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Abstract 

Objectives  Statins are a category of medications widely used to reduce plasma LDL-cholesterol levels, that also pos-
sess antibacterial, anti-inflammatory, and immunomodulatory action.

The aim of this systematic review was to explore the effects of systemic statins therapy on the development and treat-
ment of apical periodontitis (AP) on humans and animals.

Material and methods  Three electronic databases (PubMed, Web of Science, and Scopus) and grey literature were 
searched from their inception until February, 20 2023 (PROSPERO CRD42021246231). For the quality assessment 
and risk of bias, different guidelines were used according to the typology of the studies considered (Animal Research 
Reporting of In Vivo Experiments, Newcastle–Ottawa Quality Assessment Form for Cohort Studies, Systematic Review 
Centre for Laboratory animal Experimentation Risk of Bias tool and Tool to assess risk of bias in cohort studies of CLAR-
ITY Group).

Results  Seven hundred eleven records were screened, and six articles were included for this qualitative review. The 
eligible studies showed a moderate overall quality and risk of bias. Human patients in treatment with statins exhibited 
a higher healing rate of AP following root canal treatment. In experimental animal models, statins had a beneficial 
effect on the development of AP.

Conclusions  Despite the limited number of studies and considering that most of them are on animals, our findings 
suggest that systemically administered statins make a positive contribution to prevent the development and help 
healing of AP.

Clinical relevance  There is an increased evidence that a pharmacologic adjunct to endodontic treatment 
may be considered to enhance healing of AP. Among other medications, statins seem to have a positive impact 
on the disease.

Keywords  Apical periodontits, Systemic statins, Endodontic outcome

Introduction
Apical periodontitis (AP) is an inflammatory disease 
characterized by the host reaction to an infection 
caused by polymicrobial colonization in the root canal 
[1–3]. One of the pathognomonic signs of AP is the 
presence of an osteolytic lesion within the maxillary 
bones [4]. Non-surgical root canal therapy (NsRCT) is 
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the treatment of choice for AP and is used to eliminate 
or reduce the bacterial load inside the endodontium, 
thus resolving the inflammatory reaction and promot-
ing healing of the periapical tissues [5].

Approximately, in 75–80% of cases, AP heals after 
NsRCT [6]. The persistence of the disease is often asso-
ciated with a lack of adequate instrumentation or disin-
fection of the root canal system [7], but it has also been 
emphasized that the host immune system plays a role in 
the outcome of endodontic treatment [8, 9]. Consider-
ing that the inception, clinical manifestations, and post-
treatment healing response of AP are influenced by the 
intensity and duration of the inflammatory response, 
as well as by the velocity of its resolution [10–13], it is 
reasonable to reflect on the benefit of a pharmacologi-
cal adjunct to a well performed endodontic treatment 
of AP [13–20]. Therapeutics that modulate the patient’s 
immune response either by limiting the intensity of the 
inflammation, or by promoting the return to homeo-
stasis may contribute to the healing of AP following a 
correct therapy. Whether these agents are locally (i.e., 
in the form of intracanal medications) [13–15] or sys-
temically administered [15–20], they may improve the 
outcome of endodontic treatment.

Among these medications, a possible beneficial 
effect of the use of statins on the inception and healing 
of AP has been suggested by recent endodontic litera-
ture [18, 21–26].

Statins are the most effective drugs for reducing 
plasma LDL-cholesterol levels [27]. They act by com-
petitive inhibition of 3-hydroxy-3-methylglutaryl-coen-
zyme A reductase (HMGCoA-reductase), the regulatory 
enzyme involved in the synthesis of cholesterol, which 
diminishes the intracellular concentration of choles-
terol, increases the number of HDL receptors on the cell 
surface and the uptake of plasma LDL by hepatocytes, 
leading to a decrease in cholesterolemia [28]. Moreover, 
several experimental studies have suggested that statins 
exhibit a larger spectrum of action, defined as the pleio-
tropic effects [29–32] The potential of these drugs is 
linked to the inhibition of the synthesis of isoprenoids 
(intermediates of the cholesterol biosynthetic pathway), 
also derived from HMGCoA activity [29, 31]. The result 
is the post-translational prenylation of small GTP-bind-
ing proteins such as Rho and Rac and inhibition of their 
effectors, Rho kinase and nicotinamide adeninedinu-
cleotide phosphate oxidases [30, 31]. In cell culture and 
animal studies, these effects alter the development of 
cardiac hypertrophy and fibrosis, stability of atheroscle-
rotic plaques, expression of endothelial nitric oxide syn-
thase, and production of pro-inflammatory cytokines 
and reactive oxygen species [29, 32].

In dental field, administration of statins has shown a 
favorable effect in preventing alveolar bone loss in ani-
mal experimental periodontitis [33], while humans with 
chronic periodontitis and on statins, exhibited less tooth 
loss [34], and lower signs of periodontal lesions, com-
pared to controls [35]. Furthermore, hyperlipidemic 
patients taking statins had less gingival bleeding and 
probing compared to not statin users [36]. Most impor-
tantly, a randomized clinical trial concluded that statins 
significantly reduced the periodontal inflammation in a 
dose-dependent manner [37].

Therefore, this systematic review aimed to identify rel-
evant clinical studies that have examined the relationship 
between the systemic administration of statins and the 
incidence, prevalence, and/or healing of AP.

Materials and methods
The current systematic review was conducted  and 
reported  according  to  the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses Protocols statement 
2020 (PRISMA statement 2020) [38, 39] (Supplementary 
Table 1, Supplementary table 2). The protocol was defined 
and agreed to by all authors, and it was registered under the 
International Prospective Register of Systematic Reviews – 
PROSPERO (registration number CRD42021246231) [40].

Focused question
Can systemic administration of statins affect the inception 
and healing of AP in humans and animal models?

Inclusion criteria
Based on the PICOS [41], the main criteria for consider-
ing studies for this review are as follows:

a.	 Types of participants: patients with an AP.
b.	 Types of interventions (test group): studies evaluat-

ing the effect of the only systemic administration of 
statins on inception, development and healing of AP.

c.	 Comparison (control group): patients with AP not in 
treatment with statins.

d.	 Outcome: prevalence and healing of AP.

Studies where participants do not present at least one 
AP, ex  vivo, in  vitro, and in silico models only studies, 
studies that included experimental models with comor-
bidities or with administration of other medications, 
studies that did not provide a detailed description of the 
methodology used, review papers, opinion articles and 
conference abstracts were excluded.
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Literature search strategies
The search was conducted independently by two review-
ers (FI and  MFM). The following electronic databases 
were searched: PubMed (https://​www.​ncbi.​nlm.​nih.​
gov/​pubmed), Scopus (https://​www.​scopus.​com), and 
Web  of  Science (https://​www.​webof​scien​ce.​com/​wos/​
woscc/​basic-​search) from the date of foundation of the 
databases to February, 20 2023. Supplemental research 
was performed by screening the reference sections of 
the relevant studies eligible for inclusion in the present 
systematic review. Furthermore, some digital reposito-
ries available such as Google Scholar™ (first one hundred 
results were considered) and OpenGrey (http://​www.​
openg​rey.​eu) were investigated in order to explore any 
conference papers, unpublished data and grey publica-
tions. In addition, other resources, including the citations 
and reference lists of relevant articles and textbooks, 
were searched manually.

The following keywords were used for research:

(statin OR simvastatin OR statins) AND (apical peri-
odontitis OR endodontic treatment OR endodon-
tic lesion OR endodontic OR endodontics OR root 
canal treatment OR endodontic diseases OR periapi-
cal lesion OR pulp healing). Details of the number of 
articles retrieved from each database are shown in 
Supplementary table 3.

Study selection
Articles found from the above search strategy, after 
removing duplicates, were first screened  by two cali-
brated reviewers (FI and MFM) based on the relevance of 
the title and abstract, and sequentially excluded accord-
ing to the eligibility criteria. Prior to the formal screening 
process, a calibration exercise was undertaken to pilot 
and refine the screening questions. To obtain an agree-
ment between the authors, 10% of the publications were 
randomly selected and their classification was compared, 
and then a Kappa statistic was determined (Kappa = 0.80). 
During the second screening, full-text articles were 
reviewed to  make the final inclusion/exclusion deci-
sion. In cases of disagreement, a consensus was obtained 
through discussion or by involving a third reviewer (EC). 
Articles that fulfilled all the criteria after reading the full 
text were selected for detailed data processing.

Quality assessment
Relevant appraisal tools mentioned in the literature were 
used to classify the level of information in the articles 
and assess the risk of bias. The quality appraisal check-
lists were elaborated on a system where each item was 
assigned 0 if the item was not fulfilled, 0.5 if partially 

fulfilled, or 1 if completely fulfilled, and scored indepen-
dently by two reviewers (FI  and  MFM). The differences 
were resolved through discussion. In cases of disagree-
ment, a third reviewer (EC) was involved for reaching a 
consensus.

Animal studies were evaluated according to the Animal 
Research Reporting of In  Vivo Experiments (ARRIVE) 
guidelines [42]. Individual full texts were assessed; arti-
cles scoring ≤ 5 were classified as low-level, articles with 
a score between 5 and 15 as moderate, and articles with a 
score ≥ 15 as high-level information.

The  only  cohort study included was evaluated 
using the  “Newcastle–Ottawa Quality Assessment 
Form  for  Cohort Studies”  guidelines [43]. In the evalu-
ation of the full texts, articles with scores less than or 
equal to 2 were classified as low-level information, scores 
between 2 and 7 as moderate-level, scores greater than or 
equal to 7 as high-level information.

Risk of bias
The Systematic Review Center for Laboratory Animal 
Experimentation (SYRCLE) RoB tool was used to assess 
the risk of bias in animal intervention studies [44]. Eligi-
ble articles were evaluated and studies scoring ≤ 3  were 
classified as having a high risk of bias, those scoring 
between 3 and  7  as having a moderate risk of bias, and 
those scoring ≥ 7 as having a low risk of bias.

The “Tool to assess risk of bias in cohort studies  of 
CLARITY Group”  was used to grade the risk of bias 
for  the only  cohort  study  included  (https://​www.​evide​
ncepa​rtners.​com/​wp-​conte​nt/​uploa​ds/​2017/​09/​Tool-​to-​
Assess-​Risk-​of-​Bias-​in-​Cohort-​Studi​es.​pdf ). Among the 
eligible articles, those scoring ≤ 2 were classified as high 
risk, those scoring between 2.5 and 6.5 as moderate risk, 
and those scoring ≥ 7 as low risk of bias.

Data extraction and synthesis
Data extraction was carried out independently by two 
reviewers (MFM and FI), using a specially designed 
form, and the accuracy of the data collected was con-
firmed by a third reviewer (EC). The following informa-
tion was extracted: title of the article, authors  and  year 
of publication, animal species, samples, disease induc-
tion,  statins  considered, statin mode of administration, 
treatment period, follow-up, outcome measurements and 
methods, results and source of funding.

Substantial heterogeneity of methods emerged from 
the selection of the studies, which precludes the conduct 
of quantitative data synthesis necessary for a meta-anal-
ysis. The clinical results were extracted and qualitatively 
summarized and a descriptive systematic review was 
performed.

https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed
https://www.scopus.com
https://www.webofscience.com/wos/woscc/basic-search
https://www.webofscience.com/wos/woscc/basic-search
http://www.opengrey.eu
http://www.opengrey.eu
https://www.evidencepartners.com/wp-content/uploads/2017/09/Tool-to-Assess-Risk-of-Bias-in-Cohort-Studies.pdf
https://www.evidencepartners.com/wp-content/uploads/2017/09/Tool-to-Assess-Risk-of-Bias-in-Cohort-Studies.pdf
https://www.evidencepartners.com/wp-content/uploads/2017/09/Tool-to-Assess-Risk-of-Bias-in-Cohort-Studies.pdf
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Results
Studies selection
The searches of PubMed, Scopus, and Web of Sci-
ence yielded  429, 126,  and  156  articles, respectively, 
for a total of 711 records. Eighty-three articles were 
left after removal of  628  duplicates. After the initial 
screening (title and abstract),  76  articles were excluded. 
The seven articles left were subjected to a full-text review 
for eligibility assessment [18, 22–26, 45]. One article was 
excluded because  it did not satisfy the inclusion  crite-
ria [40]. Finally, six articles were used for the systematic 
review [18, 22–26] (Fig. 1).

The following exclusion criteria were: [1] Studies where 
participants were not affected by AP, [2] ex vivo, in vitro, 
and in silico models only studies, [3] studies that included 
experimental models with comorbidities or with admin-
istration of other medications, [4] studies that did not 
provide a detailed description of the methodology used, 

[5] review papers, [6] opinion articles and [7] conference 
abstracts were excluded.

Characteristics of the studies
The six in vivo studies selected were published between 
2009 and 2018 [18, 22–26]. Among the included articles, 
only one was a  retrospective  human cohort  study  [18]. 
The present cohort study analyzed whether there was 
an association between statin intake and AP healing fol-
lowing NsRCT. All patients included in this investigation 
(30 cases and 30 controls) received a well-performed ini-
tial NsRCT or re-treatment in teeth presenting with AP 
lesions with a minimum diameter of 3  mm. The treat-
ment was performed by the endodontic residences in a 
university setting from 2011 to 2014. Patients who took 
therapies that can alter bone metabolism were excluded, 
and all other confounding variables that may influence 
the outcome of endodontic treatment (age, sex, diabetes, 

Fig. 1  The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 flowchart used for the study selection
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smoking and cardiovascular diseases, periapical diag-
nosis, follow-up, primary or secondary root canal treat-
ment, and tooth type) were considered in the multivariate 
logistic regression analysis. The patients were treated 
using different types of statins (simvastatin, atorvastatin, 
pravastatin, rosuvastatin, lovastatin) at different dos-
ages [10, 20, 40, 80 mg daily], whereas the controls were 
thirty  healthy subjects without AP. All patients meeting 
the inclusion criteria of the study had completed a fol-
low-up examination 2–5  years post-treatment, includ-
ing radiographic and clinical evaluation. AP healing was 
assessed using the periapical index (PAI) [46], which 
was attributed to the radiographs by two calibrated and 
expert endodontists [18].

Among the other five articles selected, one was an 
in  vivo animal study [26], and all the others were com-
bined in vitro/in vivo animal studies [22–25]; however, in 
respect of the inclusion criteria, only the in vivo experi-
ments part of the research were considered. The animal 
species employed included Sprague–Dawley rats  [22–
25] and Wistar rats [26]. Four studies used a case sample 
of 10 rats compared to 10 controls [22–25], and the fifth 
study analyzed 25 rats: 12 cases, 12 controls, and 1 nega-
tive control (without any intervention) [26]. In all experi-
ments, one mandibular molar from each rat was selected 
[22–26]. In three studies,  AP  was induced by accessing 
the pulp chamber and leaving it open  in all treatments 
time [22–24]. Alternatively, AP was induced by extirpat-
ing the pulp, contaminating  the canals with  saliva, fill-
ing the access with temporary cement  [26], or sealing 
the exposed pulp chambers with amalgam [25]. In all the 
included studies, the drug compound examined was sim-
vastatin, which was administered to the animals by injec-
tions given either on days 1 and 7 [22, 23], at day 0 and 
then every 5 days until day 21 [24], or from day 20 every 
5  days until  day 35 [25], depending on the protocol. In 
one research, the rats were fed using gavage for 20 days, 
starting 10  days before pulp exposure [26]. The dose of 
simvastatin administered was 20  mg/kg in all the five 
animal studies, representing the equivalent of a human 
dose of about 1.6  mg/kg, which is a little higher than 
that used in a standard therapy for humans (0.1–1.0 mg/
kg per day). Four studies used both immunohistochem-
istry and imaging, bidimensional radiographs [22–25], 
and computerized tomography (CT) [25] to investigate 
AP, whereas in one experiment, only immunohistochem-
ical analysis was conducted [26].

In all these studies, the protective activity of statins 
against bone resorption resulting from the inflamma-
tory processes of AP was evaluated. All the experiments 
included a study group (animals under the simvastatin 
effect) and a control group (animals receiving placebo). 
Osteoblasts are the most commonly considered cells. 

Lai et al. [23] and Yang et al. [25], examined the impor-
tance of the balance of apoptosis/autophagy/mitophagy 
mechanisms of osteoblasts during the development of 
AP. Both studies evaluated the occurrence of apoptosis 
through a procedure called the terminal deoxynucle-
otidyl transferase-mediated deoxyuridine triphosphate 
nick end-labeling (TUNEL) reaction, which allows the 
detection of DNA strand breaks, which are the result 
of endonuclease activity during the late stage of the 
apoptotic cascade [23, 25]. Lai et  al., also considered 
the number of osteoblasts with Beclin-1 + , a marker of 
the autophagic process [23], whereas Yang et  al. ana-
lyzed hypoxia-induced mitophagy in osteoblasts in the 
presence of PTEN-induced kinase 1  (PINK-1) in these 
cells in AP [25]. Shadmehr et al. focused on the expres-
sion of osteoprotegerin (OPG) and receptor activator of 
NF-kappa B LIGAND (RANK-L), fundamental for the 
regulation of bone apposition in AP, by means of RNA 
extraction and quantitative real-time PCR [26]. Finally, 
in two studies [22, 24] the recruitment of histiocytes/
macrophages in the resorption lacunae of AP was evalu-
ated by testing the presence of the inflammatory process 
Cluster of Differentiation 68 (CD68). Furthermore, they 
analyzed the expression of some inflammatory markers 
in osteoblasts, such as cysteine-rich angiogenic inducer 
61 (Cyr 61), a TNFα-stimulated protein that promotes 
cell adhesion, chemotaxis, angiogenesis, and regulates 
tumor growth [22, 24], the chemokine C–C motif ligand 
2 (CCL2), which is involved in the recruitment of mono-
cytes, memory T cells, and dendritic cells to the sites of 
inflammation, and PHOSPHO-Forkhead box class O 3a 
(p-FoxO3a), an inactivated transcriptional repressor of 
Cyr61 by phosphorylation [24].

The treatment groups and experimental design 
employed in each of the included studies are described in 
detail in Table 1.

Quality assessment
The five animal studies  evaluated  using the 
ARRIVE  guidelines  showed a moderate grade of qual-
ity  [22–26] (Fig.  2). The cohort study  was  evaluated 
using the “Newcastle Ottawa Quality Assessment 
Form  for  Cohort Studies”  guidelines  and  exhibited a 
moderate grade of quality [18] (Fig. 3).

Risk of bias
Five animal studies evaluated using the SYRCLE tool pre-
sented a moderate risk of bias [22–26] (Fig. 4).

The cohort study was evaluated with the “Tool to assess 
risk of bias in cohort studies of CLARITY Group,” and it 
also showed a moderate risk of bias [18] (Fig. 5).

The eligible studies showed a moderate overall quality 
and a moderate risk of bias. Considering the scarcity of 
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studies investigating this topic, all studies meeting the 
inclusion criteria were included in this review to provide 
the best and most comprehensive available evidence.

Answer to the focused question
Can systemic administration of statins affect the inception 
and healing of AP in human and animal models?

All included studies showed a beneficial effect of statins 
on AP in humans and experimental animal models 
(Table 1) [18, 22–26].

The hypothesis that statins could be associated with an 
increased healing rate of AP was supported by the retro-
spective cohort study in humans [18]. The rate of healing 
of AP in 30 patients undergoing treatment with statins, 
at 2 to 5  years follow-up was significantly higher in the 
study group (93%) compared to that in the control (70%), 
even though the cases were older in age than the controls 
(63 ± 9.7 vs 53.8 ± 16.1 years), and the patients were pre-
scribed different types and dosages of statins. It is impor-
tant to underline that this altered match between cases 
and controls, which make the results even more signifi-
cant, can also be considered the main limitation of this 
included study.

In animal research, simvastatin appeared to positively 
affect the development of induced AP. In most studies 
[22–26], the radiographic [22–24], tomographic [25], 
and image analyses [22–25] showed that bone resorp-
tion was significantly attenuated in animals which were 
administered subcutaneous injections of simvastatin, 
either immediately before [22, 23], at the same time [24], 
or after [25] the induction of AP. This effect was observed 

in the average sizes [22–24] and volumes [25] of the AP 
lesions, which were significantly smaller in the animals 
treated with statins than in the controls.

Better preservation of bone integrity, manifested as 
smoother bony contours in the periradicular lesions 
of the involved teeth, was also observed in the research 
group as a possible result of a less aggressive osteolytic 
activity occurring in the lesions [23, 24]. Furthermore, 
when the most important factors involved in osteo-
clast differentiation were analyzed [26], the expres-
sion of RANKL decreased, while OPG, an inhibitor of 
the resorptive effects of RANKL, increased in a time-
dependent manner in the simvastatin group [26]. Lastly, 
immunohistochemistry showed that mitophagy (PINK-1) 
[25], apoptosis (TUNEL) [23, 25], and pro-inflammatory 
markers (Cyr-61, CCL2, p-FoxO3a, and CD68) [22, 24] 
were significantly lower in the statin-treated rats. The 
only autophagy marker considered (Beclin-1) was promi-
nent in osteoblasts and fibroblasts of the study group, 
suggesting that autophagy exerts a protective role against 
cell death during the development of AP [23]. These data 
demonstrate that there is an association between statin 
administration and protective action during the incep-
tion of AP in animal models.

Discussion
Apical periodontitis is a disease characterized by a preva-
lently chronic inflammatory response to infection of the 
root canal system of the affected tooth and is usually rep-
resented by the presence of a radio-transparent lesion 
located around the apical portion of the root [1–3].

Fig. 2   Quality assessment of the included studies on animals following the animal research: reporting of in vivo experiments guidelines 
and the systematic review centre for laboratory animal
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The pathogenesis, development, and healing of AP are 
regulated by intertwining immunological mechanisms 
that influence bone destruction and apposition [1–3, 9, 
16, 18–20, 47]. Apical periodontitis is a highly prevalent 
disease involving 52% of the adult population worldwide, 
and noticeably, it is more frequently found in teeth that 
have already undergone NsRCT [48]. These data pose 
further concerns regarding the healing of AP follow-
ing treatment, as the presence of untreated or persistent 
AP represents both an inflammatory burden and a fac-
tor that ultimately leads to loss of teeth, which in turn is 
associated with a lower quality of life of the older popula-
tion [49]. The treatment for the resolution of AP is based 
on the elimination or at least the reduction of the micro-
bial load from the root canal through the accurate instru-
mentation, disinfection and obturation of the endodontic 
space, followed by an adequate coronal restoration of the 
tooth to prevent re-infection [50].

Following NsRCT, the potential for a favorable out-
come of AP is in the range of 75–80% [6], and the vol-
ume of untreated canals is significantly associated with 
the persistence of the disease [51]. The healing of AP is 
also influenced by host health conditions [10] and by 
their predisposition to stronger inflammatory reactions 
[11, 12]. Based on these concepts, there has been grow-
ing attention on how intracanal medications and various 

drugs taken systemically may affect the healing of AP, 
possibly by attenuating the inflammation caused by 
endodontic infection [13, 14, 19, 20, 52, 53], or promot-
ing its resolution after treatment [15, 18].

The main limit of this systematic review is related to 
its qualitative and descriptive nature, and to the impos-
sibility to produce a meta-analysis. Furthermore, almost 
all data are based on animal studies and it is important 
to emphasize that the translation of the results obtained 
in the included studies to humanreactions is limited. 
The review aimed to analyze the role of systemic intake 
of statins in the development and healing of AP, as these 
medications, in addition to their effect on cholester-
olemia, possess antibacterial [54], anti-inflammatory, and 
immunomodulatory action [29–31]. Of the six articles 
investigated (Table 1), only the retrospective cohort study 
found a significant relationship between statin intake 
and the rate of healing of AP at 2- to 5- year follow-up 
and indicated that statins contributed to a 10% increase 
in healed periapical lesions associated with NsRCT [18]. 
This result seems to be even more interesting when con-
sidering that the patients in the study group were older 
than the controls and that they were taking different 
kinds of statins at various dosages, simvastin being the 
most used. At the same time the difference in the age 
of the two groups and the variety of statins and dosages 

Fig. 3  Quality assessment of the Cohort Study included following the Newcastle–Ottawa Quality Assessment Form. For Cohort Studies guidelines 
and the Tool to assess risk of bias in cohort studies of CLARITY Group
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assumed by the patients in this study, represent also its 
major limitation, associated to the small sample size.

Beneficial effects of statin intake on AP were also 
consistently shown in all the selected in  vivo studies 
conducted in experimental animal models [22–26], 
in which the objective was to observe whether the 
administration of statins could influence the inception 
and development of AP. In all these studies, simvasta-
tin appeared to affect the development of induced AP, 
because the animals that were administered the medi-
cations using different protocols (Table  1) had signifi-
cantly reduced lesion size (61.3% to 57.4%) [22–24] 
and volume [25] compared to the controls. The lesions 
also exhibited more regular bone contours, hypotheti-
cally as the result of a milder osteolytic activity [23, 24], 
which in turn was explained by the decreased expres-
sion of RANKL and the parallel increase in the expres-
sion of OPG [23, 26], and by the lower concentration of 

mitophagy [25], apoptosis [23, 25], and pro-inflamma-
tory markers [22, 23] found in statin-treated animals. 
These results are thus promising, even if they need to 
be interpreted with caution because obtained from ani-
mal models, and supported by laboratory experiments.

However, when adjunctive intake of statins was con-
sidered with regard to periodontal therapy, it resulted 
in better clinical and radiographic parameters, but the 
evidence was considered too low to conclude that these 
medications enhance periodontal treatment [37, 55].

Last, even though statins are considered safe and well 
tolerated, they could determine few side effects [56], the 
most severe of which is myotoxicity in its various forms, 
including myopathy, myalgia, myositis and rhabdomyoly-
sis [57]. These adverse conditions are usually related to 
drug interactions (60% of cases) [58] and to high dosage 
chronic treatments which could led to cellular membrane 
hyperexcitability [59].

Fig. 4  Risk of bias of the included studies on animals following the Animal Research: Reporting of In Vivo Experiments guidelines 
and the Systematic Review Centre for Laboratory animal Experimentation RoB tool
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Conclusions
Within the limitations of the reported studies and of 
this systematic review, it can be observed that statins 
may have a valuable impact on the health of the peri-
apical and periodontal tissues, which could be attrib-
uted to their anti-inflammatory properties and 
immunomodulatory effects, which could prevent the 
development of extensive lesions of AP and positively 
influence their resolution upon treatment. In light of 
these conclusions, well-designed clinical studies on 
humans are required to confirm the effects of these 
medications. An investigation on the prevalence of api-
cal periodontitis in patients taking statins could give 
further information on the effect of statins on AP. Then, 
testing a topical application of statins within a formula 
for an intracanal medication or inside a root canal 
sealer could be evaluated.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12903-​023-​03472-3.

Additional file 1: Supplementary table 1. Prisma 2020 checklist for 
abstracts.

Additional file 2: Supplementary table 2. Prisma 2020 Checklist.

Additional file 3: Supplementary Table 3. Details of the number of 
articles retrieved from each database and search strategy.

Acknowledgements
This study was partially supported by FONDAZIONE DI SARDEGNA, ROL 2022
The authors deny any conflict of interest related to this study

Authors’ contributions
Conceptualization: Francesca Ideo and Elisabetta Cotti. Methodology: Matteo 
Francesco Manca, Francesca Ideo, Giulia Bardini. Writing—original draft prepa-
ration: Francesca Ideo. Writing—review and editing: Francesco Mannocci, 
Sadia Niazi, Elisabetta Cotti. Funding acquisition: Elisabetta Cotti. Supervision: 
Elisabetta Cotti, Francesco Mannocci.

Fig. 5  Risk of bias of the cohort study included following the tool to assess risk of bias in cohort study of CLARITY group

https://doi.org/10.1186/s12903-023-03472-3
https://doi.org/10.1186/s12903-023-03472-3


Page 12 of 13Ideo et al. BMC Oral Health          (2023) 23:730 

Funding
This study was partially supported by FONDAZIONE DI SARDEGNA, ROL 2022.

Availability of data and materials
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable, because this article is a systematic review and no patients 
were involved.

Competing interests
The authors declare no competing interests.

Received: 19 June 2023   Accepted: 28 September 2023

References
	1.	 Sasaki H, Stashenko P, Franklin RT, Seltzer S, Hargreaves KM, Goodis HE. 

Interrelationship of the pulp and apical periodontitis. In: Seltzer and 
Bender’s Dental Pulp. Chicago: Quintessence Publishing; 2012. p. 277–99.

	2.	 Márton IJ, Kiss C. Overlapping protective and destructive regulatory 
pathways in apical periodontitis. J Endod. 2014;40(2):155–63. https://​doi.​
org/​10.​1016/j.​joen.​2013.​10.​036.

	3.	 Braz-Silva PH, Bergamini ML, Mardegan AP, De Rosa CS, Hasseus B, Jonas-
son P. Inflammatory profile of chronic apical periodontitis: a literature 
review. Acta Odontol Scand. 2019;77(3):173–80. https://​doi.​org/​10.​1080/​
00016​357.​2018.​15210​05.

	4.	 Silva BSF, Bueno MR, Yamamoto-Silva FP, Gomez RS, Peters OA, Estrela C. 
Differential diagnosis and clinical management of periapical radiopaque/
hyperdense jaw lesions. Braz Oral Res. 2017;3(31):e52. https://​doi.​org/​10.​
1590/​1807-​3107B​OR-​2017.​vol31.​0052.

	5.	 Ricucci D, Langeland K. Apical limit of root canal instrumentation and 
obturation, part 2. A histological study. Int Endod J. 1998;31(6):394–409. 
https://​doi.​org/​10.​1046/j.​1365-​2591.​1998.​00183.x.

	6.	 Ng YL, Mann V, Gulabivala K. A prospective study of the factors affecting 
outcomes of nonsurgical root canal treatment: part 1: periapical health. 
Int Endod J. 2011;44(7):583–609. https://​doi.​org/​10.​1111/j.​1365-​2591.​
2011.​01872.x.

	7.	 Vieira GCS, Pérez AR, Alves FRF, Provenzano JC, Mdala I, Siqueira JF Jr, 
Rôças IN. Impact of Contracted Endodontic Cavities on Root Canal 
Disinfection and Shaping. J Endod. 2020;46(5):655–61. https://​doi.​org/​10.​
1016/j.​joen.​2020.​02.​002.

	8.	 Segura-Egea JJ, Martín-González J, Castellanos-Cosano L. Endodontic 
medicine: connections between apical periodontitis and systemic dis-
eases. Int Endod J. 2015;48(10):933–51. https://​doi.​org/​10.​1111/​iej.​12507.

	9.	 Márton IJ, Kiss C. Protective and destructive immune reactions in apical 
periodontitis. Oral Microbiol Immunol. 2000;15(3):139–50. https://​doi.​org/​
10.​1034/j.​1399-​302x.​2000.​150301.x.

	10.	 Marending M, Peters OA, Zehnder M. Factors affecting the outcome of 
orthograde root canal therapy in a general dentistry hospital practice. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2005;99(1):119–24. 
https://​doi.​org/​10.​1016/j.​tripl​eo.​2004.​06.​065.

	11.	 Morsani JM, Aminoshariae A, Han YW, Montagnese TA, Mickel A. 
Genetic predisposition to persistent apical periodontitis. J Endod. 
2011;37(4):455–9. https://​doi.​org/​10.​1016/j.​joen.​2011.​01.​009. Erratum.
In:JEndod.2011Jun;37(6):887.

	12.	 Fouad AF, Khan AA, Silva RM, Kang MK. Genetic and Epigenetic Character-
ization of Pulpal and Periapical Inflammation. Front Physiol. 2020;4(11):21. 
https://​doi.​org/​10.​3389/​fphys.​2020.​00021.

	13.	 Hussein H, Kishen A. Local Immunomodulatory Effects of Intracanal 
Medications in Apical Periodontitis. J Endod. 2022;48(4):430–56. https://​
doi.​org/​10.​1016/j.​joen.​2022.​01.​003.

	14.	 Cotti E, Abramovitch K, Jensen J, Schirru E, Rice DD, Oyoyo U, Torabinejad 
M. The influence of adalimumab on the healing of apical periodontitis in 
ferrets. J Endod. 2017;43(11):1841–6. https://​doi.​org/​10.​1016/j.​joen.​2017.​
06.​019.

	15.	 Cotti E, Ideo F, Pedrazzini A, Bardini G, Musu D, Kantarci A. Prore-
solving mediators in endodontics: a systematic review. J Endod. 
2021;47(5):711–20. https://​doi.​org/​10.​1016/j.​joen.​2021.​01.​008.

	16.	 Cotti E, Mezzena S, Schirru E, Ottonello O, Mura M, Ideo F, Susnik M, 
Usai P. Healing of apical periodontitis in patients with inflammatory 
bowel diseases and under anti-tumor necrosis factor alpha therapy. J 
Endod. 2018;44(12):1777–82. https://​doi.​org/​10.​1016/j.​joen.​2018.​09.​
004.

	17.	 Cotti E, Careddu R, Schirru E, Marongiu S, Barca MP, Manconi PE, Mer-
curo G. A case of SAPHO syndrome with endodontic implications and 
treatment with biologic drugs. J Endod. 2015;41(9):1565–70. https://​
doi.​org/​10.​1016/j.​joen.​2015.​04.​005.

	18.	 Alghofaily M, Tordik P, Romberg E, Martinho F, Fouad AF. Healing of 
apical periodontitis after nonsurgical root canal treatment: the role of 
statin intake. J Endod. 2018;44(9):1355–60. https://​doi.​org/​10.​1016/j.​
joen.​2018.​06.​013.

	19.	 Peddis N, Musu D, Ideo F, Rossi-Fedele G, Cotti E. Interaction of biologic 
therapy with apical periodontitis and periodontitis: a systematic 
review. Aust Dent J. 2019;64(2):122–34. https://​doi.​org/​10.​1111/​adj.​
12684.

	20.	 Ideo F, Niazi S, Mezzena S, Mannocci F, Cotti E. Prevalence of apical peri-
odontitis in patients with autoimmune diseases under immunomodula-
tors: a retrospective cohort study. J Endod. 2022;48(6):722–9. https://​doi.​
org/​10.​1016/j.​joen.​2022.​02.​008.

	21.	 Yip N, Liu C, Wu D, Fouad AF. The association of apical periodontitis and 
type 2 diabetes mellitus: a large hospital network cross-sectional case-
controlled study. J Am Dent Assoc. 2021;152(6):434–43. https://​doi.​org/​
10.​1016/j.​adaj.​2021.​01.​005.

	22.	 Lin SK, Kok SH, Lee YL, Hou KL, Lin YT, Chen MH, Wang CC, Hong CY. 
Simvastatin as a novel strategy to alleviate periapical lesions. J Endod. 
2009;35(5):657–62. https://​doi.​org/​10.​1016/j.​joen.​2009.​02.​004.

	23.	 Lai EH, Hong CY, Kok SH, Hou KL, Chao LH, Lin LD, Chen MH, Wu PH, Lin 
SK. Simvastatin alleviates the progression of periapical lesions by modu-
lating autophagy and apoptosis in osteoblasts. J Endod. 2012;38(6):757–
63. https://​doi.​org/​10.​1016/j.​joen.​2012.​02.​023.

	24.	 Lin LD, Lin SK, Chao YL, Kok SH, Hong CY, Hou KL, Lai EH, Yang H, Lee 
MS, Wang JS. Simvastatin suppresses osteoblastic expression of Cyr61 
and progression of apical periodontitis through enhancement of the 
transcription factor Forkhead/winged helix box protein O3a. J Endod. 
2013;39(5):619–25. https://​doi.​org/​10.​1016/j.​joen.​2012.​12.​014.

	25.	 Yang CN, Kok SH, Wang HW, Chang JZ, Lai EH, Shun CT, Yang H, Chen 
MH, Hong CY, Lin SK. Simvastatin alleviates bone resorption in apical 
periodontitis possibly by inhibition of mitophagy-related osteoblast 
apoptosis. Int Endod J. 2019;52(5):676–88. https://​doi.​org/​10.​1111/​iej.​
13055.

	26.	 Shadmehr E, Khademi A. Effect of simvastatin on kinetics of osteopro-
tegrin/receptor activator nuclear kappa B Ligand mRNA expression in 
periapical lesions. Int Endod J. 2013;46(11):1077–82. https://​doi.​org/​10.​
1111/​iej.​12101.

	27.	 Delliaux S, Steinberg JG, Bechis G, Paganelli F, Oliver C, Lesavre N, Jammes 
Y. Statins alter oxidant-antioxidant status and lower exercise-induced 
oxidative stress. Int J Clin Pharmacol Ther. 2007;45(4):244–52. https://​doi.​
org/​10.​5414/​cpp45​244.

	28.	 Stossel TP. The discovery of statins. Cell. 2008;134(6):903–5. https://​doi.​
org/​10.​1016/j.​cell.​2008.​09.​008.

	29.	 Jain MK, Ridker PM. Anti-inflammatory effects of statins: clinical evidence 
and basic mechanisms. Nat Rev Drug Discov. 2005;4(12):977–87. https://​
doi.​org/​10.​1038/​nrd19​01.

	30.	 Liao JK, Laufs U. Pleiotropic effects of statins. Annu Rev Pharmacol Toxicol. 
2005;45:89–118. https://​doi.​org/​10.​1146/​annur​ev.​pharm​tox.​45.​120403.​
095748.

	31.	 Stancu C, Sima A. Statins: mechanism of action and effects. J Cell Mol 
Med. 2001;5(4):378–87. https://​doi.​org/​10.​1111/j.​1582-​4934.​2001.​tb001​
72.x.

https://doi.org/10.1016/j.joen.2013.10.036
https://doi.org/10.1016/j.joen.2013.10.036
https://doi.org/10.1080/00016357.2018.1521005
https://doi.org/10.1080/00016357.2018.1521005
https://doi.org/10.1590/1807-3107BOR-2017.vol31.0052
https://doi.org/10.1590/1807-3107BOR-2017.vol31.0052
https://doi.org/10.1046/j.1365-2591.1998.00183.x
https://doi.org/10.1111/j.1365-2591.2011.01872.x
https://doi.org/10.1111/j.1365-2591.2011.01872.x
https://doi.org/10.1016/j.joen.2020.02.002
https://doi.org/10.1016/j.joen.2020.02.002
https://doi.org/10.1111/iej.12507
https://doi.org/10.1034/j.1399-302x.2000.150301.x
https://doi.org/10.1034/j.1399-302x.2000.150301.x
https://doi.org/10.1016/j.tripleo.2004.06.065
https://doi.org/10.1016/j.joen.2011.01.009
https://doi.org/10.3389/fphys.2020.00021
https://doi.org/10.1016/j.joen.2022.01.003
https://doi.org/10.1016/j.joen.2022.01.003
https://doi.org/10.1016/j.joen.2017.06.019
https://doi.org/10.1016/j.joen.2017.06.019
https://doi.org/10.1016/j.joen.2021.01.008
https://doi.org/10.1016/j.joen.2018.09.004
https://doi.org/10.1016/j.joen.2018.09.004
https://doi.org/10.1016/j.joen.2015.04.005
https://doi.org/10.1016/j.joen.2015.04.005
https://doi.org/10.1016/j.joen.2018.06.013
https://doi.org/10.1016/j.joen.2018.06.013
https://doi.org/10.1111/adj.12684
https://doi.org/10.1111/adj.12684
https://doi.org/10.1016/j.joen.2022.02.008
https://doi.org/10.1016/j.joen.2022.02.008
https://doi.org/10.1016/j.adaj.2021.01.005
https://doi.org/10.1016/j.adaj.2021.01.005
https://doi.org/10.1016/j.joen.2009.02.004
https://doi.org/10.1016/j.joen.2012.02.023
https://doi.org/10.1016/j.joen.2012.12.014
https://doi.org/10.1111/iej.13055
https://doi.org/10.1111/iej.13055
https://doi.org/10.1111/iej.12101
https://doi.org/10.1111/iej.12101
https://doi.org/10.5414/cpp45244
https://doi.org/10.5414/cpp45244
https://doi.org/10.1016/j.cell.2008.09.008
https://doi.org/10.1016/j.cell.2008.09.008
https://doi.org/10.1038/nrd1901
https://doi.org/10.1038/nrd1901
https://doi.org/10.1146/annurev.pharmtox.45.120403.095748
https://doi.org/10.1146/annurev.pharmtox.45.120403.095748
https://doi.org/10.1111/j.1582-4934.2001.tb00172.x
https://doi.org/10.1111/j.1582-4934.2001.tb00172.x


Page 13 of 13Ideo et al. BMC Oral Health          (2023) 23:730 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	32.	 Oesterle A, Laufs U, Liao JK. Pleiotropic effects of statins on the cardiovas-
cular system. Circ Res. 2017;120(1):229–43. https://​doi.​org/​10.​1161/​CIRCR​
ESAHA.​116.​308537. Erratum. In: Circ Res. 2018Sep28;123(8):e20.

	33.	 Bertl K, Steiner I, Pandis N, Buhlin K, Klinge B, Stavropoulos A. Statins 
in nonsurgical and surgical periodontal therapy A systematic review 
and meta-analysis of preclinical in vivo trials. J Periodontal Res. 
2018;53(3):267–87. https://​doi.​org/​10.​1111/​jre.​12514.

	34.	 Meisel P, Kroemer HK, Nauck M, Holtfreter B, Kocher T. Tooth loss, perio-
dontitis, and statins in a population-based follow-up study. J Periodontol. 
2014;85(6):e160–8. https://​doi.​org/​10.​1902/​jop.​2013.​130456.

	35.	 Lindy O, Suomalainen K, Mäkelä M, Lindy S. Statin use is associated 
with fewer periodontal lesions: a retrospective study. BMC Oral Health. 
2008;15(8):16. https://​doi.​org/​10.​1186/​1472-​6831-8-​16.

	36.	 Sangwan A, Tewari S, Singh H, Sharma RK, Narula SC. Periodontal 
status and hyperlipidemia: statin users versus non-users. J Periodontol. 
2013;84(1):3–12. https://​doi.​org/​10.​1902/​jop.​2012.​110756.

	37.	 Bertl K, Parllaku A, Pandis N, Buhlin K, Klinge B, Stavropoulos A. The effect 
of local and systemic statin use as an adjunct to non-surgical and surgi-
cal periodontal therapy-A systematic review and meta-analysis. J Dent. 
2017;67:18–28. https://​doi.​org/​10.​1016/j.​jdent.​2017.​08.​011.

	38.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J, Grimshaw 
JM, Hróbjartsson A, Lalu MM, Li T, Loder EW, Mayo-Wilson E, McDonald 
S, McGuinness LA, Stewart LA, Thomas J, Tricco AC, Welch VA, Whiting P, 
Moher D. The PRISMA 2020 statement: an updated guideline for report-
ing systematic reviews. BMJ. 2021;29(372):n71. https://​doi.​org/​10.​1136/​
bmj.​n71.

	39.	 van der Braak K, Ghannad M, Orelio C, Heus P, Damen JAA, Spijker R, 
Robinson K, Lund H, Hooft L. The score after 10 years of registration of 
systematic review protocols. Syst Rev. 2022;11(1):191. https://​doi.​org/​10.​
1186/​s13643-​022-​02053-9.

	40.	 Sideri S, Papageorgiou SN, Eliades T. Registration in the international pro-
spective register of systematic reviews (PROSPERO) of systematic review 
protocols was associated with increased review quality. J Clin Epidemiol. 
2018;100:103–10. https://​doi.​org/​10.​1016/j.​jclin​epi.​2018.​01.​003.

	41.	 Schardt C, Adams MB, Owens T, Keitz S, Fontelo P. Utilization of the PICO 
framework to improve searching PubMed for clinical questions. BMC Med 
Inform Decis Mak. 2007;15(7):16. https://​doi.​org/​10.​1186/​1472-​6947-7-​16.

	42.	 Kilkenny C, Browne W, Cuthill IC, Emerson M, Altman DG, NC3Rs Report-
ing Guidelines Working Group. Animal research: reporting in vivo 
experiments: the ARRIVE guidelines. Br J Pharmacol. 2010;160(7):1577–9. 
https://​doi.​org/​10.​1111/j.​1476-​5381.​2010.​00872.x.

	43.	 Wells G, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale (NOS) for 
assessing the quality of nonrandomized studies in meta-analyses. Avail-
able at http://​www.​ohri.​ca/​progr​ams/​clini​cal_​epide​miolo​gy/​oxford.​asp. 
Accessed 15 June 2020.

	44.	 Hooijmans CR, Rovers MM, de Vries RB, Leenaars M, Ritskes-Hoitinga M, 
Langendam MW. SYRCLE’s risk of bias tool for animal studies. BMC Med 
Res Methodol. 2014;26(14):43. https://​doi.​org/​10.​1186/​1471-​2288-​14-​43.

	45.	 Pettiette MT, Zhong S, Moretti AJ, Khan AA. Potential correlation between 
statins and pulp chamber calcification. J Endod. 2013;39(9):1119–23. 
https://​doi.​org/​10.​1016/j.​joen.​2013.​06.​005.

	46.	 Orstavik D, Kerekes K, Eriksen HM. The periapical index: a scoring system 
for radiographic assessment of apical periodontitis. Endod Dent Trauma-
tol. 1986;2(1):20–34. https://​doi.​org/​10.​1111/j.​1600-​9657.​1986.​tb001​19.x.

	47.	 Piras V, Usai P, Mezzena S, Susnik M, Ideo F, Schirru E, Cotti E. Prevalence 
of apical periodontitis in patients with inflammatory bowel diseases: a 
retrospective clinical study. J Endod. 2017;43(3):389–94. https://​doi.​org/​
10.​1016/j.​joen.​2016.​11.​004.

	48.	 Jakovljevic A, Nikolic N, Jacimovic J, Pavlovic O, Milicic B, Beljic-Ivanovic K, 
Miletic M, Andric M, Milasin J. Prevalence of apical periodontitis and con-
ventional nonsurgical root canal treatment in general adult population: 
an updated systematic review and meta-analysis of cross-sectional stud-
ies published between 2012 and 2020. J Endod. 2020;46(10):1371–1386.
e8. https://​doi.​org/​10.​1016/j.​joen.​2020.​07.​007. Epub 2020 Jul 14. Erratum 
in: J Endod. 2021 Feb;47(2):336.

	49.	 Sebring D, Buhlin K, Norhammar A, Rydén L, Jonasson P, EndoReCo, Lund 
H, Kvist T. Endodontic inflammatory disease: A risk indicator for a first 
myocardial infarction. Int Endod J. 2022;55(1):6–17. https://​doi.​org/​10.​
1111/​iej.​13634.

	50.	 Karamifar K, Tondari A, Saghiri MA. Endodontic periapical lesion: an 
overview on the etiology, diagnosis and current treatment modalities. 
Eur Endod J. 2020;5(2):54–67. https://​doi.​org/​10.​14744/​eej.​2020.​42714.

	51.	 Siqueira JF Jr, Antunes HS, Pérez AR, Alves FRF, Mdala I, Silva EJNL, 
Belladonna FG, Rôças IN. The apical root canal system of teeth with post-
treatment apical periodontitis: correlating microbiologic, tomographic, 
and histopathologic findings. J Endod. 2020;46(9):1195–203. https://​doi.​
org/​10.​1016/j.​joen.​2020.​05.​020.

	52.	 Cadoni E, Ideo F, Marongiu G, Mezzena S, Frigau L, Mela Q, Capone A, 
Duncan HF, Cotti E. Periapical status in patients affected by osteoporo-
sis: a retrospective clinical study. Clin Exp Dent Res. 2022;8(5):1068–75. 
https://​doi.​org/​10.​1002/​cre2.​604.

	53.	 Allihaibi M, Niazi SA, Farzadi S, Austin R, Ideo F, Cotti E, Mannocci F. 
Prevalence of apical periodontitis in patients with autoimmune diseases: 
a case-control study. Int Endod J. 2023. https://​doi.​org/​10.​1111/​iej.​13902.

	54.	 Ting M, Whitaker EJ, Albandar JM. Systematic review of the in vitro 
effects of statins on oral and perioral microorganisms. Eur J Oral Sci. 
2016;124(1):4–10. https://​doi.​org/​10.​1111/​eos.​12239.

	55.	 Muniz FWMG, Taminski K, Cavagni J, Celeste RK, Weidlich P, Rösing CK. 
The effect of statins on periodontal treatment-a systematic review with 
meta-analyses and meta-regression. Clin Oral Investig. 2018;22(2):671–87. 
https://​doi.​org/​10.​1007/​s00784-​018-​2354-9.

	56.	 Joy TR, Hegele RA. Narrative review: statin-related myopathy. Ann Intern 
Med. 2009;150(12):858–68. https://​doi.​org/​10.​7326/​0003-​4819-​150-​12-​
20090​6160-​00009.

	57.	 Tomaszewski M, Stępień KM, Tomaszewska J, Czuczwar SJ. Statin-induced 
myopathies. Pharmacol Rep. 2011;63(4):859–66. https://​doi.​org/​10.​1016/​
s1734-​1140(11)​70601-6.

	58.	 Kashani A, Phillips CO, Foody JM, Wang Y, Mangalmurti S, Ko DT, Krumholz 
HM. Risks associated with statin therapy: a systematic overview of rand-
omized clinical trials. Circulation. 2006;114(25):2788–97. https://​doi.​org/​
10.​1161/​CIRCU​LATIO​NAHA.​106.​624890.

	59.	 Sirvent P, Mercier J, Lacampagne A. New insights into mechanisms of 
statin-associated myotoxicity. Curr Opin Pharmacol. 2008;8(3):333–8. 
https://​doi.​org/​10.​1016/j.​coph.​2007.​12.​010.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1161/CIRCRESAHA.116.308537
https://doi.org/10.1161/CIRCRESAHA.116.308537
https://doi.org/10.1111/jre.12514
https://doi.org/10.1902/jop.2013.130456
https://doi.org/10.1186/1472-6831-8-16
https://doi.org/10.1902/jop.2012.110756
https://doi.org/10.1016/j.jdent.2017.08.011
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1186/s13643-022-02053-9
https://doi.org/10.1186/s13643-022-02053-9
https://doi.org/10.1016/j.jclinepi.2018.01.003
https://doi.org/10.1186/1472-6947-7-16
https://doi.org/10.1111/j.1476-5381.2010.00872.x
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1186/1471-2288-14-43
https://doi.org/10.1016/j.joen.2013.06.005
https://doi.org/10.1111/j.1600-9657.1986.tb00119.x
https://doi.org/10.1016/j.joen.2016.11.004
https://doi.org/10.1016/j.joen.2016.11.004
https://doi.org/10.1016/j.joen.2020.07.007
https://doi.org/10.1111/iej.13634
https://doi.org/10.1111/iej.13634
https://doi.org/10.14744/eej.2020.42714
https://doi.org/10.1016/j.joen.2020.05.020
https://doi.org/10.1016/j.joen.2020.05.020
https://doi.org/10.1002/cre2.604
https://doi.org/10.1111/iej.13902
https://doi.org/10.1111/eos.12239
https://doi.org/10.1007/s00784-018-2354-9
https://doi.org/10.7326/0003-4819-150-12-200906160-00009
https://doi.org/10.7326/0003-4819-150-12-200906160-00009
https://doi.org/10.1016/s1734-1140(11)70601-6
https://doi.org/10.1016/s1734-1140(11)70601-6
https://doi.org/10.1161/CIRCULATIONAHA.106.624890
https://doi.org/10.1161/CIRCULATIONAHA.106.624890
https://doi.org/10.1016/j.coph.2007.12.010

	The role of systemic statins in the inception and healing of apical periodontitis: a systematic review
	Abstract 
	Objectives 
	Material and methods 
	Results 
	Conclusions 
	Clinical relevance 

	Introduction
	Materials and methods
	Focused question
	Inclusion criteria

	Literature search strategies
	Study selection
	Quality assessment
	Risk of bias
	Data extraction and synthesis

	Results
	Studies selection
	Characteristics of the studies
	Quality assessment
	Risk of bias
	Answer to the focused question

	Discussion
	Conclusions
	Anchor 25
	Acknowledgements
	References


