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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.
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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].
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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.webofscience.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.
opengrey.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 O if the item was not fulfilled, 0.5 if partially
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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
ncepartners.com/wp-content/uploads/2017/09/Tool-to-
Assess-Risk-of-Bias-in-Cohort-Studies.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.
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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,
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[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,

Identification of studies via databases and registers

Records removed before
s Records identified from: screening:
= Duplicate records removed
8 Databases (n 711) (n = 628)
= Pubmed (n 429) —> T
= Records marked as ineligible
c Scopus (n 126) . _
) Web Of Science (n 156) by automation tools (n=0)
= Records removed for other
reasons (n = 0)
A4
Records screened Records excluded**
—>
(n=83) (n=76)
A4
Reports sought for retrieval Reports not retrieved
2 | (=7 | (=0
‘T
[
5
a \4
Reports assessed for eligibility
(n=7) '
Reports excluded:1
Reason1(n=1)
— A4
S Studies included in review
2| | 0=6)
5 Reports of included studies
£ (n=86)

Fig. 1 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 flowchart used for the study selection



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

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.
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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 TNFa-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 wusing 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



Page 6 of 13

(2023) 23:730

Ideo et al. BMC Oral Health

ApN1s ay3 Ul paledap uaaq sey
Buipuny Jo 921n0s ON
(£17'68€) 592U [JIP3 JO
AMSIDAIUN UBYEJS| 'UYDIB3SDY 104
AJ3||92UBYD IDIA JO Bulpuny

Apnis ayi U| paiepsp usq sey
Buipuny Jo 321N0S ON|

[eUdSOH AMUSIDAIUN UeMIE]

[BUOIIBN PUB UBMIE] ‘|IDUNOD) 9DUSIDS
[BUOREN 3y} WOy 611 1-S-86HNLN pPue
EAW-081-C009-¥1 €C-96DSN SIueID
Buipuny Jo 921N0S

Sjeuljue payeal}
UI1RISBAWIS Ul I2MO| Ajpuedyiubis
2lam sabeydoloew +89d) pue
1580150+ 7DD '+ eexo4-d

'+ 1 94AD0 "uondNIISIP duoq [edide
-11ad paysiuiwIp UeISeAWIS
Jauuew uspuadap

QWi e Ul sausb THNVY pue Ddo Jo
U0ISSaIdXa 943 9DUINUI UIIRISBAWIS
1uaWiean

UI1PISBAWIS 191J8 PISEIDUl OS|e
$15e|q023150 BulzZISaYuAs-|-uljdag Jo
Jaquinu 3y ‘siel Ul suoisa) [edide
-113d JO UOISUSIXa Y3 pue sise|q
-09350 dnnoydode Jo Jaguinu 3y}
PaoNPaJ PUB UOIIDNIISIP U0 [
-idenad paysiuiwiIp UeISeAWIS
sjewliue

P1e311 UIRISPAULIS Ul PR1D319P dIam
S1SB|JO1SO +89(D puUR+ [9IAD)

M3} B AUQ "UOIIDNIISIP U0 [BD
-idepad paysiuiwip ujeiseAul|s
S)Nsay

UIIDISDAO] "UIDISDANSOU
‘UNDISDADIA ‘UIDISPAIOID “UIDISDALIS

UNDISOAWIS

unpisbAwlIsS

unpisbAwlIs

UNDISDAWIS

UnNDISOAWIS
suneis

siskjeue [edl
-wayDo3sIyounwiw| pue [edibojoipey

YDd Wi [edy AnEIIUEND
UOIDRIXS YNY

sisAjeue [edl
-Waydolsiyounwu| pue [esibojoipey

(F9H) sisAjeue |ed1b0j0ISIH pue
[eDIWIBYDOISIYouNww| ‘[ed1bojolpey

SlusWealnses|A aWO21NO

(Ww € 15e3| 1e) Juasald Apeaije 4y

webjewe yim pajess

SONIARD 59228 DY) pUe Pasues|d
a4om sisquieyd dind [euood syl ‘0z
Kep uQ "uado Y| pue Siejow 1siy
Jejngipuew 1ybu JO esSoj [eISIP 9y 18
pawlopad ainsodxa |eding

usdo 13| Sem ALIABD pue siejow 151y
Jle|ngipuew 1ybu Jo essoy [elsip ayi 1e
pauioylad ainsodxs |ed|nd

1ARD UM P3||Y SI9M S31IARD

9y "BAI[ES Y1IM P31BUIWRIUOD SEM
[eued ay3 pue paiedixa sem

Jejow 151y Jejngipuew jo ding

slejou 11y

Je|nNgIpueW 1ybu JO BSSOJ [BISIP Y1 1P
paw.opad ainsodxa |edingd

siejoul 11y

Je|ngIpuew 1ybu Jo essoy [elsIp ayi 1e
pawlopad ainsodxa jeding

uonsnpul osessi

skep 1z

SHIM 10 7’|

skep 07

skep 0z
dn mojjo4

(0€-0¢€) 09

(01-01) 0z

(o1-o01) 0z

(l-c1-z1) S¢

(0L-01) 0C

(01-o1) 0z
d|dwes

Kep
1512 9Y3 ||13 SAep G AI9AS UaY) pue
0 Aep 1e uond3(ul SnosuUrINOGNS

sAep (| 104 ainsodxa dind ay3 210499
sAep € woly buipasy abenen

/ Kep 1e pue
|- Kep 1e uod3(ul SNoaURINOgNS

/ Kep 1e pue
|- ep 1e uopd3(ul SnosueINdgNS

UOI1BIISIUIWIPE SUIIRIS

suewny

sies Ao|me-anbeids

siel Aojmeg-anbeids

(snuigyo sna1banIou SN11RY) S1el JRISIA

siel Aojmeg-anbeids

siel A3|meq anbeids
(saads) utens

[Pl €10C e Un

[97] £10C |8 19 Jyswipeys

[€cl[cloTl Z10T R 1= B

[ccl 600C ‘18312 un
134 pue Joyiny

[811810¢ [e 12 Ajiejoybry

[S1 610 |e 1 Buex

[vel €10z 810 un

[97] £10C '8 19 Jyswipeys

[€clzioz s e

[cZ] 600C e 12 Ul
1eak pue Joyiny

(12plo [e2160]0UOIYD Ul) PaPN|DUL S3IPNIS 343 JO Solsla1deIey | djqeL



Page 7 of 13

(2023) 23:730

Ideo et al. BMC Oral Health

UISO3 pue uljAxojewaey F9H ‘SIIIIUOPOLId [ed1dy Ji

Apn1s ayi Ul paiedap Uaq sey
Buipuny Jo 921n0S ON

(9£0€S-SOL HNLN ‘687€S

-90LHNLN) [eudSOH AusIaAlun uemie|
[eUOneN pue (EAN-¥51-200-9-¥ L EC
701 1SOW) Uemie jo Abojouyda pue
92U3DDS JO ANSIUIA WO IS ‘(CTheS
-90LHNLN ‘9L0€S-SOLHNLN) [exdsoH
AYSI9AIUN UBMIB] [PUOIIEN PUB
(EAW-970-200-9-71€2-901 LSOW
‘9/0-200-9-¥ L €C=S0L LSOW
‘CAW-¥60-200-8-77L €2-E0L LSOW)
ueme] Jo ABojouyds] pue 9duUS

-12S JO ANSIUIA WOJJ YHS 01 SIURID

dnoub [013u0d Byl Yyum
paledwod dnoib uirels ayy Joj UOIBUIWEXD |
J19ybiy sem awoo1no Bullesay 3y -IUld PUE (Jyd) 9103 xapul [edidelad

Sjewue Pa1eail UeISeAw]s Ul
P212319P 249M 158|qO1S0 + TINNL
pue+ | YNId M3}V "9WN[OA pue
3z1s Bullapisuod ‘uondiosas auoq siskjeue |ed)
|edideriad sadnpal URLISBAWIS  -WISYD0ISsIyounwiw| pue [edibojolpey

sk 6T s0 Jad Ajlep bw 08'0%'0Z'0L  [81] 810T '8 32 Aj1ejoybly
Kep
15G€ 9Y1 |11 SAep S AIaAs usyl pue

skep ¢ Oz Aep wouj uondaful snoaueINdgNS [SZ16107 "2 32 Buep

(Panunuod) | 3|qel



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

135

13

12

11

10.5

Lin et al. 2009 Lai et al. 2012

@ Quality Assesment "ARRIVE GUIDELINES"

Shadmehr et al. 2013

Page 8 of 13

Animal Studies

[ High
Moderate
125 (] Low

11.5

Lin et al. 2013 Yang et al. 2019

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

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].
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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
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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].
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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.
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