM induced 
osteogenic 

differentiation and 
increased the 

expression levels of 
phospho-MEK and 
phospho-ERK1/2 

proteins of the 
Raf/MEK/ERK 

signaling pathway. 
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Jin et al.  
(2011) 
China 

mBMSC  
(Murine bone 

marrow) 
T3b / T4b 

Gene Expression 
(days 14 to 21) 
ALP Staining 

(day 14) 
Von kossa Staining 

(day 28) 
Observation of cell 

morphology  
(days 14 to 21) 

 
T4 (0.1 μM SIM) promoted more Wnt signaling pathway related 

gene expression (b-catenin and Cbfa1) than T3 on days 14 and 21 
(P<0.05) 

 
T4 promoted positive ALP staining, while for T3 was negative on 

day 14 (P<0.05) 
 

T4 demonstrated positive Von Kossa staining, while the result was 
negative for T3 on day 28 (P<0.05) 

 
T3 and T4 induced osteoblastic-shaped cells. However, T4 

promoted more cell growth and extracellular matrix secretion. 
 

SIM promoted 
osteogenic 

differentiation and 
expression of genes 
related to the Wnt 
signaling pathway. 

Kupcsik et 
al.  

(2015) 
Switzerland  

hBMSC  
(Human bone 

marrow) 

T1b / T2b / 
T3c 

RT-PCR 
(days 4, 11, and 18)  

ALP activity 
(day 11) 

Von kossa Staining 
(day 25) 

45Ca Incorporation (days 
18 and 25) 

 

 
T2 (1μM and 5μM SIM) promoted the highest BMP-2 gene 

expression compared to T1 and T3 on day 4 (P<0.05). 
BMP-2 gene expression increased in T1 and decreased in T3 on 
days 11 and 18 (P<0.05). T2 promoted the ALP gene expression 
suppression on days 4, 11, and 18. T3 increased the ALP gene 

expression on day 4 (P<0.05) 
 

T3 demonstrated the highest ALP activity compared to T1 and T2 
(1μM and 5μM SIM) (P<0.05) 

 
T2 (1μM and 5μM SIM) and T3 demonstrated positive Von Kossa 

staining (no statistical analyses) 
 

T2 (1μM and 5μM SIM) and T3 demonstrated positive 
45Ca incorporation in extracellular matrix on days 18 and 25  

(no statistical analyses) 
 

 

SIM was not 
considered suitable for 

bone tissue 
engineering 

applications as 
osteogenic factor due 

to its long-term 
cytotoxicity effect. 
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Lee et al. 
(2019) 
South 
Korea 

GMSC 
Spheroids 
(Human 
gengiva) 

T3d / T4d 

RT-PCR 
(day 7) 

ALP Activity 
(day 14) 

Alizarin Red Staining 
(days 7 and 14) 

 

 
T4 (10.0μM SIM) promoted the highest Collagen I (P<0.05) and 

RUNX2 (P<0.01) gene expression 
 

T4 (1μM and 10μM SIM) did not demonstrate ALP activity on day 
14. T3 showed ALP activity that decreased with the SIM addition 

(P<0.05) 
 

T3 demonstrated positive Alizarin Red staining, while was 
negative for T4 (1.0μM and 10.0μM SIM) on days 7 and 14  

(no statistical analyses) 
 

SIM enhanced 
Collagen I and RUNX2 
expression but did not 
lead to increase ALP 
activity and Alizarin 
Red Staining, not 

promoting osteogenic 
differentiation 
compared to 

osteogenic medium. 

Niu et al. 
(2015) 
China 

 

hBMSC  
(Human bone 

marrow) 

T1a / T2a 
 

RT-PCR 
(day 14) 

ALP activity 
(days 1 and 7) 

Von kossa Staining 
(day 21) 

 

 
T2 (1.0μM SIM) promoted the OC and Bone Sialoprotein gene 

expression (no statistical analyses) 
 

*No ALP activity for T1 and T2 on day 1; T2 (1.0μM SIM) 
promoted the highest ALP activity on day 7 (P<0.05) 

 
T1 and T2 demosntrated positive Von Kossa Staining on day 21 

(no statistical analyses) 
 

Treatment with 1μM of 
SIM induced 
osteogenic 

differentiation of 
BMSCs without altering 

their 
immunomodulatory 

properties. 
 

Pagkalos et 
al. 

(2010) 
United 

Kingdom 

mESC 
(Murine 

embryonic cells 
- E14Tg2α) 

T1c / T2c / 
T3e 

RT-PCR 
(day 12)  

ALP activity 
(days 4, 8, 12, 16, and 21) 

Alizarin Red Staining 
(days 12, 16, and 21) 

 

 
T2 (0.1nM and 0.1μM SIM) promoted the highest OC gene 

expression (P<0.05), while T2 (0.1nM and 0.1μM SIM) and T3 
induced the highest OSX gene expression (P<0.05) 

 
T2 (0.1nM SIM) and T3 promoted the highest ALP activity on day 

8 (P<0.05) 
 
 

Alizarin Red staining was positive for T2 (0.1μM and 1.0μM SIM) 
on day 12; for T2 (0.1nM and 0.1μM SIM) and T3 on days 16 and 
21. T2 (0.1nM and 0.1μM SIM) promoted higher staining than T2 

(1.0μM SIM) and T3 on days 16 and 21 (P<0.05) 
 

High concentrations of 
SIM (0.1μM and 
1.0μM) and an 

optimally effective 
concentration of 0.1 

nM promotes 
osteogenic 

differentiation of ESCs. 
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Qiao et al. 
(2011) 
Korea 

mESC 
(Murine 

embryonic cells, 
D3 line (ATCC)) 

T3f / T4f 
(Cells are 

pre-
induced for 
1 day with 
OM prior to 
treatment) 

RT-PCR 
(day 4) 

ALP Activity 
(days 4 and 7) 

Alizarin Red Staining 
(days 7 and 14) 

Western Blot 
(day 7) 

T4 (1.0nM SIM) promoted the highest RUNX2 gene expression, 
T4 (0.01μM and 0.01μM SIM) promoted the highest RUNX2, OSX, 

OC genes  and T4 (0.2μM) promote the highest OSX gene. 
(P<0.05) 

 
There was no ALP activity on day 4. T4 (1.0nM, 0.01μM, 0.1μM, 

and 0.2μM SIM) promoted the highest ALP activity on day 7 
(P<0.05) 

 
T4 (0.1μM and 0.2μM SIM) induced the highest Alizarin Red 

staining on day 7 (P<0.05). T4 (1.0nM, 0.01μM, 0.1μM, and 0.2μM 
SIM) promoted the highest Alizarin Red staining on day 14 

(P<0.01) 
 

T4 (1.0nM, 0.01μM, 0.1μM, and 0.2μM SIM) promoted the highest 
OC, OPN, and Collagen I protein expression (P<0.05) 

 

SIM stimulated the 
osteogenic 

differentiation and the 
Wnt signaling pathway 

contributed to this 
process. 

Shao et al. 
(2019) 
Taiwan 

mBMSC 
(Murine bone 
marrow – D1 

Cells) 

T5b / T6b 

RT-PCR 
(day 3) 

ALP Activity 
(1 day after OM induction – 

day 4) 
Alizarin Red Staining 

(5 days after OM induction 
– day 7) 

Calcium Deposition (5 days 
after OM induction – day 7) 

T6 (0.25μM SIM) promoted the highest BMP-2, ALP, RUNX2, OC 
(P<0.05), and Collagen I (P<0.01) gene expression. T5 (0.5μM 

SIM) – ALP, OC (P<0.05) and BMP-2, RUNX2, Collagen I 
(P<0.01). 

 
T6 (0.25μM and 0.5μM SIM) demonstrated the highest ALP 

activity (P<0.05) 
 

T6 (0.25μM and 0.5μM SIM) promoted the highest Alizarin Red 
staining (P<0.05) 

 
T6 (0.25μM SIM) (P<0.05) and T6 (0.5μM SIM) (P<0.01) promoted 

the highest calcium deposition on extracellular matrix 

SIM promoted 
osteogenic 

differentiation. 

Sun et al. 
(2009) 
China 

ADSC  
(Human adipose 

tissue) 

T1d / T2d / 
T3g 

 
RT-PCR 

(days 1, 3, 6, 7, 9, and 12) 
ALP Staining  

(days 3, 6, 7, 9, 12, 14, 21, 
and 28) 

Von kossa Staining 
(days 3, 6, 7, 9, 12, 14, 21, 

and 28) 
 

T2 (1.0μM SIM) promoted the OC, cbfa1, Collagen I, OSN, and 
BMP-2 gene expression on days 3, 6, 7, 9, and 12 

(no statistical analyses) 
 

T1 (1.0μM SIM) and T3 showed positive ALP staining from the day 
6 and 7, respectively (no statistical analyses) 

 
T1 (1.0μM SIM) and T3 showed positive Von Kossa staining from 

the day 6 and 7, respectively (no statistical analyses) 

SIM increased the 
osteogenic 
differentiation. 
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Tai et al. 
(2015) 
Taiwan 

mBMSC  
(Murine bone 
marrow – D1 

Cells) 

T3j / T4j 

RT-PCR 
(12, 24, and 48 hours) 

ALP Staining 
(day 3) 

Alizarin Red Staining 
(day 5) 

 

 
T4 (1.0μM SIM) promoted the highest OC gene expression on 12 

and 24 hours, while T4 (0.5μM and 1.0μM SIM) promoted the 
highest expression on 48 hours. 

T4 (1.0μM SIM) promoted the highest RUNX2 gene expression on 
12, 24, and 48 hours, while T4 (0.5μM SIM) induced the highest 
gene expression on 24 and 48 hours and T4 (0.1μM SIM) on 24 

hours. 
T4 (1.0μM SIM) promoted the highest BMP-2 gene expression on 
12, 24, and 48 hours, while T4 (0.1μM and 0.5μM SIM) promoted 

the highest expression on 12 hours (P<0.05). 
 

T4 (0.5μM and 1.0μM SIM) induced the highest ALP stanning 
(P<0.05) 

 
T4 (0.5μM and 1.0μM SIM) induced the highest Alizarin 

Red stanning (P<0.05) 
 

SIM enhanced the 
osteogenic 

differentiation by 
activating the 

RhoA/actin/cell rigidity 
signaling pathway. 

 

Yun et al. 
(2013) 
Korea 

SMSC 
(Human sinus 

maxillary 
membrane) 

T1d / T2d 

RT-PCR 
(days 3, 6, 9, and 12) 

Western Blot 
(day 3) 

ALP Staining 
(days 3, 6, 9, and 12) 
Von kossa Staining 

(days 3, 6, 9, and 12) 
 

T2 (1.0μM SIM) promoted the highest OC gene expression from 
day 3 (no statistical analyses). 

 
T2 (0.1, 0.2, 0.5, 1.0 and 2.0μM SIM) promoted the highest BMP-2 

protein expression (no statistical analyses). 
 

 
T2 (1.0μM SIM) demonstrated positive ALP staining from day 3 

(no statistical analyses) 
 

T2 (1.0μM SIM) showed positive Von Kossa staining from day 6 
(no statistical analyses) 

SIM promoted 
osteogenic 

differentiation of SMSC 
and can be used on 

tissue engineer. 
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Zhang et al. 
(2018) 
China 

mBMSC  
(Murine bone 

marrow) 

 
 
 
 
 
 
 

T3h / T4h 
 
 
 
 
 
 
 

 

Proliferation 
(day 1) 

RT-PCR 
(day 7) 

ALP Activity 
(day 7) 

ALP Staining 
(day 7) 

Alizarin Red Staining 
(day 7) 

Western Blot 
(day 7) 

Cell proliferation was observed at 1.0 nM and 3 nM SIM, with no 
proliferation at 0.3 nM SIM (P<0.01) 

 
T4 (0.3 nM SIM) promoted the highest OC, RUNX2, OSX, and 

ALP gene expression (P<0.001) 
 

T4 (0.3 nM SIM) showed the highest ALP activity (P<0.01) 
 

T4 (0.3 nM SIM) promoted the highest ALP staining (P<0.05) 
 

T4 (0.3 nM SIM) demonstrated the highest Alizarin Red staining 
(P<0.05) 

 
T4 (0.3 nM SIM) promoted the highest ALP, RUNX2, OC, and 

OSP protein expression (P<0.05) 
 

SIM promoted the 
osteogenic 

differentiation, and the 
mechanism may be 

related of Wnt/β-
catenin pathway. 

 

Zhou et al. 
(2010) 
 China 

ADSC 
(Human adipose 

tissue) 

T1e / T2e / 
T3i 

Proliferation 
(day 1 to 9) 

RT-PCR 
(day 3) 

ALP Activity 
(days 6 and 14) 

Alizarin Red Staining 
(day 14) 

T2 (10μM and 5μM SIM) inhibited the cell proliferation from day 3 
 

T2 (0,01 μM, 0,1 μM, and 1 μM SIM) promoted the OC, Cbfa1, 
BMP-2, VEGF, and FGF-2 gene expression, while T3 promoted 

the Cbfa1 and OC gene expression 
(no statistical analyses) 

 
No ALP activity was observed on day 6. T2 (1μM, 0.1μM, and 

0.01μM SIM) and T3 promoted more ALP activity than T1 (P<0.05) 
on day 14 

 
T2 (1μM, 0.1μM, and 0.01μM SIM) and T3 promoted more Alizarin 

Red staining than T1 (P<0.05) on day 14 
 

SIM induced the 
osteogenic 

differentiation, 
depending on its 
concentration. 

Concentrations of 
0.01μM, 0.1μM, and 

especially 1μM 
promoted the highest 

differentiation. 

 
Treatment type composition: 
T1 – Non-Osteogenic Medium (NOM).  
T2 – SIM + NOM.  
a.) Dulbecco's modified essential medium (DMEM) +10% Bovine Fetal Serum (FBS) + 2 mol/L glutamine + 100 U/mL penicillin + 100 U/mL streptomycin. 
b.) Minimum Essential Medium alfa (α-MEM) + 10% FBS + non-essential amino acids + 10 mmol/L β-glycerophosphate + 0.1 mmol/L ascorbic acid. 
c.) α-MEM + 15% FBS + 1% penicillin/streptomycin + 10 mmol/L β-glycerophosphate. 
d.) α-MEM + 10% FBS + 1% penicillin/streptomycin. 
e.) DMEM +10% FBS + 100 U/mL penicillin + 100/mL streptomycin. 
f.) α-MEM + 10% FBS + 1% penicillin/streptomycin. 
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T3 – Osteogenic Medium (OM).  
T4 – SIM + OM. 
a.) Roswell Park Memorial Institute 1640 Medium (RPMI1640) + 10% BFS + 0.2 mmol/L ascorbic acid + 10 nmol/L dexamethasone + 10 mM β-glycerophosphate. 
b.) DMEM + 10% FBS + 100U/mL penicillin + 100mg/mL streptomycin + 50 mg/L vitamin C + 10-8mol/L dexamethasone. 
c.) α-MEM + 10% FBS + non-essential amino acids + 10 mmol/L β-glycerophosphate + 0.1 mmol/L ascorbic acid + 10 nmol/L dexamethasone; 
d.) α-MEM + 15%FBS + 100 U/mL penicillin + 100 μg/mL streptomycin + 200 mmol/L L-glutamine +10 mmol/L ascorbic acid + 38 μg/mL dexamethasone. 
e.) α-MEM + 15%FBS + 1% penicillin/streptomycin + 10 mmol/L β-glycerophosphate + 50mg/mL ascorbic acid + 1 mmol/L dexamethasone. 
f.) α-MEM +5% FBS + 50 μg/mL ascorbic acid + 1 μmol/L dexamethasone + 3 mmol/L β-glycerophosphate. 
g.) α-MEM + 10% FBS + 1% penicillin/streptomycin + 0.1 μmol/L dexamethasone + 10μmol/L β-glycerophosphate + 50 μmol/L ascorbic acid. 
h.) DMEM + 10% FBS + 1% penicillin/streptomycin + 10μmol/L β-glycerophosphate + 50 μmol/L ascorbic acid. 
i.) DMEM +10% FBS + 100 U/mL of penicillin + 100 U/mL of streptomycin + 1 μmol/L dexamethasone 
j.) DMEM + 10% FBS +100 μg/mL ascorbic acid + 100 μg/mL non-essential amino acids + 100 μg/mL penicillin/streptomycin + 0.2 mmol/L ascorbic acid + 100 nmol/L 

dexamethasone. 
T5 – NOM changing to OM.  
T6 – SIM + NOM changing to OM. 
a.) MEM + 10% SFB + 100 U/mL of penicillin + 100 mg/mL non-essential amino acids + 50 μg/mL ascorbic acid / DMEM + 10% SFB + 100 U/mL of penicillin + 100 

mg/mL non-essential amino acids + 50 μg/mL ascorbic acid + 10 mmol/L β-glycerophosphate + 0.1 μmol/L dexamethasone (NOM changes to OM on day 5. Alizarin 
Red staining performed 5 days after medium changes). 

b.) DMEM + 10% SFB + 100 U/mL of penicillin/ streptomycin + 100 μg/mL ascorbic acid / DMEM + 10% SFB + 100 U/mL of penicillin + 100 mg/mL non-essential amino 
acids + 50 μg/mL ascorbic acid + 10 mmol/L β-glycerophosphate + 0.1 μmol/L dexamethasone (NOM changes to OM on day 3. ALP assay was performed 1 day 
after medium changes. Alizarin Red staining and calcium deposition analysis were performed 5 days after medium changes). 

 
Legend: 
OC – Osteocalcin 
OSX – Osterix 
ONC – Osteonectin 
BMP-2 – Bone Morphogenetic Protein-2 
ALP – Alkaline Phosphatase 
Cbfa – Core-binding factor subunit alpha-1 
hBMSC – Human Bone Marrow Stem Cells 
mBMSC – Murine Bone Marrow Stem Cells 
GMSC – Gingiva-derived Stem Cells 
mESC – Murine Embryonic Stem Cells 
ADSC – Adipose-derived Stem Cells 
SMSC – Sinus Maxillary Stem Cells 
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6.2 TABELA  2 – Risco de viés dos estudos individuais pela ferramenta OHAT risk-of-bias adaptada. 

 

Bias Domains and Questions 
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01
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Selection Bias 

1. Was administered dose or exposure level adequately randomized? - - - - - - - - - - - - - - 

2. Was allocation to study groups adequately concealed? - - - - - - - - - - - - - - 

Performance Bias 

5. Were experimental conditions identical across study groups? ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

6. Were the research personnel and human subjects blinded to the study group during the 
study? - - - - - - - - - - - - - - 

Attrition/Exclusion Bias 

7. Were outcome data complete without attrition or exclusion from analysis? ++ ++ ++ ++ ++ + ++ ++ ++ - ++ - ++ + 

8. Can we be confident in the exposure characterization? ++ ++ ++ ++ ++ ++ ++ + ++ ++ ++ ++ ++ ++ 

9. Can we be confident in the outcome assessment? ++ ++ ++ ++ ++ + ++ ++ ++ - ++ - ++ + 

Selective Reporting Bias 

10. Were all measured outcomes reported? ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 

Other Soucers of Bias 

11. Were there no other potential threats to internal validity (e.g., statistical methods were 
appropriate, and researchers adhered to the study protocol)? ++ ++ ++ ++ ++ + ++ ++ ++ - ++ - ++ + 

 Table 2 - Risk of Bias in individual studies assessed by the adapted OHAT risk-of-bias tool. 
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Answer Format 

++ 

 
Definitely Low risk of bias: 
There is direct evidence of low risk of bias practices. 
(May include specific example of low risk of bias practices). 
 

+ 

 
Probably Low risk of bias: 
There is indirect evidence of low risk of bias practices OR it is deemed that deviations from low risk of 
bias practices for these criteria during de study would not appreciably bias results, including 
consideration of direction and magnitude of bias. 
 

-  
Probably High risk of bias: 
There is indirectly evidence of high risk of bias practices OR there is insufficient information (e.g., not 
reported or “NR”) provided about relevant risk of bias practices. 
 

--  
Definitely High risk of bias: 
There is direct evidence of high risk of bias practices. 
(May include specific example of high risk of bias practices). 
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7 FIGURAS 

7.1 FIGURA 1 – Fluxograma de pesquisa e critérios de seleção. 

Figure 1 – Flow Diagram of literature search and selection criteria 
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8 APÊNDICES 

8.1 APENDICE 1 – Estratégia de busca 

Appendix 1 - Data search strategy. 

Database 
Search query, 

2020, November 30th 

PubMed 

"Stem Cells" OR "Stem Cell" OR "Progenitor Cells" OR "Progenitor Cell" OR "Mother 

Cells" OR "Mother Cell" OR "Colony Forming Unit" OR "Colony Forming Units" OR 

"undifferentiated cells" OR Pericytes OR Pericyte OR "Rouget Cells" AND 

"Simvastatin" OR Zocor OR "MK 733" OR "MK733" OR Synvinolin OR 

"Hydroxymethylglutaryl CoA Reductase Inhibitors" OR "HMG CoA Reductase 

Inhibitors" OR "HMG CoA Statins" OR "Hydroxymethylglutaryl CoA Inhibitors" OR 

Statins OR "Hydroxymethylglutaryl Coenzyme A Inhibitors" AND “Osteogenesis” OR 

"bone formation" OR Ossification* OR Osteoclastogenesis OR "osteoinduction" OR 

osteoinduct* OR "Cell Differentiation" OR "Cell Differentiations" OR "Cell Growth 

Processes" OR "Bone Morphogenetic Proteins" OR "Bone Morphogenetic Protein" OR 

"Alkaline Phosphatase" OR Osteocalcin OR "Core Binding Factor Alpha 1 Subunit" OR 

"Runx2 Protein" AND “Osteogenesis” OR "bone formation" OR Ossification OR 

Ossifications OR Osteoclastogenesis OR osteoinduction OR osteoinducting OR 

osteoinductive OR osteoinductivity OR "Cell Differentiation" OR "Cell Differentiations" 

OR "Cell Growth Processes" OR "Bone Morphogenetic Proteins" OR "Bone 

Morphogenetic Protein" OR "Alkaline Phosphatase" OR Osteocalcin OR "Core Binding 

Factor Alpha 1 Subunit" OR "Runx2 Protein" 

LILACS 

(English, 

Portuguese 

and Spanish) 

 ("Stem Cells" OR "Stem Cell" OR "Progenitor Cells" OR "Progenitor Cell" OR "Mother 

Cells" OR "Mother Cell" OR "Colony Forming Unit" OR "Colony Forming Units" OR 

"Undifferentiated Cells" OR Pericytes OR Pericyte OR "Rouget Cells" OR "Células-

Tronco" OR "Células Básicas" OR "Células Mãe" OR "Células Precursoras" OR 

"Células Primitivas" OR "Células Primordiais" OR "Células Progenitoras" OR "Células 

Tronco" OR "Unidades Formadoras de Colônias" OR "Pericitos" OR "Células de 

Rouget" OR "Células Madre" OR "Células Básicas" OR "Células Primitivas" OR 

"Células Primordiales" OR "Células Progenitoras" OR "Células Troncales" OR 

"Unidades que Forman Colonias") AND ("Simvastatin" OR Zocor OR "MK 733" OR 

"MK733" OR Synvinolin OR "Hydroxymethylglutaryl CoA Reductase Inhibitors" OR 

"HMG CoA Reductase Inhibitors" OR "HMG CoA Statins" OR "Hydroxymethylglutaryl 
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CoA Inhibitors" OR Statins OR "Hydroxymethylglutaryl Coenzyme A Inhibitors" OR 

"Sinvastatina" OR "Inibidores da Hidroximetilglutaril-CoA Redutases" OR "Estatinas" 

OR "Estatinas de HMG-CoA" OR "Inibidor de Hidroximetilglutaril-CoA Redutases" OR 

"Inibidores de HMG-CoA Redutases" OR "Simvastatina" OR "Inhibidores de 

Hidroximetilglutaril-CoA Reductasas" OR "Estatinas HMG-CoA" OR "Inhibidor de 

Hidroximetilglutaril-CoA Reductasas" OR "Inhibidor de Hidroximetilglutaril-CoA-

Reductasa" OR "Inhibidor de las Hidroximetilglutaril-CoA Reductasas" OR "Inhibidores 

de HMG CoA Reductasa") AND (Osteogenesis OR "bone formation" OR Ossification* 

OR Osteoclastogenesis OR "osteoinduction" OR osteoinduct* OR "Cell Differentiation" 

OR "Cell Differentiations" OR "Cell Growth Processes" OR "Bone Morphogenetic 

Proteins" OR "Bone Morphogenetic Protein" OR "Alkaline Phosphatase" OR 

Osteocalcin OR "Core Binding Factor Alpha 1 Subunit" OR "Runx2 Protein" OR 

Osteogênese OR "Formação dos Ossos" OR "Formação Óssea" OR Ossificação OR 

"Ossificação Endocondral" OR "Ossificação Fisiológica" OR Osteoclastogênese OR 

Osteoindução OR "Diferenciação Celular" OR "Processos de Crescimento Celular" OR 

"Processos de Crescimento da Célula" OR "Proteínas Morfogenéticas Ósseas" OR 

"Proteínas Morfogenéticas do Osso" OR "Proteínas Morfogênicas do Osso" OR 

"Proteínas Morfogênicas Ósseas" OR "Proteínas Ósseas Morfogenéticas" OR 

"Fosfatase Alcalina" OR Osteocalcina OR "Gla-Proteína Óssea" OR "Proteína de 

Ligação a Cálcio Dependente de Vitamina K" OR "Proteína de Ligação a Cálcio 

Vitamina K-Dependente" OR "Proteína Óssea Dependente de Vitamina K" OR 

"Proteína Óssea Vitamina K-Dependente" OR "Subunidade alfa 1 de Fator de Ligação 

ao Core" OR Osteogénesis OR "Formación del Hueso" OR Osificación OR "Osificación 

Endocondral" OR "Osificación Fisiológica" OR Osteoclastogénesis OR Osteoinducción 

OR "Diferenciación Celular" OR "Procesos de Crecimiento Celular" OR "Proteínas 

Morfogenéticas Óseas" OR "Proteínas Morfogenéticas de Hueso" OR "Proteínas 

Óseas Morfogenéticas" OR "Fosfatasa Alcalina" OR "Gla-Proteína Ósea" OR 

"Proteína Gla del Hueso" OR "Proteína de Unión a Calcio Dependiente de Vitamina K" 

OR "Proteína de Unión a Calcio Vitamina K-Dependiente" OR "Proteína Ósea 

Dependiente de Vitamina K" OR "Proteína Ósea Vitamina K-Dependiente" OR 

"Subunidad alfa 1 del Factor de Unión al Sitio Principal" OR "Subunidad alfa del CBF") 

SCOPUS 
(TITLE-ABS-KEY("Stem Cells" OR "Stem Cell" OR "Progenitor Cells" OR "Progenitor 

Cell" OR "Mother Cells" OR "Mother Cell" OR "Colony Forming Unit" OR "Colony 
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Forming Units" OR "undifferentiated cells" OR Pericytes OR Pericyte OR "Rouget 

Cells") AND TITLE-ABS-KEY(Simvastatin OR Zocor OR "MK 733" OR "MK733" OR 

Synvinolin OR "Hydroxymethylglutaryl CoA Reductase Inhibitors" OR "HMG CoA 

Reductase Inhibitors" OR "HMG CoA Statins" OR "Hydroxymethylglutaryl CoA 

Inhibitors" OR Statins OR "Hydroxymethylglutaryl Coenzyme A Inhibitors") AND TITLE-

ABS-KEY(Osteogenesis OR "bone formation" OR Ossification* OR 

Osteoclastogenesis OR "osteoinduction" OR osteoinduct* OR "Cell Differentiation" OR 

"Cell Differentiations" OR "Cell Growth Processes" OR "Bone Morphogenetic Proteins" 

OR "Bone Morphogenetic Protein" OR "Alkaline Phosphatase" OR Osteocalcin OR 

"Core Binding Factor Alpha 1 Subunit" OR "Runx2 Protein") 

EMBASE 

('stem cells'/exp OR 'stem cells' OR 'stem cell'/exp OR 'stem cell' OR 'progenitor 

cells' OR 'progenitor cell'/exp OR 'progenitor cell' OR 'mother cells' OR 'mother 

cell'/exp OR 'mother cell' OR 'colony forming unit'/exp OR 'colony forming 

unit' OR 'colony forming units' OR 'undifferentiated cells' OR 'pericytes'/exp 

OR pericytes OR 'pericyte'/exp OR pericyte OR 'rouget cells') AND 

('simvastatin'/exp OR simvastatin OR 'zocor'/exp OR zocor OR 'mk 733'/exp OR 'mk 

733' OR 'mk733'/exp  OR 'mk733' OR 'synvinolin'/exp 

OR synvinolin OR 'hydroxymethylglutaryl coa reductase inhibitors'/exp 

OR 'hydroxymethylglutaryl coa reductase inhibitors' OR 'hmg coa reductase 

inhibitors'/exp OR 'hmg coa reductase inhibitors' OR 'hmg coa 

statins' OR 'hydroxymethylglutaryl coa inhibitors' OR 'statins'/exp 

OR statins OR 'hydroxymethylglutaryl coenzyme a inhibitors') AND 

('osteogenesis'/exp OR osteogenesis OR 'bone formation'/exp OR 'bone 

formation' OR 'ossification'/exp 

OR ossification OR ossifications OR 'osteoclastogenesis'/exp 

OR osteoclastogenesis OR 'osteoinduction'/exp 

OR osteoinduction OR osteoinducting OR osteoinductive OR 'osteoinductivity'/exp 

OR osteoinductivity OR 'cell differentiation'/exp OR 'cell differentiation' OR 'cell 

differentiations' OR 'cell growth processes'/exp OR 'cell growth processes' OR 'bone 

morphogenetic proteins'/exp OR 'bone morphogenetic proteins' OR 'bone 

morphogenetic protein'/exp OR 'bone morphogenetic protein' OR 'alkaline 

phosphatase'/exp OR 'alkaline phosphatase' OR 'osteocalcin'/exp 
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OR osteocalcin OR 'core binding factor alpha 1 subunit'/exp OR 'core binding factor 

alpha 1 subunit' OR 'runx2 protein'/exp OR 'runx2 protein') 

Web of 

Science 

TS=("Stem Cells" OR "Stem Cell" OR "Progenitor Cells" OR "Progenitor Cell" OR 

"Mother Cells" OR "Mother Cell" OR "Colony Forming Unit" OR "Colony Forming Units" 

OR "undifferentiated cells" OR Pericytes OR Pericyte OR "Rouget Cells") AND 

TS=(Simvastatin OR Zocor OR "MK 733" OR "MK733" OR Synvinolin OR 

"Hydroxymethylglutaryl CoA Reductase Inhibitors" OR "HMG CoA Reductase 

Inhibitors" OR "HMG CoA Statins" OR "Hydroxymethylglutaryl CoA Inhibitors" OR 

Statins OR "Hydroxymethylglutaryl Coenzyme A Inhibitors") AND TS=(Osteogenesis 

OR "bone formation" OR Ossification* OR Osteoclastogenesis OR "osteoinduction" OR 

osteoinduct* OR "Cell Differentiation" OR "Cell Differentiations" OR "Cell Growth 

Processes" OR "Bone Morphogenetic Proteins" OR "Bone Morphogenetic Protein" OR 

"Alkaline Phosphatase" OR Osteocalcin OR "Core Binding Factor Alpha 1 Subunit" OR 

"Runx2 Protein") 

Grey Literature 

Open Gray 

("Stem Cells" OR "Stem Cell" OR "Progenitor Cells" OR "Progenitor Cell" OR "Mother 

Cells" OR "Mother Cell" OR "Colony Forming Unit" OR "Colony Forming Units" OR 

"undifferentiated cells" OR Pericytes OR Pericyte OR "Rouget Cells") AND 

("Simvastatin" OR Zocor OR "MK 733" OR "MK733" OR Synvinolin OR 

"Hydroxymethylglutaryl CoA Reductase Inhibitors" OR "HMG CoA Reductase 

Inhibitors" OR "HMG CoA Statins" OR "Hydroxymethylglutaryl CoA Inhibitors" OR 

Statins OR "Hydroxymethylglutaryl Coenzyme A Inhibitors") AND (Osteogenesis OR 

"bone formation" OR Ossification* OR Osteoclastogenesis OR "osteoinduction" OR 

osteoinduct* OR "Cell Differentiation" OR "Cell Differentiations" OR "Cell Growth 

Processes" OR "Bone Morphogenetic Proteins" OR "Bone Morphogenetic Protein" OR 

"Alkaline Phosphatase" OR Osteocalcin OR "Core Binding Factor Alpha 1 Subunit" OR 

"Runx2 Protein") 

ProQuest 

noft("Stem Cells" OR "Stem Cell" OR "Progenitor Cells" OR "Progenitor Cell" OR 

"Mother Cells" OR "Mother Cell" OR "Colony Forming Unit" OR "Colony Forming Units" 

OR "undifferentiated cells" OR Pericytes OR Pericyte OR "Rouget Cells") AND 

("Simvastatin" OR Zocor OR "MK 733" OR "MK733" OR Synvinolin OR 

"Hydroxymethylglutaryl CoA Reductase Inhibitors" OR "HMG CoA Reductase 

Inhibitors" OR "HMG CoA Statins" OR "Hydroxymethylglutaryl CoA Inhibitors" OR 
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Statins OR "Hydroxymethylglutaryl Coenzyme A Inhibitors") AND (Osteogenesis OR 

"bone formation" OR Ossification* OR Osteoclastogenesis OR "osteoinduction" OR 

osteoinduct* OR "Cell Differentiation" OR "Cell Differentiations" OR "Cell Growth 

Processes" OR "Bone Morphogenetic Proteins" OR "Bone Morphogenetic Protein" OR 

"Alkaline Phosphatase" OR Osteocalcin OR "Core Binding Factor Alpha 1 Subunit" OR 

"Runx2 Protein") 

Google 

Schoolar 

"Undifferentiated Cells" AND "Simvastatin" AND “Cell Differentiation” AND “Bone 

Formation” 
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8.2 APÊNDICE 2 – Estudos excluídos e razão para exclusão. 

Aeppendix 2 - Articles excluded and the reasons for exclusion (n=56) 

 

Author, Year Reason for Exclusion* 

Aly et al. (2018) 8 

Arpornmaeklong et al. (2017) 2 

Baek et al.  (2005) 8 

Biouki et al. (2019) 2 

chi et al. (2019) 7 

Cui et al.  (2013) 5 

Feng et al. (2020) 7 

Huang et al. (2014) 2 

Huang et al. (2019) 5 

Hungaro et al. (2017) 2 

Janz et al. (2014) 8 

Kamada et al. (2017) 8 

Kim et al. (2011) 1 

Lai et al. (2018) 2 

Lai et al. (2019) 1 

Lee et al. (2016) 2 

Lee et al. (2018) 2 

Li et al. (2018) 2 

Liu et al. (2009) 8 

Liu et al. (2014) 2 

Liu et al. (2014) 8 

Liu et al. (2016) 8 

Matos et al. (2015) 2 

Park et al. (2012) 1 

Pullisaar et al. (2014) 2 

Qi et al. (2013) 2 

Qing et al. (2019) 4 

Rostami et al. (2020) 2 

Samiei et al. (2016) 2 
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Simões et el. (2013) 2 

Song et al. (2003) 8 

Song et al. (2008) 8 

Sukul et al. (2015) 2 

Tai et al. (2010) 6 

Tai et al. (2011) 6 

Tai et al. (2013) 6 

Wadagaki et al. (2011) 2 

Wang et al. (2018) 2 

Wang et al. (2020) 1 

Wang et al. (2016) 6 

Wang et al. (2014) 2 

Wu et al. (2014) 4 

Wu et al. (2020) 2 

Xu et al. (2015) 4 

Xu et al. (2018) 5 

xue et al. (2019) 2 

Yu et al. (2017) 2 

Yuan et al. (2019) 2 

Zanette et al. (2015) 5 

Zhang et al. (2019) 4 

Zhang et al. (2015) 2 

Zhang et al. (2018) 2 

Zhang et al. (2018) 2 

Zhao e Liu (2014) 7 

Zheng et al. (2010) 1 

Zijah et al. (2016) 2 

*1) Studies investigating other cell types, such as differentiated cells; 2) Studies assessing drug or 

biomaterial associations that do not present separate data for SIM alone; 3) Studies that do not present an 

untreated control group with the same cell type; 4) Studies that do not present a control group without SIM 

treatment; 5) Studies that do not evaluate osteoinduction or osteogenic differentiation capacity; 6) Studies 

that are not in vitro (clinical studies, animal studies, conference abstracts, letters, pilot studies, review 

articles, case reports, protocols, short communications, personal opinions, posters, or book chapters); 7) 

Studies that do not specify the culture medium; 8) Studies that do not assess at least the alkaline 

phosphatase (ALP) activity and extracellular matrix (ECM) mineralization tests; 9) Full text not available; 10) 

Duplicated data (e.g. dissertations/thesis in which correspondent published articles were available). 
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