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Abstract
Objectives Conducting a scoping review (SR) to assess scientific evidence for topical simvastatin’s impact on alveolar bone 
regeneration and determine its level of support for clinical applications.
Materials and methods This SR followed the PRISMA-ScR and OSF registries protocol; systematic searching was con-
ducted on MEDLINE/PubMed, Cochrane, Embase, Scopus, Web of Science, and LILACS, to identify relevant articles until 
June 2023. Inclusion criteria covered clinical trials, case series, prospective and retrospective studies, along with in vivo 
investigations, involving participants of any sex and age.
Results Out of 1312 identified studies, 20 (9 in vivo, 11 RCTs) met inclusion criteria. RCTs focused on third molar extraction, 
in vivo on mandibular incisor surgery. The majority of RCTs employed a collagen sponge and a simvastatin concentration 
of 10mg; conversely, most in vivo studies favored polylactide-co-glycolide and a 2 mg simvastatin concentration. RCTs had 
3-month follow-ups; in vivo, studies extended to 8 weeks. Seven RCTs assessed pain outcomes, simvastatin did not signifi-
cantly affect pain in six studies. Among four RCTs on postoperative swelling, only two observed a significant increase in the 
simvastatin group. In general, positive bone formation and the absence of adverse effects directly linked to topical simvastatin 
were observed across the study models.
Conclusions Intra-alveolar simvastatin post-tooth extraction has been to be shown to be effective and safe for preserving 
alveolar bone, with varied concentrations and carriers, with no significant adverse effects.
Clinical relevance This review provides critical insights into the effects of simvastatin on alveolar bone regeneration, inform-
ing potential benefits and possible challenges associated with its post-extraction application.
OSF Registry protocol osf.io/q3bnf
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Introduction

After tooth loss, alveolar bone healing begins, which trig-
gers a series of cellular events that can lead to tissue atro-
phy. Alveolar bone remodeling, also known as residual 
ridge resorption (RRR), is considered chronic, cumulative, 
progressive, and irreversible [1]. The dimensional reduction 
resulting from RRR affects both the height and thickness, 
and its degree, extent, and severity may be related to specific 

individual factors. The lack of adequate bone structure can 
result in various functional and esthetic consequences, as 
well as limit the possibility of dental rehabilitation, whether 
through prostheses or osseointegrated implants [2, 3]. 
Although the techniques and materials used to correct or 
prevent bone defects in the alveolar region are constantly 
evolving, they may still be associated with unpredictable 
and challenging outcomes, high costs, and morbidity [3, 4].

Bone preservation can be achieved through the stimu-
lation of specific and organized biological events through 
the mechanisms of osteogenesis, osteoconduction, and 
osteoinduction [5]. There are various materials available 
to be applied directly into the socket after tooth extraction, 
ranging from the use of autogenous bone, bone substitutes, 
growth factors, and stem cells to the use of drugs with 

 * Ana Cláudia Amorim Gomes Dourado 
 anacagomes@upe.br

1 Division of Oral and Maxillofacial Surgery, Dental School, 
University of Pernambuco, Arnóbio Marques St., 310, 
Recife, PE 50100-130, Brazil

http://crossmark.crossref.org/dialog/?doi=10.1007/s00784-023-05482-5&domain=pdf


 Clinical Oral Investigations (2024) 28:8686 Page 2 of 17

osteoinductive properties, such as statins [6]. Statins are 
a class of drugs used to combat hypercholesterolemia and 
prevent cardiovascular diseases, acting by reducing levels of 
cholesterol and lipoproteins in the blood and liver through 
the inhibition of an enzyme that produces mevalonate and 
isoprenoid compounds. Cholesterol is present in the com-
position of cell plasma membranes and participates in the 
formation of steroid hormones, bile production, and vitamin 
D synthesis. Additionally, it is an essential component of 
animal cell signaling pathways, making the action of statins 
pluripotent or pleiotropic [2, 7].

Simvastatin is the most studied statin and is a semi-
synthetic analog of lovastatin, which is obtained from the 
fermentation of an ascomycete fungus called Aspergillus 
terreus [7]. Studies conducted by Mundy et al. in the mid-
1990s, both in vitro and in vivo, suggested that statins could 
influence bone metabolism through the increase in genetic 
expression of Bone Morphogenetic Protein (BMP-2) [8]. 
The action of simvastatin on osteoinduction is attributed to 
its ability to increase the production of BMP-2 and vascu-
lar endothelial growth factor (VEGF), suppress osteoclasts, 
promote the differentiation of undifferentiated mesenchymal 
cells into osteoblasts, reduce inflammation, and stimulate 
neoangiogenesis [9, 10]. Simvastatin has the potential to 
influence bone regeneration both through oral and topical 
administration. However, positive results with systemic 
administration were associated with high doses for long peri-
ods of follow-up [11, 12]. Due to high hepatoselectivity in 
first-pass metabolism, and low affinity to bone, oral admin-
istration has been shown to be ineffective and potentially 
toxic. Simvastatin appears to be 50 times more effective in 
promoting bone regeneration when used topically [2, 13].

Different interceptive therapies to attenuate post-extrac-
tion alveolar ridge resorption have been proposed. Although 
the effectiveness of alveolar ridge preservation has been 
demonstrated in comparison to unassisted healing, a specific 
alveolar ridge preservation approach that patently and pre-
dictably renders superior outcomes has yet to be identified. 
Advances in biotechnology in the field of bone regeneration 
have sought viable alternatives to minimize the costs and 
morbidity of alveolar reconstruction procedures [14, 15]. In 
this context, simvastatin has been studied as an alternative 
for the reconstruction and maintenance of the dimensional 
characteristics of the alveolar bone. The objective of this 
work is to conduct a comprehensive review of the existing 
evidence on the effect of simvastatin, applied topically, on 
the process of alveolar bone regeneration in different ani-
mal models and in humans after tooth extraction. This SR 
synthesizes the existing literature on the impact of simv-
astatin topical use on alveolar bone after tooth extraction 
(study design). Here, we summarize the current evidence 
on the effect of topical application of simvastatin in extrac-
tion sockets (intervention) on alveolar bone preservation and 

reduction in bone loss (outcome) from animals or humans 
undergoing tooth extraction (population), compared to 
standard post-extraction care without simvastatin applica-
tion (comparison).

Material and methods

Protocol and registration

This scoping review (SR) adopted the procedures described 
in the EQUATOR Network website and followed the 
PRISMA-ScR (PRISMA Extension for Scoping Reviews) 
[16]. This section was structured according to the “five 
steps” methodology proposed by Arksey and O’Malley [17] 
and enhanced by Levac et al. [18] ensuring methodological 
rigor and transparency in the review process. The SR pro-
tocol was registered in the OSF (Open Science Framework) 
database (osf.io/q3bnf).

Step 1: Identifying the research question

Focused question

Based on the PICOS framework:

• Population (P): animals or humans undergoing tooth 
extraction

• Intervention (I): topical application of simvastatin in 
extraction sockets

• Comparator (C): standard post-extraction care without 
simvastatin application

• Outcome of interest (O): alveolar bone preservation and 
reduction in bone loss

• Study Design (S): a scoping review synthesizing exist-
ing literature on the impact of simvastatin topical use 
on alveolar bone after tooth extraction, this SR aimed 
to answer the focused questions: What effects of local 
application of simvastatin in alveolar repair after dental 
extraction have been reported in the literature?

Step 2: Identifying relevant studies (Table 1)

Information sources

An extensive literature search was performed among six 
electronic databases, namely MEDLINE through PubMed 
(http:// www. ncbi. nlm. nih. gov/ sites/ pubmed), Web of Sci-
ence—WoS (https:// www. webof knowl edge. com) accessed 
through the Clarivate Analytics (https:// clari vate. com), 
Cochrane Central Register of Controlled Trials (CENTRAL) 

http://www.ncbi.nlm.nih.gov/sites/pubmed
https://www.webofknowledge.com
https://clarivate.com
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(https:// www. cochr aneli brary. com), Embase (https:// www. 
embase. com) and Scopus (http:// www. scopus. com) through 
Elsevier (https:// www. elsev ier. com), and LILACS via VHL 
(https:// bvsal ud. org). Other sources (grey literature) were 
consulted through Google Scholar (https:// schol ar. google. 
com. br) and System for Information on Grey Literature in 
Europe (SIGLE) through OpenGrey (https:// easy. dans. knaw. 
nl/ ui/ datas ets/ id/ easy- datas et: 200362/ tab/2) databases. The 
protocol registration databases ClinicalTrials.gov, the Bra-
zilian Registry of Clinical Trials (ReBEC) (https:// ensai 
oscli nicos. gov. br), PROSPERO (https:// www. crd. york. ac. 
uk/ prosp ero/), and OSF (https:// osf. io/ wbfde/) were also 
assessed. Handsearch was performed in specialized periodi-
cals (International Journal of Oral and Maxillofacial Sur-
gery; Journal of Oral and Maxillofacial Surgery; Journal of 
Cranio-Maxillofacial Surgery; and Clinical Oral Investiga-
tions) and in reference lists of selected articles. Experts were 
identified using expertscape.com (https:// exper tscape. com) 
and contacted for other data sources.

Search strategy

Database search strategies included MeSH terms, entry 
terms, and keywords to query in PubMed, Web of Science, 
Cochrane Library, other sources (grey literature), and proto-
col registries. The search strategies for Embase, Scopus, and 
LILACS databases added Emtree, Index, and DeCS/MeSH 
terms, respectively. All terms were combined by the Boolean 
operators “OR” and “AND” connecting the key concepts in a 
“building blocks” strategy (Table 2). The electronic searches 
were performed in June 2023. Database alerts are set to iden-
tify studies published after the time of the searches, until the 
manuscript submission process.

No restrictions were placed on the language or date of 
publication when searching the electronic databases.

Step 3: Study selection

Selection of sources of evidence

The retrieved articles were exported to Endnote® Web 
(www.myendnoteweb.com), and duplicates were removed 
by the program. A 2-phase selection process was con-
ducted by two reviewers independently of each other 
(conventional double-screening): Phase 1, reviewers JAD 
and KGS examined the titles and abstracts of all refer-
ences, applying the inclusion criteria; and in Phase 2, 
both reviewers applied the exclusion criteria in the full-
text screening—full texts were evaluated and judged in 
the entire document. Inter-reviewer reliability in the study 
selection process was determined by the Cohen κ test, 
assuming an acceptable threshold value of 0.8 [19]. The 
disagreement at any stage was resolved by discussion and 
mutual decision with a third reviewer (DSB). The final 
decision was always based on the full-text reading. For 
more details on reasons for exclusion, see Fig. 1.

Step 4: Charting the data

Data charting process

The article screening process is depicted in the PRISMA 
flow diagram (Fig.  1). Any discrepancies between the 
researchers were discussed and resolved by consensus dur-
ing team meetings. The main conclusions were extracted 
from the data and presented in the form of a narrative syn-
thesis, with proper reference to the original studies.

Step 5: Collating, summarizing, and reporting the results

Data items

Data were independently extracted by reviewers JAD and 
KGS in a consensus meeting using a standardized form. 

Table 1  Eligibility criteria

Inclusion criteria Exclusion criteria

Clinical trials, case series, prospective and retrospective studies, as well 
as in vivo investigations, involving participants of any sex and age. 
Studies not directly related to the impact of topically applied simvasta-
tin on post-extraction alveolar bone regeneration were excluded from 
consideration.

(i) Osteometabolic diseases, glucocorticoid-induced osteoporosis, 
or other drugs, and local or systemic compromise of tissue repair 
mechanisms; (ii) regular use or exposure to anti-inflammatory, 
immunomodulatory, and anti-resorptive agents in the last six 
months; (iii) previous exposure of the region of interest to radia-
tion therapy; (iv) studies that associate simvastatin with other drugs 
or osteoinductive agents; (v) inaccurate or unavailable informa-
tion related to the intervention (simvastatin dosage/posology); (vi) 
imprecise or unconfirmed association between simvastatin exposure 
and differences in alveolar repair between test and control groups; 
and vii) unavailability of the study full text copy.

No restrictions were placed on the language or date of publication when searching the electronic databases.

https://www.cochranelibrary.com
https://www.embase.com
https://www.embase.com
http://www.scopus.com
https://www.elsevier.com
https://bvsalud.org
https://scholar.google.com.br
https://scholar.google.com.br
https://easy.dans.knaw.nl/ui/datasets/id/easy-dataset:200362/tab/2
https://easy.dans.knaw.nl/ui/datasets/id/easy-dataset:200362/tab/2
https://ensaiosclinicos.gov.br
https://ensaiosclinicos.gov.br
https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
https://osf.io/wbfde/
https://expertscape.com
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Table 2  Search strategy

Database Terms Results

MEDLINE|PubMed (“Tooth Extraction”[MeSH Terms] OR “tooth, impacted”[MeSH Terms] OR “molar, third”[MeSH Terms] 
OR “Tooth Socket”[MeSH Terms] OR “Alveolar Process”[MeSH Terms] OR “Wound Healing”[MeSH 
Terms] OR “molars third”[All Fields] OR “Third Molar”[All Fields] OR “Third Molars”[All Fields] 
OR “tooth wisdom”[All Fields] OR “Wisdom Tooth”[All Fields] OR “teeth wisdom”[All Fields] OR 
“Wisdom Teeth”[All Fields] OR “Impacted Tooth”[All Fields] OR “teeth impacted”[All Fields] OR 
“Impacted Teeth”[All Fields] OR “extraction tooth”[All Fields] OR “extractions tooth”[All Fields] OR 
“Tooth Extractions”[All Fields] OR “socket tooth”[All Fields] OR “sockets tooth”[All Fields] OR “Tooth 
Sockets”[All Fields] OR “Dental Alveolus”[All Fields] OR “alveolus dental”[All Fields] OR (“Tooth 
Socket”[MeSH Terms] OR (“tooth”[All Fields] AND “socket”[All Fields]) OR “Tooth Socket”[All 
Fields] OR (“alveolus”[All Fields] AND “dentalis”[All Fields])) OR (“Tooth Socket”[MeSH Terms] OR 
(“tooth”[All Fields] AND “socket”[All Fields]) OR “Tooth Socket”[All Fields] OR (“alveolus”[All Fields] 
AND “dentali”[All Fields])) OR (“Tooth Socket”[MeSH Terms] OR (“tooth”[All Fields] AND “socket”[All 
Fields]) OR “Tooth Socket”[All Fields] OR (“dentali”[All Fields] AND “alveolus”[All Fields])) OR 
(“Tooth Socket”[MeSH Terms] OR (“tooth”[All Fields] AND “socket”[All Fields]) OR “Tooth Socket”[All 
Fields] OR (“dentalis”[All Fields] AND “alveolus”[All Fields])) OR “Alveolar Processes”[All Fields] OR 
“process alveolar”[All Fields] OR “processes alveolar”[All Fields] OR “Alveolar Ridge”[All Fields] OR 
“ridge alveolar”[All Fields] OR “healing wound”[All Fields] OR (“Wound Healing”[MeSH Terms] OR 
(“wound”[All Fields] AND “healing”[All Fields]) OR “Wound Healing”[All Fields] OR (“healings”[All 
Fields] AND “wound”[All Fields])) OR “Wound Healings”[All Fields] OR “bone healing”[All Fields] OR 
“alveolar mucosa”[All Fields] OR “osseoinduction”[All Fields] OR “alveolar ridge preservation”[All Fields] 
OR “tooth extraction socket”[All Fields]) AND (“Simvastatin”[MeSH Terms] OR “Hydroxymethylglutaryl-
CoA Reductase Inhibitors”[MeSH Terms] OR “Hydroxymethylglutaryl CoA Reductases”[MeSH Terms] 
OR “Zocor”[All Fields] OR “mk 733”[All Fields] OR “mk 733”[All Fields] OR “MK733”[All Fields] OR 
“Synvinolin”[All Fields] OR “Hydroxymethylglutaryl-CoA Reductase Inhibitors”[All Fields] OR “inhibi-
tors hydroxymethylglutaryl coa reductase”[All Fields] OR “Statins”[All Fields] OR “Statin”[All Fields] 
OR “Hydroxymethylglutaryl CoA Reductase”[All Fields] OR “HMG CoA Reductases”[All Fields] OR “3 
hydroxy 3 methylglutaryl coa reductase”[All Fields] OR “3 hydroxy 3 methylglutaryl coa reductase”[All 
Fields] OR “coa reductase 3 hydroxy 3 methylglutaryl”[All Fields] OR “reductase 3 hydroxy 3 methylglu-
taryl coa”[All Fields] OR “HMG CoA Reductase”[All Fields] OR “HMG-CoA Reductase Inhibitor”[All 
Fields] OR “HMG-CoA Reductase Inhibitors”[All Fields] OR “Hydroxymethylglutaryl-CoA Reductase 
Inhibitor”[All Fields])

326

Web of Science “Tooth Extraction” OR “tooth, impacted” OR “molar, third” OR “Tooth Socket” OR “Alveolar Process” 
OR “Wound Healing” OR “molars third” OR “Third Molar” OR “Third Molars” OR “tooth wisdom” OR 
“Wisdom Tooth” OR “teeth wisdom” OR “Wisdom Teeth” OR “Impacted Tooth” OR “teeth impacted” OR 
“Impacted Teeth” OR “extraction tooth” OR “extractions tooth” OR “Tooth Extractions” OR “socket tooth” 
OR “sockets tooth” OR “Tooth Sockets” OR “Dental Alveolus” OR “alveolus dental” OR “Tooth Socket” 
OR “tooth socket” OR “Tooth Socket” OR “alveolus dentalis” OR “Tooth Socket” OR “tooth socket” OR 
“Tooth Socket” OR “alveolus dentali” OR “Tooth Socket” OR “tooth socket” OR “Tooth Socket” OR 
“dentali alveolus” OR “Tooth Socket” OR “tooth socket” OR “Tooth Socket” OR “dentalis alveolus” OR 
“Alveolar Processes” OR “process alveolar” OR “processes alveolar” OR “Alveolar Ridge” OR “ridge alveo-
lar” OR “healing wound” OR “Wound Healing” OR “wound healing” OR “Wound Healing” OR “healings 
wound” OR “Wound Healings” OR “bone healing” OR “alveolar mucosa” OR osteoinduction OR “alveolar 
ridge preservation” OR “tooth extraction socket” (Tópico) and Simvastatin OR “Hydroxymethylglutaryl-
CoA Reductase Inhibitors” OR “Hydroxymethylglutaryl CoA Reductases” OR zokor OR “mk 733” OR “mk 
733” OR mk730 OR synoviolin OR “Hydroxymethylglutaryl-CoA Reductase Inhibitors” OR “inhibitors 
hydroxymethylglutaryl coa reductase” OR Statins OR Statin OR “Hydroxymethylglutaryl CoA Reductase” 
OR “HMG CoA Reductases” OR “3 hydroxy 3 methylglutaryl coa reductase” OR “3 hydroxy 3 methylglu-
taryl coa reductase” OR “coa reductase 3 hydroxy 3 methylglutaryl” OR “reductase 3 hydroxy 3 methylglu-
taryl coa” OR “HMG CoA Reductase” OR “HMG-CoA Reductase Inhibitor” OR “HMG-CoA Reductase 
Inhibitors” OR “Hydroxymethylglutaryl-CoA Reductase Inhibitor”

270
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Table 2  (continued)

Database Terms Results

Cochrane Library “Tooth Extraction” OR “tooth, impacted” OR “molar, third” OR “Tooth Socket” OR “Alveolar Process” 
OR “Wound Healing” OR “molars third” OR “Third Molar” OR “Third Molars” OR “tooth wisdom” OR 
“Wisdom Tooth” OR “teeth wisdom” OR “Wisdom Teeth” OR “Impacted Tooth” OR “teeth impacted” OR 
“Impacted Teeth” OR “extraction tooth” OR “extractions tooth” OR “Tooth Extractions” OR “socket tooth” 
OR “sockets tooth” OR “Tooth Sockets” OR “Dental Alveolus” OR “alveolus dental” OR “Tooth Socket” 
OR “tooth socket” OR “Tooth Socket” OR “alveolus dentalis” OR “Tooth Socket” OR “tooth socket” OR 
“Tooth Socket” OR “alveolus dentali” OR “Tooth Socket” OR “tooth socket” OR “Tooth Socket” OR “den-
tali alveolus” OR “Tooth Socket” OR “tooth socket” OR “Tooth Socket” OR “dentalis alveolus” OR “Alveo-
lar Processes” OR “process alveolar” OR “processes alveolar” OR “Alveolar Ridge” OR “ridge alveolar” OR 
“healing wound” OR “Wound Healing” OR “wound healing” OR “Wound Healing” OR “healings wound” 
OR “Wound Healings” OR “bone healing” OR “alveolar mucosa” OR osseoinduction OR “alveolar ridge 
preservation” OR “tooth extraction socket” in Title Abstract Keyword AND Simvastatin OR “Hydroxym-
ethylglutaryl-CoA Reductase Inhibitors” OR “Hydroxymethylglutaryl CoA Reductases” OR Zocor OR “mk 
733” OR “mk 733” OR MK733 OR Synvinolin OR “Hydroxymethylglutaryl-CoA Reductase Inhibitors” OR 
“inhibitors hydroxymethylglutaryl coa reductase” OR Statins OR Statin OR “Hydroxymethylglutaryl CoA 
Reductase” OR “HMG CoA Reductases” OR “3 hydroxy 3 methylglutaryl coa reductase” OR “3 hydroxy 
3 methylglutaryl coa reductase” OR “coa reductase 3 hydroxy 3 methylglutaryl” OR “reductase 3 hydroxy 
3 methylglutaryl coa” OR “HMG CoA Reductase” OR “HMG-CoA Reductase Inhibitor” OR “HMG-CoA 
Reductase Inhibitors” OR “Hydroxymethylglutaryl-CoA Reductase Inhibitor”

55

Embase ('tooth extraction'/exp OR 'tooth extraction' OR 'tooth impaction'/exp OR 'tooth impaction' OR 'third molar'/
exp OR 'third molar' OR 'tooth socket'/exp OR 'tooth socket' OR 'alveolar bone'/exp OR 'alveolar bone') 
AND ('simvastatin' OR 'hydroxymethylglutaryl coenzyme a reductase inhibitor' OR 'hydroxymethylglutaryl 
coenzyme a reductase')

131

Scopus TITLE-ABS-KEY ( ”tooth extraction” OR “tooth, impacted” OR “molar, third” OR “tooth Socket” OR “Alve-
olar Process” OR “Wound Healing” OR “molars third” OR “Third Molar” OR “third Molars” OR “tooth 
wisdom” OR “Wisdom Tooth” OR “teeth wisdom” OR “Wisdom Teeth” OR “impacted Tooth” OR “teeth 
impacted” OR “Impacted Teeth” OR “extraction tooth” OR “extractions tooth” OR “Tooth extractions” 
OR “socket tooth” OR “sockets tooth” OR “Tooth sockets” OR “dental alveolus” OR “alveolus dental” OR 
“Tooth Socket” OR “tooth socket” OR “tooth socket” OR “alveolus dentalis” OR “tooth socket” OR “tooth 
socket” OR “tooth socket” OR “alveolus dentali” OR “tooth socket” OR “tooth socket” OR “Tooth Socket” 
OR “dentali alveolus” OR “tooth socket” OR “tooth socket” OR “tooth socket” OR “dentalis alveolus” OR 
“alveolar processes” OR “process alveolar” OR “processes alveolar” OR “Alveolar Ridge” OR “ridge alveo-
lar” OR “healing wound” OR “wound healing” OR “wound healing” OR “wound healing” OR “healings 
wound” OR “wound healings” OR “bone healing” OR “alveolar mucosa” OR osseoinduction OR “alveolar 
ridge preservation” OR “tooth extraction socket” ) AND TITLE-ABS-KEY ( simvastatin OR “hydroxym-
ethylglutaryl-CoA reductase inhibitors” OR “hydroxymethylglutaryl CoA reductases” OR zocor OR “mk 
733” OR “mk 733” OR mk733 OR synvinolin OR “Hydroxymethylglutaryl-CoA Reductase Inhibitors” OR 
“inhibitors hydroxymethylglutaryl coa reductase” OR statins OR statin OR “Hydroxymethylglutaryl CoA 
Reductase” OR “HMG CoA Reductases” OR “3 hydroxy 3 methylglutaryl coa reductase” OR “3 hydroxy 
3 methylglutaryl coa reductase” OR “coa reductase 3 hydroxy 3 methylglutaryl” OR “reductase 3 hydroxy 
3 methylglutaryl coa” OR “HMG CoA Reductase” OR “HMG-CoA Reductase Inhibitor” OR “HMG-CoA 
Reductase Inhibitors” OR “Hydroxymethylglutaryl-CoA Reductase Inhibitor” )

522

LILACS (English) (“Tooth Extraction” OR “Tooth, Impacted” OR “Molar, Third” OR “Tooth Socket” OR “Alveolar Process” 
OR “Wound Healing”) AND (Simvastatin OR “Hydroxymethylglutaryl-CoA Reductase Inhibitors” OR 
“Hydroxymethylglutaryl CoA Reductases” )

0

LILACS (Spanish) (“Extracción dental” OR “Dente impactado” OR “Tercer Molar” OR “Alveolo Dental” OR “Proceso Alveolar” 
OR “Cicatrización de Heridas”) AND (Simvastatina OR “Inhibidores de Hidroximetilglutaril-CoA Reducta-
sas” OR “Hidroximetilglutaril-CoA Reductasas”)

0

LILACS (Portuguese) (“Extração Dentária” OR “Dente Impactado” OR “Dente Serotino” OR “Alvéolo Dental” OR “Processo 
Alveolar” OR Cicatrização) AND (Sinvastatina OR “Inibidores de Hidroximetilglutaril-CoA Redutases” OR 
“Hidroximetilglutaril-CoA Redutases” )

3

Google Schoolar “Tooth Extraction” OR “Tooth Socket” AND Simvastatin OR “Hydroxymethylglutaryl-CoA Reductase Inhibi-
tors”

100

Open Grey “Tooth Extraction” AND Simvastatin OR “Hydroxymethylglutaryl-CoA Reductase Inhibitors” 0
BDTD “Tooth Extraction” OR “Tooth Socket” OR “Tooth, Impacted” E Todos os campos:Simvastatin OR “Hydroxy-

methylglutaryl-CoA Reductase Inhibitors”)
1

clinicaltrials.gov “Tooth Socket” AND Simvastatin 0



 Clinical Oral Investigations (2024) 28:8686 Page 6 of 17

After collecting and analyzing the data, the information was 
organized and presented as follows:

• Descriptive data—numerical description of the general 
characteristics of the participants in the included stud-
ies and the dental groups undergoing exodontia; details 
about the type of vehicle used for topical application of 
the drug, along with the concentration used; and descrip-
tion of the instruments used for bone evaluation

• Primary outcomes—pain; edema; bone measurement; 
and postoperative analgesics

• Secondary outcomes—follow-up and adverse effects; risk 
of bias; and evidence level. Literature data were classi-
fied by study design and level of evidence according to 

the OCEBM (Oxford Center for Evidence-Based Medi-
cine) 2011 [20], as presented in the text and tables

The qualitative data synthesis followed the synthesis 
without meta-analysis (SWiM) reporting guideline [21].

Study risk of bias assessment

Two reviewers (JAD and KGS) independently evaluated 
the quality of primary studies using the SYRCLE’s risk of 
bias tool for animal studies [22]. This tool is based on the 
Cochrane RoB tool and has been adjusted for aspects of bias 
that play a specific role in animal intervention studies. SYR-
CLE’s is structured into a fixed set of 10 domains of bias: 

Table 2  (continued)

Database Terms Results

Brazilian Registry 
of Clinical Trials 
(ReBEC)

“Tooth Socket” AND Simvastatin 0

PROSPERO “Tooth Socket” AND Simvastatin 0
OSF “Tooth Socket” AND Simvastatin 0

Fig. 1  Screening and enroll-
ment—PRISMA flow diagram 
illustrating the process of article 
selection
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sequence generation, baseline characteristics, allocation 
concealment, random housing––blinding, random outcome 
assessment––blinding incomplete outcome data, selective 
outcome reporting, and other sources of bias. These entries 
are related to six types of bias: selection bias, performance 
bias, detection bias, attrition bias, reporting bias, and other 
biases. A “yes” judgment indicates a low risk of bias; a “no” 
judgment indicates a high risk of bias; the judgment will be 
“unclear” if insufficient details have been reported to assess 
the risk of bias properly (Fig. 2).

Two reviewers (JAD and KGS) independently evaluated 
the quality of the included clinical trial studies by using the 
Revised Cochrane risk-of-bias tool for randomized trials 
(RoB 2) [23]. RoB 2 is structured into a fixed set of domains 
of bias, focussing on different aspects of trial design, con-
duct, and reporting, evaluating parameters that may be 
related to effect sizes and constrain internal validity. Two 
reviewers blindly classified the risk of bias according to the 
RoB 2 algorithm into low risk of bias, some concerns, or 
high risk of bias (Fig. 3).

When necessary, the risk of bias was reached in a consen-
sus meeting with a third reviewer (DSB).

Results

Study selection

At the end of all searches, a total of 1312 studies were 
obtained (MEDLINE|PubMed, 326; Web of Science, 270; 
CENTRAL Cochrane, 55; Embase, 131; Scopus, 522; 
LILACS, 3; and other sources, 5). After removing 561 

duplicates, we screened 754 articles through titles and 
abstracts (Phase 1). The full-text reading (Phase 2, n=28) 
confirmed the inclusion of 20 studies (9 experimental stud-
ies [in vivo] [1, 24–31] and 11 randomized controlled trials 
[RCTs] [2–4, 7, 32–38]. The selected publications ranged 
from the year 2005 to 2022. The inter-reviewer reliability 
was 0.91. For more details on the selection process, see 
Fig. 1.

Experimental (in vivo) studies

A total of 431 animals were included in the experimental 
studies, of which 413 were Wistar rats [1, 24, 25, 27–31] 
(393 males [95.1%] and in 20 rats [31]; the gender was 
not specified), and 18 were rabbits [26] (gender was not 
specified). Eight studies were designed as parallel-arm [1, 
24–30] and only one a single-arm (split-mouth) [31] method. 
Most studies were published by Japanese researchers (N, 
4) [24–27], followed by Chinese (N=3) [1, 28, 29], Iranian 
(N=1) [30], and Egyptian (N=1) [31]. The average age of 
Wistar rats ranged from 7 to 8 weeks (N=2) [28, 29] and up 
to 10 weeks (N=3) [24, 25, 27]. Three studies did not report 
the age of rats [1, 30, 31]. The average age of the rabbits was 
20 weeks [26].

RCTs

A total of 226 patients were included in the RCTs [2, 4, 7, 
32, 33, 35, 36] (69 males [30.5%] and 94 females [41.6%]; 
male-to-female ratio of 1:1.36). Three RCTs [3, 37, 38] did 
not report the gender of another 63 patients. The age range 
of the patients varied from 18 to 40 years. Seven RCTs [2–4, 

Fig. 2  Results from SYRCLE’s tool after analyzing the methodological quality of 9 in vivo studies
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7, 32, 33, 37] adopted the split-mouth design, while four 
[34–36, 38] used parallel groups. Most studies were pub-
lished by Indian researchers (N=4) [4, 7, 32, 37], followed 
by Brazilian (N=3) [2, 3, 34], Egyptian (N=2) [36, 38], Ira-
nian (N=1) [33], and Iraqi (N=1) [35].

Extracted tooth cluster

Regarding the experimental (in vivo) studies, the most 
reported experimental surgeries were as follows: (i) Wistar 
rats—right mandibular incisor extraction (N=5 studies and 
225 teeth) [1, 24, 27–29], removal of both right and left 
mandibular incisors (N=1 study and 96 teeth) [25], bilateral 
mandibular first molar extraction (N=1 study and 40 teeth) 
[31] and left maxillary incisor extraction (n=1 study and 72 
teeth) [30]—and (ii) rabbits—removal of both right and left 
mandibular incisors (N=1 study and 36 teeth) [26] (Sup-
plementary Files 1).

The majority of RCTs (N=5) [2, 4, 7, 35, 37] used lower 
third molar extraction as the study model, totaling 258 sur-
geries, followed by lower first premolar surgeries (N=3 stud-
ies and 55 extractions) [32, 34, 38], lower first molar (N=2 
studies and 41 extractions) [34, 36], upper first premolar 
extractions (N=1 study and 30 extractions) [32], and upper 
third molars (N=1 study and 26 extractions) [3] (Supple-
mentary Files 2).

Carrier vehicles (delivery system) used 
for simvastatin

A variety of carrier vehicles was used in experimental (in 
vivo) studies, of which polylactide-coglycolide (PLGA) 
was the most used (N=3) [25, 28, 29]. Biomaterials such 
as freeze-dried collagen/calcium sulfate (FDC/CS) (N=1) 
[24], α-tricalcium phosphate (α-TCP) (N=1) [27], chi-
tosan gel (N=1) [31], microsphere hydrogel (N=1) [1], 

Fig. 3  Quality assessment of 11 
RCT studies conducted with the 
Rob 2 tool to evaluate the risk 
of bias
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gelatin hydrogel (N=1) [26], and freeze-dried bone allograft 
(FDBA) (N=1) [30] were also used (Supplementary Files 1).

Collagen sponge was the most commonly carried vehi-
cle reported in the majority of RCTs (N= 8) [2, 4, 7, 32, 
33, 35–37]. Other vehicles included poly (D,L-lactide-co-
glycolide) (N=1) [3], methylcellulose (N=1) [34], and Nano-
bone® (Artoss Co, Germany) (N=1). Nanobone® consisted 
of synthetic nanocrystalline hydroxyapatite and silica fab-
ricated in a sol/gel process [38] (Supplementary Files 2) 
(Fig. 4).

Simvastatin concentration

Simvastatin concentrations varied significantly among 
experimental (in vivo) studies. Regarding experiments using 
rats, Sato et al. used 2 mg in three out of six experimental 

groups [24]. Nishimura et  al. employed concentrations 
of 0.1, 0.25, 0.5, 1, 2, and 4 mg simvastatin in six out of 
eight groups [25]. In another study, concentrations of 0.25, 
0.5, and 1 mg simvastatin were used in three out of five rat 
groups [27]. Sherif et al. used 2.5% simvastatin in all groups 
[31]. In Li et al. [1], a concentration of 0.01g simvastatin 
was used in two out of three groups, while Abdi et al. [30] 
employed a concentration of 0.5% in two out of four groups. 
In only two studies, the concentration of simvastatin used 
was not clearly reported [28, 29]. In the rabbit study, simv-
astatin concentrations varied among 1, 10, and 67 μg in three 
out of six groups [26] (Supplementary Files 1).

The clinical trials reported different concentrations of 
simvastatin such as 10 mg (N=6) [4, 7, 32, 35–37], 20 mg 
(N=2) [2, 33], 80 mg (N=1) [38], 1.2% (N=1) [34], and 2% 
(N=1) [3] (Supplementary Files 2).

Fig. 4  Analysis of studies 
utilizing various carriers for 
simvastatin across different 
study models
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Methods of evaluation and major effects on bone 
formation

Experimental (in vivo) studies

Bone formation evaluation was assessed through soft X-ray 
examination plus histological analysis (N= 2) [1, 28]. Two 
studies used only histological analysis [29, 30]. Another 
two studies used soft X-ray radiography and bone mineral 
content (BMC) [24, 25]. Only one study used bone mineral 
content (BMC) and histological analyses [27]. Another one 
study used height and width measured using a bone caliper 
[31]. In the single study involving rabbits, soft X-ray radiog-
raphy plus histological analysis were utilized [26].

The results varied according to the groups, evaluation 
times, concentration of simvastatin, and the carrier vehi-
cle used. In the study by Sato et al. (2005) [24], a positive 
effect on bone formation was observed when simvastatin 
was associated with calcium sulfate, but no significant 
effect was found in groups that used simvastatin alone or 
in combination with freeze-dried collagen. Wu et al. (2008) 
[28] demonstrated significant bone formation in groups that 
received simvastatin after 4, 8, and 12 weeks, as evidenced 
by both imaging examinations and histomorphometric find-
ings. Nishimura et al. [25] found that all groups treated with 
simvastatin showed significant bone formation compared to 
the control group or the group that received only PLGA. Liu 
et al. [27] observed a positive influence of simvastatin on 
bone formation, and the authors suggested that this occurred 
due to increased expression of growth factors such as TGF-
β1, BMP-2 mRNA, and VEGF mRNA. Maruo et al. [27] 
reported statistically significant results in groups that used 
simvastatin at concentrations of 0.5 and 1 mg, both after 4 
weeks and 8 weeks postoperatively, evaluating bone forma-
tion through histomorphometric examinations and micro-
computed tomography. Sherif et al. [31] reported positive 
results in terms of width and height of bone formation after 
4 weeks, but negative results after 1, 2, and 3 weeks. Li et al. 
[1] found significant results in the follow-up groups at 5 and 
8 weeks postoperatively. In Abdi et al. [30], significant dif-
ferences in the rate of osteogenesis were observed between 
the intervention groups after 5 and 8 weeks. In the rabbit 
study conducted by Tanigo et al. [26], the only group that 
showed a significant increase in bone formation (5 weeks 
of follow-up) was the one that used hydrogel gelatin with 
simvastatin micelles at a concentration of 10 μg.

RCTs

Cone-beam computed tomography (CBCT) was the pri-
mary tool chosen to evaluate bone formation (N=6) [2–4, 
34–36]. Generally, bone density was assessed through 

software tools. In four studies [7, 32, 37, 38], bone forma-
tion was evaluated using the grayscale generated by soft-
ware from intraoral radiograph histograms (IOPA). One 
study used histomorphometric analysis to determine the 
presence of live and dead bone, as well as trabecular, amor-
phous, and non-osteoblastic types [33]. Multiple evalua-
tion methods for bone formation were reported among two 
RCTs. One of them used IOPA and CBCT [7], while the 
other used IOPA and histomorphometry [38].

Regarding the effects on bone formation, the majority 
of RCTs suggest favorable positive effects of topical use 
of simvastatin post-extraction (N=9) [2, 4, 7, 32, 34–38]. 
However, the other two RCTs did not find evidence of 
a positive influence of simvastatin on bone formation—
one of these studies employed CBCT examinations for 
analysis [3], while the other used the histomorphometric 
method [33].

Methods of evaluation and effects on pain 
and swelling among RCTs

Seven RCTs evaluated the pain outcome [2, 4, 7, 34–37]. 
The 10-point visual analog scale (VAS) was the most 
widely used (N=6) [2, 4, 7, 34–36], while the 5-point VAS 
was employed in only one study [37]. The rescue analgesic 
varied considerably among the studies, with the most com-
mon ones being potassium diclofenac (N=1) [37], ibupro-
fen 400mg + paracetamol (N=1) [32], paracetamol 500 mg 
+ codeine 30 mg (N=1) [3], ibuprofen 400 mg (N=1) [34], 
and paracetamol 750 mg (N=1) [2]. Only one study did not 
specify which NSAID was used as rescue medication [7] 
(Supplementary Files 2).

A total of six RCTs demonstrated no significant differ-
ences in pain when comparing the use of simvastatin to the 
control group [4, 7, 34–37]. Only one study reported statis-
tically significant pain in the simvastatin group, observed 
at almost all evaluated time points in the study [2].

Four RCTs assessed postoperative swelling as the meas-
urement of the horizontal distance between the corner of 
the mouth and the ear lobe, along with the vertical dis-
tance between the outer corner of the eye and the angle of 
the lower jaw [2, 4, 7, 37]. Data were primarily obtained 
preoperatively (baseline) and on the first, third, and sev-
enth days after surgery.

Significant occurrence of postoperative swelling was 
reported in two studies [2, 4]. One of them reported a statis-
tically greater increase in swelling in the intervention group 
on the third postoperative day, but this difference was not 
significant on the seventh postoperative day [2]. In the other 
study, no differences were found between the groups that 
received simvastatin and the control groups [4].
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Follow‑up

Regarding the experimental (in vivo) studies, the maxi-
mum follow-up period was 12 weeks (N=1) [28], followed 
by 8 weeks (N=4) [1, 25, 27, 30], 5 weeks (N=1 [rabbit 
study]) [26], and 4 weeks (N=3) [24, 29, 31] (Supplemen-
tary Files 1).

The longest follow-up period among RCTs was 6 months 
(N=1) [4]. In general, the most commonly employed period 
was 3 months (N= 7) [2, 3, 7, 34, 35, 37, 38], followed by 4 
months (N=2) [32, 36], 2 months (N=1) [33], and 6 months 
(N=1) [4] (Supplementary Files 2).

Adverse effects and costs

No adverse effects were reported and directly attributed to 
the topical use of simvastatin in any of the laboratory (in 
vivo) or in the RCTs included in this review. However, only 
two RCTs [2, 34] conducted an analysis of the alveolar heal-
ing index (Landry Index), assessed 7 days postoperatively. 
One of the studies [2] signaled significant alterations in this 
clinical parameter, highlighting the need for further investi-
gations into safety and potential undesirable reactions, espe-
cially those that may directly impact post-extraction alveolar 
healing.

In the realm of expenses, a recent study investigated 
the cost-effectiveness relationship of conventional grafts 
employed in alveolar bone preservation. The results of this 
study suggested that approaches incorporating allograft 
and xenograft are linked to elevated expenses [15]. In this 
context, the administration of simvastatin, recognized for 
its osteoinductive potential, emerges as a cost-effective 

alternative without compromising the overall efficacy of 
the treatment. However, a meticulous economic analy-
sis is essential to evaluate the financial viability of intra-
alveolar simvastatin application compared to conventional 
approaches. This encompasses not only the direct cost of the 
medication but also factors such as administration materi-
als, additional office visits, and potential long-term savings 
associated with optimizing bone healing.

Evidence level

Based on the classification provided by the Oxford Center 
for Evidence-Based Medicine (OCEBM, 2011) [20], the 
data summarized in this scoping review was categorized in 
all included studies (Supplementary files 1 and 2) (Fig. 5).

Discussion

Evidence level

To the best of our knowledge, this represents the first SR 
regarding the influence of topical application of simvasta-
tin on alveolar bone formation following tooth extraction. 
Among the 20 articles [1–4, 7, 24–38] selected for this 
review, diverse methodological frameworks were evident, 
consequently resulting in varying levels of evidence. The 
in vivo studies stood out as the most heterogeneous, as they 
encompassed different animal species, extraction of dis-
tinct dental groupings, varying concentrations, and carriers 
for simvastatin, in addition to employing distinct tools for 
assessing bone formation. Although the RCTs exhibited less 

Fig. 5  Oxford Centre for 
Evidence-Based Medicine 2011 
Levels of Evidence [20]. The 
studies were classified into 
two tiers: Level 2, comprising 
randomized trials or observa-
tional studies with a substantial 
effect, and Level 5, based on 
mechanism-based reasoning
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heterogeneity, discrepancies arose in terms of the approach 
to evaluating bone formation, the specific dental groupings 
subject to extraction, as well as the concentration and vehicle 
used to deliver simvastatin.

The preclinical nature and challenges in the methodologi-
cal design of in vivo experimental studies limit their level of 
evidence compared to RCTs. However, they are fundamental 
in understanding mechanistic insights and testing the effi-
cacy, toxicity, and viability of new substances for therapeutic 
purposes. The preclinical studies (N=9) [1, 24–31] included 
in this review highlighted crucial parameters that attest to 
promising effects regarding tissue tolerance, safety, low tox-
icity, and positive impacts on bone formation through topical 
application of simvastatin.

RCTs provide a higher level of evidence due to their clini-
cal nature, easiness in methodological design, variable con-
trol, and the potential to extrapolate results to other human 
beings. Nonetheless, the 11 selected RCTs [2–4, 7, 32–38] 
exhibit substantial heterogeneity, rendering a more compre-
hensive compilation and interpretation of data unfeasible 
within a systematic review with meta-analysis aimed at reli-
ably addressing a clinical question.

Surgery on the right mandibular incisors was the most 
frequent procedure among the in vivo studies [1, 24, 27–29]. 
Experimental studies predominantly utilized a parallel-group 
design [1, 24–30], with the exception of a single split-mouth 
study [31]. Among the RCTs, the primary surgical procedure 
was the extraction of third molars [2–4, 7, 35, 37], and the 
split-mouth study design was more commonly employed 
[2–4, 7, 32, 33, 37]. Split-mouth studies provide a model 
with lower interindividual variability for evaluating bone 
formation and other associated clinical parameters, such as 
pain and swelling, as they allow for the comparison of two 
distinct interventions within the same individual. Further-
more, the choice of dental groupings in the various stud-
ies within this review took into account factors like con-
venience, procedural indications, recruitment speed, ease 
of reproducibility, and the ability to study bone formation 
parameters through predictable and consistent models.

Effect on bone regeneration

Autogenous grafts are still considered the gold standard 
in maxillofacial bone reconstructions. However, a singu-
lar therapeutic approach for the effective and predictable 
treatment of extraction sockets has not been identified yet 
[15]. The high morbidity, increased risk of postoperative 
complications, high costs, and unpredictability in the resorp-
tion rate of autogenous grafts have led to the need for the 
development of new materials with better characteristics 
[37]. In the initial phases of the healing process, the form-
ing tissues are fragile and intricate structures which can be 
easily disturbed by external events. In this context, the use 

of simvastatin with the aim of speeding up the formation 
of mature tissues can be considered a minimally invasive 
approach. The osteoinductive potential of statins was first 
described by Mundy et al. in 1999 [8]. The focus of this 
study was simvastatin because it is the most commonly 
used and extensively studied statin in inducing bone forma-
tion. The literature suggests that lipophilic statins such as 
simvastatin, fluvastatin, lovastatin, and mevastatin are the 
ones that can exert the most anabolic effect on bone tissue. 
This is explained by the increased expression of markers for 
osteogenesis in osteoblasts (BMP-2, osteocalcin, osteopon-
tin, alkaline phosphatase, mRNA for collagen type I and 
III) and in endothelial progenitor cells that produce vascular 
endothelial growth factor (VEGF) [9, 10]. The results from 
Liu et al. in 2009 corroborate the existing literature, dem-
onstrating a notable elevation in the same markers through 
in situ hybridization in the tooth sockets of rats subjected to 
the topical application of PLGA + simvastatin at 1, 2, and 4 
weeks post-extraction [29].

In this study, a significant portion of the evidence regard-
ing the influence of simvastatin on bone formation was gen-
erated through imaging examinations and/or histomorpho-
metric analysis. In the experimental studies, the primary 
methods for analyzing bone formation were soft X-ray 
radiography [1, 24, 25, 28], bone mineral content (BMC) 
[24, 25], and histological analysis [1, 27–30], while RCTs 
predominantly used IOPA [7, 32, 37, 38] and/or CBCT 
[2–4, 34–36]. The results of this review suggest a positive 
response to simvastatin in bone formation in the major-
ity of the included studies. However, the results obtained 
in the in vivo studies were more heterogeneous and were 
influenced by variables such as evaluation time, simvastatin 
concentration, and the selected vehicle. In the study by Sato 
et al., simvastatin only showed a positive response when 
combined with calcium sulfate [24]. Wu et al. found posi-
tive effects on bone tissue with simvastatin combined with 
PLGA compared to PLGA alone at 4, 8, and 12 weeks [28]. 
Similarly, using histomorphometric analysis, Liu et al. found 
statistically significant differences in bone tissue formation 
in groups subjected to topical application of simvastatin 
combined with PLGA compared to the group subjected to 
PLGA alone [29]. In the study by Nishimura et al., both 
simvastatin combined with PLGA and PLGA alone showed 
positive results in bone formation [25]. The study by Maruo 
et al. reported positive results with the combination of 0.5 
mg and 1 mg simvastatin with α-TCP compared to groups 
using α-TCP alone in post-extraction sockets [27]. Similarly, 
Sherif et al. combined 2.5% simvastatin with chitosan gel 
and compared it to rats that received only chitosan gel in 
post-extraction sockets, finding positive effects after 4 weeks 
[31]. In a similar vein, Li et al. used a microsphere formula-
tion of simvastatin with hydrogel and compared it to hydro-
gel without simvastatin, obtaining statistically significant 



Clinical Oral Investigations (2024) 28:86 Page 13 of 17 86

differences favoring the simvastatin group after 5 and 8 
weeks of follow-up [1]. In the Abdi et al. study, simvastatin 
combined with FDBA graft was more effective in forming 
bone than FDBA alone after 8 weeks postoperatively [30].

Among the RCTs included in this SR, more methodologi-
cally homogeneous studies were found, with a concentration 
of 10 mg of simvastatin and collagen sponge as the most 
frequent [4, 7, 32, 35–37]. The results favored the simvasta-
tin group in 9 RCTs regarding bone formation [2, 4, 7, 32, 
34–38]. However, 2 RCTs did not find evidence of simvas-
tatin’s influence on bone formation [3, 33]. The concentra-
tion of simvastatin and the vehicle used in the Sezavar et al. 
[33] study resembled that of Diniz et al. [2], but the results 
differed. Despite both studies using 20 mg of simvastatin 
combined with collagen sponge in post-extraction sockets, 
the differences in the results found may be related to the 
small sample size in Sezavar et al. [33] study, differences in 
methods of evaluating bone formation, the comparator group 
used, and the follow-up period.

Influence of the vehicle and simvastatin 
concentration on osteoinduction

The ability of simvastatin to influence bone metabolism 
appears to be dose-dependent and vehicle-dependent. Sim-
vastatin concentration proves to be a fundamental and criti-
cal parameter to consider when the goal is to stimulate bone 
formation. High doses of simvastatin are associated with 
increased osteogenesis, osteoclastogenesis (osteolysis), and 
inflammation simultaneously, whereas low doses promote 
decreased bone formation and increased bone resorption 
[39]. The greatest variation in simvastatin concentration 
occurred in vivo studies, ranging from 0.1 mg to 0.01g in 
rat studies [1, 25], and from 1 to 67 μg in the rabbit study 
[26]. In clinical studies involving humans, simvastatin con-
centration ranged from 10 [4, 7, 32, 35–37] to 80 mg [38], 
with the 10 mg concentration being the most commonly 
used. Despite the wide range of simvastatin concentra-
tions employed in the different study models included in 
this review, no negative effects regarding increased local 
inflammation or induction of osteolysis directly attributed 
to the presence of the drug were described at any of the con-
centrations used, even at concentrations as high as 80 mg. 
There is uncertainty as to whether the effects of simvastatin 
truly depend on the dosage or if the optimal effect is linked 
to a specific dosage [2, 7]. In this review, the majority of 
included studies showed evidence of bone formation across 
a diverse range of concentrations, spanning from the lowest 
to the highest [1, 2, 4, 7, 24–32, 34–38].

Simvastatin is not metabolized through proteolytic pro-
cesses by tissue enzymes. It is a lipophilic drug and dem-
onstrates good tolerance when used topically. However, to 
achieve a more effective clinical outcome and minimize the 

risk of inflammation, a vehicle that promotes slow and grad-
ual deposition of the substance is necessary [7]. Prolonging 
the release period of simvastatin, facilitated by the carrier’s 
action, offers the advantage of enhancing the drug’s effect in 
different stages of bone formation. This includes modulat-
ing inflammation, inducing osteoblast differentiation, and 
controlling osteoclast action. Despite the wide variety of 
materials used as vehicles for simvastatin, most have bio-
degradation rates of at most 2 to 3 months [40]. Taking into 
account the biodegradation rate of the selected vehicle and 
the differences in bone turnover among the types of par-
ticipants in the study models included in this review, the 
maximum follow-up periods varied significantly. The most 
commonly used were 12 weeks for rats [28], 5 weeks for rab-
bits [26], and 3 months for humans [2, 3, 7, 34, 35, 37, 38].

Tissue engineering has enabled the development of a 
variety of materials that can be used as carriers for simv-
astatin, such as scaffolds [24, 25, 27–31], microspheres [1], 
and hydrogels [26, 34], or even a combination of these [41]. 
Depending on the chosen type of carrier, the combination of 
carrier and simvastatin can either be directly injected at the 
site in liquid form or surgically implanted in solid form. Liq-
uid carriers, like hydrogels, are cross-linked systems diluted 
in water, consisting of a continuous or outer phase made up 
of solid constituents, and a discontinuous or inner phase 
composed of liquid elements. The advantages of this type 
of carrier include good tissue tolerance, ease of manipula-
tion, the potential to be mixed with bioactive substances 
and injected at the desired location, as well as its ability to 
spread and fill irregular spaces. Liquid carriers appear to 
have good applicability in situations involving small bone 
defects where less invasive procedures are needed [41]. Only 
four studies selected in this study used liquid carriers, three 
of which were in vivo studies [1, 26, 31] and one RCT [34]. 
Solid carriers have the advantage of promoting cell reten-
tion and migration, enabling the slow and gradual release of 
the associated bioactive substance, functioning as a frame-
work that can exert biological and mechanical influences on 
osteoblast differentiation, and they may also promote the 
healing process when incorporated into newly formed bone 
tissue [40]. In this SR, ten clinical studies involving humans 
utilized solid carriers for simvastatin delivery [2–4, 7, 32, 
33, 35–38].

Carriers can be manufactured from a variety of materials 
and, based on their composition, are categorized as either 
natural or synthetic, permanent, or biodegradable. Natural 
materials have the advantage of being more biocompatible 
but tend to be more readily absorbed [40]. While synthetic 
materials are less biocompatible and less biodegradable, 
they have greater commercial availability and facilitate 
more controlled rates of simvastatin release and matrix bio-
degradation [42]. The majority of materials used as carri-
ers in the studies selected in this review, including those 



 Clinical Oral Investigations (2024) 28:8686 Page 14 of 17

conducted in humans and in vivo, can be categorized as 
natural, such as freeze-dried collagen/calcium sulfate [24], 
tricalcium phosphate-α-TCP [27], chitosan gel [31], micro-
spheres hydrogel [1], FDBA [30], gelatin hydrogel [26], 
collagen sponge [2, 4, 7, 32, 33, 35–37], Nanobone® [38], 
and methylcellulose [34]. In contrast, other materials can be 
considered synthetic, like poly [3] and PLGA [25, 28, 29]. 
However, efforts are underway to develop hybrid structures 
in order to minimize the drawbacks of both synthetic and 
natural materials.

Effects on pain and swelling

Pain and swelling were clinical parameters assessed in only 
7 out of the 11 RCTs included in this review [2, 4, 7, 34–37]. 
The most performed surgery in articles evaluating pain was 
the extraction of mandibular third molars (N=5) [2, 4, 7, 35, 
37], followed by extraction of first molars and first premolars 
(N=1) [34], and exclusively first molars extraction (N=1) 
[36]. The majority of studies assessed pain and edema using 
lower third molar surgery as a model, as these are symp-
toms commonly associated with the postoperative period 
of this type of surgery. Surgical trauma tends to range from 
moderate to intense, involving the compromise of both soft 
and hard tissues of the alveolus. The inflammatory response 
triggers the production and release of algogenic substances 
responsible for the characteristic pain and edema in these 
surgeries [43, 44]. Simvastatin may act by reducing inflam-
mation due to its effects on inhibiting enzymes that degrade 
tissues, such as matrix metalloproteinases (MMPs) [45]. 
Evaluation of these signs and symptoms is crucial as a clini-
cal indicator to assess tissue tolerance, safety, and accept-
ability of topical simvastatin use after tooth extraction by 
patients. The majority of studies did not find statistically 
significant effects of the simvastatin group compared to the 
control group (N=6) [4, 7, 34–37]. The only study in which 
there was a positive influence of the simvastatin group on 
pain was that of Diniz et al. The authors suggested that the 
absence of a collagen sponge in the control group could be 
a possible explanation for this difference in pain perception 
[2]. However, in the study by Chauhan et al., there was no 
positive influence of the simvastatin group, despite also not 
using a collagen sponge in the control group and having a 
similar sample size [37]. Nevertheless, it is important to note 
that the difference in findings of these studies may be related 
to the variation in the concentration of simvastatin used, as 
Diniz et al. employed twice the concentration [2].

Swelling was assessed in only 4 out of the 11 included 
RCTs in this study [2, 4, 7, 37]. Although the methods and 
assessment timings were quite similar across the articles, 
there was a discrepancy in the obtained results. Two RCTs 
identified significant signs of swelling increase in the group 
that received simvastatin [2, 4]. The study by Deepanjali 

et al. [4] employed a methodology very similar to that of 
Degala et al. [7] in terms of simvastatin concentration, vehi-
cle, swelling assessment method, and dental group extracted. 
However, the results were distinct. The peak of post-opera-
tive edema related to third molar extraction can persist for 
up to 72 h, making this a crucial period for patient evalua-
tion [46]. Deepanjali et al. observed a significant increase 
in swelling in the simvastatin group as early as the first 
post-operative day, but not on the third or seventh day [4]. 
Conversely, the study by Degala et al. assessed swelling on 
the first and seventh postoperative days, without identifying 
significant differences between the groups [7]. In the study 
by Diniz et al., the swelling was evaluated on the third and 
seventh postoperative days, with significance observed in the 
simvastatin group only on the third day [2].

Future perspectives

A singular therapeutic approach for the effective and pre-
dictable treatment of extraction sockets has not been identi-
fied yet. The methodological discrepancies led to few stud-
ies using the same protocol of simvastatin [15]. Although 
evidence points to promising clinical applications of topical 
simvastatin, many questions still need to be answered before 
its widespread use. Currently, there is no vehicle capable 
of providing controlled, uniform, and continuous release 
of simvastatin. A significant portion of the drug undergoes 
degradation by local enzymes or is diluted and incorporated 
into the circulatory system. Additionally, simvastatin exhib-
its low affinity and limited selectivity for target cells, which 
may reduce its effectiveness and increase toxicity. Therefore, 
the development of new technologies, such as antibody-drug 
conjugation, could enhance selectivity and optimize the oste-
ogenic and anti-osteoclastogenic effects on the cells of inter-
est, thereby reducing potential undesirable toxic effects [40].

A recent study developed polyacid and biphasic ceramic 
scaffolds embedding simvastatin (PLGA + HA/βTCP + SIM) 
with the aim of achieving a more controlled release of simv-
astatin. This approach also leverages the combined benefits 
of the individual characteristics of the materials used in the 
composition of the carrier, including the release of phosphate 
and calcium ions from the biphasic ceramics, along with 
enhanced compression resistance and improved degradation 
rates. The polymeric scaffolds within the carrier facilitate the 
incorporation of the bioactive substance for osteoinduction. 
Tests conducted in the study by Sordi et al. on stem cells from 
human exfoliated deciduous teeth using PLGA + HA/βTCP + 
SIM demonstrated promising results, as they stimulated alka-
line phosphatase activity and increased the levels of calcium, 
osteocalcin, and osteonectin proteins [47].

In vivo studies suggest a promising use of topically 
applied simvastatin on the surface of titanium implants to 
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enhance surface treatment and osseointegration. However, 
crucial questions persist, such as determining the optimal 
concentration and the need for more substantial evidence 
regarding the effects of implant osseointegration in humans 
[48]. Recently, a combination of a spongy xenogeneic scaf-
fold loaded with simvastatin was employed in the recon-
struction of severe alveolar horizontal defects, showing 
promising results. The authors compared this technique 
to conventional guided bone regeneration using xenogenic 
bone graft plus collagenous membrane and observed signifi-
cantly greater bone production in the group with the spongy 
xenogeneic scaffold loaded with simvastatin [49].

Currently, grafts such as allogeneic and xenogeneic are 
widely employed in alveolar preservation, acting as osteo-
conductive structural supports [15, 37]. However, Barootchi 
et al.’s study suggests that despite a low complication rate, 
conventional grafts may not fully eliminate the need for 
additional grafting in dental implant surgeries, potentially 
leading to the presence of large amounts of non-integrated 
bone graft particles at the time of surgical reentry, lack 
of primary stability, and implant osseointegration failure.
Additionally, allogeneic or xenogeneic alveolar ridge pres-
ervation is associated with higher costs, although it shows 
better performance compared to the use of alloplastic grafts 
or spontaneous healing [15]. Comparatively, the results of 
this review suggest that simvastatin also exhibits good tissue 
tolerance, and its action stands out for directly influencing 
the biological processes of bone formation, unlike conven-
tional grafts that focus on creating a conducive environment 
for regeneration. Simvastatin, with its osteoinductive action, 
offers an innovative perspective, while conventional grafts 
remain a reliable choice for providing structural support in 
bone regeneration. New tissue engineering techniques, com-
bining the effects of a vehicle with osteoconductive proper-
ties with the effects of a bioactive substance with osteoin-
ductive properties, such as simvastatin, have the potential 
to significantly optimize treatments in the field of bone 
reconstruction associated or not with implant dentistry and 
maxillofacial surgery. While the use of simvastatin for bone 
reconstruction purposes may be on the horizon, it is impor-
tant to consider that future research will face the challenge of 
establishing reliable parameters for practical application in 
a clinical setting. This includes determining the most effec-
tive concentration, the ideal vehicle, and the follow-up time 
for achieving optimal results without exposing patients to 
additional risks. In addition, no studies addressed aspects of 
the learning curve or the cost–benefit ratio of the minimally 
invasive approaches, such as simvastatin. We also empha-
size the need for well-conducted randomized clinical studies, 
with larger sample sizes (adequately powered) and longer 
follow-up periods, as well as the possibility of multicenter 
studies to precisely define the effects of topical application 
in various indications in Dentistry.

Conclusions

Intra-alveolar simvastatin application after tooth extraction 
has demonstrated effectiveness and safety in alveolar bone 
preservation, utilizing various concentrations and carrier 
vehicles, with no notable adverse effects. However, there are 
significant limitations in the studies that still do not allow 
for conclusive and error-free recommendations for the topi-
cal use of simvastatin in dentistry. The results presented in 
this SR exhibit conflicting data regarding dosage, duration of 
drug delivery, and test subject species (human, rat, and rab-
bit); some studies have small sample sizes, limited post-oper-
ative follow-up time, and diverse study designs, and there-
fore, they need to be analyzed and interpreted with caution.
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