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The pleiotropic effects of statins have been evaluated to assess their potential benefit in the treatment of various inflammatory and
immune-mediated diseases including periodontitis. Herein, the adjunctive use of statins in periodontal therapy in vitro, in vivo, and
in clinical trials was reviewed. Statins act through several pathways to modulate inflammation, immune response, bone metabolism,
and bacterial clearance. They control periodontal inflammation through inhibition of proinflammatory cytokines and promotion of
anti-inflammatory and/or proresolution molecule release, mainly, through the ERK, MAPK, PI3-Akt, and NF-«B pathways.
Moreover, they are able to modulate the host response activated by bacterial challenge, to prevent inflammation-mediated bone
resorption and to promote bone formation. Furthermore, they reduce bacterial growth, disrupt bacterial membrane stability,
and increase bacterial clearance, thus averting the exacerbation of infection. Local statin delivery as adjunct to both nonsurgical
and surgical periodontal therapies results in better periodontal treatment outcomes compared to systemic delivery. Moreover,
combination of statin therapy with other regenerative agents improves periodontal healing response. Therefore, statins could be
proposed as a potential adjuvant to periodontal therapy. However, optimization of the combination of their dose, type, and

carrier could be instrumental in achieving the best treatment response.

1. Introduction

Periodontitis is an inflammatory disease of infectious origin
characterized by progressive destruction of periodontal soft
and hard tissues leading to tooth loss. The main symptoms
comprise gingival inflammation, formation of periodontal
pocket, alveolar bone loss, abscess, or tooth mobility [1].
The pathogenesis of periodontitis involves a complex inter-
action of immune and inflammatory cascades initiated by
bacteria of the oral biofilm [2]. Persistent inflammation and
dysbiosis worsen periodontal tissue damage, and the host
response plays a vital role in this phenomenon contributing
to tissue destruction [3].

The conventional treatment comprising scaling and root
planing (SRP) presents limitations in certain cases involving
deep periodontal pockets, inaccessible areas, or severe

periodontitis [4]. Therefore, several adjunctive pharmacolog-
ical therapeutics have been tested to improve its outcomes. In
this context, systemic and local deliveries of drugs such as
antibiotics, bisphosphonates, anti-inflammatory drugs, antic-
ytokines, probiotics, and prebiotics have been tested so far to
reduce bacterial load and to control inflammation [5-9].
Likewise, the use of statins in periodontal treatment has been
explored recently [10]. Statins, or inhibitors of 3-hydroxy-
3-methylglutaryl coenzyme A reductase (HMG-CoA reduc-
tase), are a group of drugs, used primarily to treat hyperlipid-
emia and to prevent cardiovascular diseases [11]. After their
discovery in the 70s, they have been widely prescribed world-
wide [12]. They differ mainly in their ring structure, and
these structural differences modify their pharmacological
properties including hydrophilicity and lipophilicity. The
lactone ring is present in an active form (already hydrolyzed)
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TaBLE 1: Physical properties of different types of statins.
Drug Source Solubility Molecular mass (Da)
Atorvastatin ~ Synthetic ~ Lipophilic 1209.42
Simvastatin Natural Lipophilic 418.6
Lovastatin Natural Lipophilic 404.5
Mevastatin Natural Lipophilic 390.52
Pravastatin Natural ~ Hydrophilic 446.52
Fluvastatin Synthetic  Lipophilic 411.47
Cerivastatin ~ Synthetic ~ Lipophilic 459.56
Pitavastatin ~ Synthetic ~ Lipophilic 421.46
Rosuvastatin ~ Synthetic ~ Hydrophilic 481.54

in all statins except for simvastatin, lovastatin, and mevasta-
tin, in which the lactone ring is activated (hydrolyzed) in the
liver. The lactone form of the statins enables their transport,
metabolism, and clearance [13] (Table 1).

Apart from their lipid-lowering properties, statins
possess pleiotropic effects due to their anti-inflammatory,
antioxidative, antibacterial, and immunomodulatory proper-
ties [14-17]. Statins have also been reported to have anabolic
effects on the bone by augmenting bone morphogenetic
protein-2 (BMP-2) expression, thus contributing towards
the differentiation and activity of osteoblasts (OBs) [18]. In
view of their beneficial properties, statins have been pre-
sented as new potential candidates for improving periodontal
therapy outcomes [19, 20].

In several preclinical and clinical studies, statins have
exhibited contradictory results [21-23] depending on the
mode of delivery (local vs systemic), anatomy and severity
of the lesions, type of disease, and treatment approach
(nonsurgical vs surgical). Therefore, the aim of this literature
review was to establish a better understanding of the prophy-
lactic and therapeutic effects of all statin types administered
locally or systemically as adjuvant to nonsurgical/surgical
periodontal treatment in existing preclinical models and
clinical settings and to explore the biological mechanisms
underlying these healing and proregenerative effects in the
management of periodontitis.

2. Methods

2.1. Literature Search. Studies published in English language
only were included, and the last search was carried out in
September 2018. Regarding studies performed on animal
models and clinical trials, a systematic literature search was
performed in the PubMed/MEDLINE and ScienceDirect
databases. A hand search has also been performed after
checking references of the identified articles. Concerning
in vivo studies, the following keywords were used for the
search: periodontitis OR periodontal disease OR alveolar
bone loss OR periodontal attachment loss OR periodontal
pocket AND simvastatin OR statin OR rosuvastatin OR
atorvastatin OR cerivastatin OR mevastatin OR lovastatin
OR pravastatin  OR Fluvastatin OR pitavastatin  OR
Hydroxymethylglutaryl-CoA Reductase Inhibitors AND
mouse OR dog OR pig OR rat OR rodent OR rabbit OR

Mediators of Inflammation

monkey OR in vivo. A study was considered eligible if it
met the following criteria: (1) experimentally induced peri-
odontitis (EIP) and/or acute/chronic periodontal defects
(ACP), (2) treatment of EIP and/or ACP with statins (local
or systemic or combination) with or without SRP or other
periodontal treatment modalities, and (3) at least one peri-
odontal parameter assessed as outcome. Exclusion criteria
for in vivo studies were the following: (1) periapical lesions,
(2) tooth extraction models, (3) orthodontic movements,
(4) calvarial models, (5) long bone defects, and (6)
drug-induced gingival enlargement.

Concerning clinical studies, the following keywords were
used for the search: periodontitis OR periodontal disease OR
alveolar bone loss OR periodontal attachment loss OR peri-
odontal pocket AND simvastatin OR statin OR rosuvastatin
OR atorvastatin OR cerivastatin OR mevastatin OR lova-
statin OR pravastatin OR Fluvastatin OR pitavastatin OR
Hydroxymethylglutaryl-CoA Reductase Inhibitors. A study
was considered eligible if it met the following criteria: (1) ran-
domized and controlled clinical trials, (2) cohort clinical
studies, (3) longitudinal studies, (4) patients with diagnosis
of chronic or aggressive periodontitis, (5) systemic or local
administration of statins with nonsurgical or surgical peri-
odontal treatment, and (6) at least one periodontal parame-
ter: pocket depth (PD), clinical attachment level (CAL),
bone loss (BL), or tooth loss (TL) assessed as outcome. Exclu-
sion criteria for clinical studies were the following: (1) no
follow-up, (2) no periodontal treatment, and (3) reviews,
letters, and case reports.

2.2. Study Selection. Titles and abstracts of the studies were
screened independently by two reviewers (CP and FB) and
categorized as suitable or not for inclusion. Full reports were
reviewed independently for studies appearing to meet the
inclusion criteria or for which there was insufficient infor-
mation in the title and abstract to allow a clear decision.
Disagreements between the authors were resolved after
discussion with a third reviewer (OH).

2.3. Risk of Bias Assessment. Risk of bias was assessed using
the Cochrane Collaboration’s tool for assessing risk of bias
which provided guidelines for the following parameters:
sequence generation, allocation concealment method, blind-
ing of the examiner, address of incomplete outcome data, and
free of selective outcome reporting. The degree of bias was
categorized as follows: low risk if all the criteria were met,
moderate risk when only one criterion was missing, and high
risk if two or more criteria were missing. Two reviewers
(FB and CP) independently performed the quality assess-
ment, and any disagreement was resolved by a third investi-
gator (OH) (Supplemental Table 1).

3. Results

3.1. Effect of Statins on the Inflammatory-Immune
Crosstalk. Localization of periodontium at the interface
between the teeth and jaws exposes periodontal tissues to
continuous bacterial challenge which could contribute to
exacerbation of the immune response during periodontal
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FiGurg 1: Effect of statins on the inflammatory-immune crosstalk. Direct LFA1 site binding by lipophilic statins decreases ICAM-1
presentation leading to reduced leukocyte chemotaxis and antigen presentation. Statins inhibit MHC-II induction by IFN-y leading
to decreased T-cell activation. Statins lower mevalonate release, leading to resolution of inflammation via the ERK, MAPK, and

PI3K-Akt pathways.

wound healing. Recruitment of inflammatory cells at the
periodontal site, including polymorphonuclear (PMN) leu-
kocytes, macrophages, and lymphocytes, is associated to the
release of a complex nexus of cytokines. When the inflamma-
tory front migrates toward the alveolar bone, it stimulates
osteoclastogenesis and subsequent alveolar bone destruction
[24]. Therefore, the importance of inflammation control at
the soft tissue level cannot be undermined.

The effects of statins on the inflammatory-immune cross-
talk involved in the periodontal wound healing have been
evaluated. Statins decrease the levels of proinflammatory
cytokines (interleukin-1 beta (IL-1p), interleukin-8 (IL-8),
interleukin-6 (IL-6), and tumor necrosis factor-alpha
(TNF-«)) and increase the release of anti-inflammatory
mediators (IL-10) and chemokines [25, 26]. There are several
pathways implicated in the action of statins, notably suppres-
sion of HMG-CoA reductase, thereby inhibiting Rac and
p21Ras phosphorylation. As Rac and p21Ras are coupled to
the transcription of proinflammatory molecules via MAP
kinase (MAPK) pathways, therefore, statins also suppress
nuclear factor kappa B (NF-«B) activation, thus reducing
the expression of proinflammatory molecules [27] (Figure 1).

3.1.1. Effect of Statins on Inflammatory Molecules. In vitro, the
effect of statins on inflammatory mediators’ secretion was
demonstrated to be cell specific. For instance, in human oral
epithelial cells [15] and OBs [28], statins reduced IL-6, IL-8
release, whereas, in T-cells [29, 30], statins increased the
expression of IL-4, IL-5, IL-10 and IL-13. In vivo, statins
confirmed the reduction of cyclooxygenase-2 (COX-2),

prostaglandin E, (PGE,), IL-1f, IL-6, IL-8, TNF-q,
interferon-gamma (IFN-y), C-reactive protein (CRP),
colony-stimulating factors (CSF2, CSF3), recruitment of
mononuclear inflammatory cells, and several Toll-like recep-
tors (TLRs) in various EIP or ACP models [26,31-35]. Clinical
trials also corroborated the downregulation of inflammation
by the use of statins, as demonstrated by increased IL-10
level in gingival crevicular fluid (GCF) from hyperlipid-
emic patients treated with statins [19].

3.1.2. Effect of Statins on Proresolution Molecules. Periodontal
wound healing and regeneration involve a constant
“tug-of-war” between the proinflammatory and anti-inflam-
matory/proresolution mediators [36, 37]. Anti-inflammatory
effects of statins enhancing resolution of periodontal
inflammation, that is, initiated by several endogenous
chemical and lipid mediators, such as the lipoxins (LXs),
resolvins (RVs), protectins, and maresins, could possibly
explain the positive treatment outcomes [38, 39]. However,
further studies need to explore the exact effect of statins
on the proresolution mediators.

3.1.3. Effect of Statins on Host Modulation. Literature reports
contradictory results regarding the effect of statins on differ-
ent types of immune cells. For instance, in an ACP model,
simvastatin did not change circulating white blood cell
(WBC) counts in a study [33], whereas leukocyte infiltration
was decreased by atorvastatin gavage in an EIP model [40].
Similarly, regulatory T (Treg) cells that control adaptive
immunity against pathogens and activate other effector



immune cells were reported to be regulated by statins. In
this regard, atorvastatin and simvastatin demonstrated an
increase in the number of human Treg cells and differen-
tiation of CD4 into Treg in vitro [41, 42].

Furthermore, TLRs have an important role in the
immune-inflammatory crosstalk with a consequent impact
on periodontal wound healing response. In the context of
periodontal treatment, targeting TLRs has been proposed as
it could enhance antimicrobial properties, suppress adverse
inflammation, or activate tissue repair [43]. Interestingly,
simvastatin inhibited the stimulation of several TLRs
(1, 2, 3, 4, 6, 7, and 9) by Aggregatibacter actinomycetem-
comitans (A.a) LPS in wvivo, reducing its capability to
escape innate immune response [33]. Hence, statins play an
instrumental role in the modulation of inflammatory and
immune responses.

3.1.4. Inhibition of Major Histocompatibility Complex Class IT
(MHC-II) by Statins. In case of nonresolving periodontal
lesions, bacterial antigens are processed and presented by
antigen-presenting cells and macrophages. Such process is
associated to massive immune cell recruitment implicated
in tissular destruction [2]. In this regard, statins are able to
inhibit MHC-II expression due to inhibition of the inducible
promoter IV of the class II transactivator (CIITA) as
observed in several cell types, including monocytes and
macrophages [44]. This effect renders statins to have a poten-
tial host-modulating impact on periodontal treatment.

3.1.5. Lymphocyte Function-Associated Antigen-1 LFAI Site
Binding by Statins. Lymphocyte function-associated
antigen-1 (LFA-1), an integrin with its main ligand intercel-
lular adhesion molecule-1 (ICAM-1), is activated on the
surface of fibroblasts (FBs) by IFN-y and represents a critical
phase in the early stage of inflammation. ICAM-1 regulates
LFA-1-dependent neutrophil transmigration and recruit-
ment to the inflammation site [45]. Several studies have
demonstrated the inhibition of LFA-1 by statins in many
inflammatory and immune diseases other than periodontitis.
Statins inhibit ICAM-1 upregulation and chemotaxis of
monocytes [46]. Lovastatin, simvastatin, and mevastatin, but
not pravastatin, were able to inhibit the LFA-1/ICAM-1 inter-
action in vitro by binding to the L-site of LFA-1 [47]. In this
way, statins limit the exacerbation of immune-mediated
inflammatory response at the lesion site. However, the impact
of statins on LFA-1 binding in the context of periodontal
wound healing remains unexplored.

3.1.6. Effect of Statins on Nitric Oxide Synthase (NOS). NOS
plays an important role in host defence and homeostasis
and has been implicated in the pathogenesis of periodontitis,
where it is expressed in FBs, epithelial cells, rests of Malassez,
macrophages, osteoclasts (OC), and vascular endothelial cells
[48, 49]. In chronic periodontitis, bacterial challenge induces
proinflammatory cytokine release and a higher expression of
inducible NOS (iNOS) and NOS derived from FBs and
WBCs that migrate to the periodontal lesion [50-52] leading
to inflammation-mediated bone resorption [53]. Various
studies demonstrated a NOS-inhibiting effect by the use
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of statins. For instance, in vivo, rosuvastatin significantly
reduced inflammation-mediated tissue destruction and gin-
gival iINOS expression [54].

Concerning the underlying mechanism of action, statins
attenuate the production of reactive oxygen species (ROS)
induced by NADPH oxidase by suppressing Rac’s geranyla-
tion. Phosphatidylinositol-3 active kinase (PI3-Akt) is a
kinase that phosphorylates and stimulates eNOS. Mevalonate
is able to inhibit PI3-Akt; therefore, by reducing the concen-
tration of mevalonate, statins upregulate eNOS-derived NO
production resulting in vasorelaxation that leads to improved
angiogenesis and wound healing response [27].

3.1.7. Effect of Statins on Matrix Metalloproteinases (MMUPs).
MMPs degrade extracellular matrix proteins, especially colla-
gen, contributing to the degradation of periodontal tissue
including alveolar bone [55]. Most statins have been reported
to potently inhibit the expression of MMP-1, MMP-8, and
MMP-9 upregulated by LPS as demonstrated for simvastatin
in mononuclear cells in vitro [56]. Moreover, in vivo, a
decrease of MMP-1, MMP-2, MMP-8, and MMP-9 was
observed by the use of statins [31, 57-59]. Thus, statins
prevent periodontal tissue and alveolar bone destruction by
inhibiting the release of MMPs.

3.2. Effect of Statins on Bone Metabolism. Statins have an
impact on bone metabolism through increase of osteogene-
sis, decrease of OB apoptosis, and osteoclastogenesis [60].
Statins allow periodontal regeneration via the Ras/Smad/ex-
tracellular signal-regulated kinase (Erk)/BMP-2 pathway that
enhances bone formation [61] and by antagonizing TNF-«
through Ras/Rho/mitogen-activated protein kinase (MAPK)
that causes osteoclastic differentiation [62]. Moreover, they
significantly increase OB differentiation factors such as alka-
line phosphatase (ALP), osteocalcin (OCN), bone sialopro-
tein (BSP), BMP-2 [63], osteopontin (OPN), and vascular
endothelial growth factor (VEGF) [64] (Figure 2).

3.2.1. Role of Statins in the Promotion of Osteogenesis. Inhibi-
tion of HMG-CoA by statins decreases prenylation of farne-
syl pyrophosphate (FPP) and geranylgeranyl pyrophosphate
(GPP) leading to increased levels of BMP-2 and VEGF
through the PI3-Akt pathway. Interestingly, both VEGF
and BMP-2 regulate OB differentiation and bone formation
during bone repair and regeneration [65, 66]. Concerning
BMP, simvastatin and lovastatin increased the levels of
BMP-2, consequently, increasing OB activity in vitro
[58, 63]. Statins present a cost-effective option when com-
pared with growth factors such as BMP-2 [67, 68].
Hydrophobic statins (simvastatin, atorvastatin, and ceri-
vastatin) also increased mRNA expression of VEGF in OBs
[69]. Likewise, simvastatin increased osteoprotegerin (OPG)
expression in periodontal tissue [58] and enhanced matrix
calcification in human bone marrow stem cells by diminish-
ing the mean size of the fibroblastic colony-forming units
(CFU-Fs) [70]. In vivo, statins stimulated bone growth and
repair by increasing angiogenesis [71]. In particular, the
lactone-form statins (lovastatin and simvastatin) stimulated
OB differentiation of mouse periodontal ligament cells
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FiGurg 2: Effects of statins on several pathways involved in bone
metabolism. Statins decrease osteoclastogenesis via RANK/RANKL
and NF-«B signaling. Statins promote osteogenesis by increasing
VEGF, BMP2, and TGF-f expression through the PI3-Akt
pathway. Statins prevent inflammation-mediated bone resorption
by decreasing TNF-q, via TNFR.

(PDLs) via the ERK1/2 pathway (phosphorylation) and
enhanced intercellular matrix mineralization [63].

3.2.2. Role of Statins in the Inhibition of Bone Destruction.
Statins act through certain pathways that avert bone degrada-
tion. Several clinical trials confirm the reduction of alveolar
bone loss by statins, as an adjunct to SRP [72]. Many studies
reported significantly decreased bone resorption by the use of
simvastatin, rosuvastatin, and atorvastatin [26, 28, 32, 73].
Interestingly, simvastatin reduced TNF-a-induced synthesis
of Cysteine-rich 61 (Cyr61) and chemokine ligand 2
(CCL2) [74] that are potential osteolytic mediators in inflam-
matory bone diseases, in human OB, thereby decreasing bone
loss. Besides, statins increase bone formation by inhibiting
OB apoptosis, augmenting TGF-f3 against the Smad3 sig-
naling pathway. As an evidence, pitavastatin, mevastatin,
and simvastatin induced the expression of Smad3 in non-
transformed OBs (MC3T3-El) [75]. Consequently, statins
prevent bone destruction and also promote bone healing
and regeneration.

3.2.3. Role of Statins in the Inhibition of Osteoclastogenesis.
Statins suppress osteoclastogenesis through the OPG/recep-
tor activator of the nuclear factor kappa-B ligand (RANKL)/-
RANK signaling pathway. Statins (simvastatin, atorvastatin,
and fluvastatin) inhibited, in vitro and in vivo, the expression
of the receptor activator of RANK which along with
RANKL is required for the differentiation of OC precursors
[26, 31, 33, 58, 76]. Nevertheless, IL-10 is also implicated in
inhibiting bone resorption by preventing the RANK/RANKL
pathway ([77]); hence, statins could potentially reduce
the inflammation-mediated bone resorption [25]. Another
mechanism for osteoclastogenesis involving unprenylated
Rap GTP-binding protein 1A (Rap-1A), a RAS super family

of small GTP-binding protein member, has been studied in
the context of statins. Rosuvastatin, pravastatin, cerivastatin,
and simvastatin caused accumulation of unprenylated
Rap-1A in rabbit osteoclast-like cells and macrophages,
inhibiting osteoclast-mediated resorption. Interestingly,
hydrophilic statin (cerivastatin) was more effective than
hydrophobic statin (rosuvastatin) to inhibit OC prenylation
[78]. Additionally, the mRNA expression of cathepsin K, a
key marker of OC differentiation, is reduced by simvastatin
through inhibition of Src signaling and modulation of MAPK
including ERK1/ERK2. Moreover, upregulation of AKT leads
to a decrease of OC activity via RANKL and BMP-2 [79].

3.3. Antibacterial Effect of Statins. Periodontitis is a polymi-
crobial disease involving keystone pathogen such as
Porphyromonas gingivalis (P.g) that is able to hijack the
adaptive immune response. Therefore, elimination of the
periodontal pathogens is the cornerstone of periodontal
treatment. Uncontrolled infection hinders periodontal
wound healing and may worsen the therapeutic outcome by
reducing the clinical attachment gain. Statins exhibit antimi-
crobial effects attributed to an increased bacterial clearance
from the infection site as demonstrated in a model of sepsis
(Figure 3) ([80]). Hence, statins could provide an additional
benefit during periodontal wound healing (Table 2).

Cholesterol is an integral component needed by bacteria
for maintaining their membrane integrity. Statins can coun-
ter bacteria by inhibiting the intermediate in the isoprenoid
biosynthesis pathway necessary for membrane stability,
which is substituted by cholesterol and protects bacteria from
the toxic effect of statins. Statins, therefore, kill bacteria
directly and by lowering accessible host cholesterol content
for bacterial growth and protection. Such effects may be
due to the disruption of teichoic acid structures reducing bio-
film formation ([81]). Statins display antibacterial activity
towards anaerobic bacteria, including periodontal pathogens
such as A.a and P.g. For instance, low concentration of sim-
vastatin was proven to be effective against A.a and P.g even
if A.a was more sensitive (MIC < 1 yg/mL) than P.g (MIC
until 2 ug/mL dilution) [82]. The hydrophobic nature of
simvastatin may explain its antibacterial activity against peri-
odontal pathogens where it disrupts the bacterial membrane
in a “soap-like” manner causing its death [83]. Nevertheless,
not all statins exhibit antibacterial activity. The degree of
HMG-CoA reductase inhibition corresponds directly to the
cholesterol-lowering capabilities of statins [84] but it does
not seem commensurate with their antibacterial potency [85].

Some other mechanisms are modulated by the action of
statins on lipoxin A4 (LXA4) production, a proresolving lipid
mediator that enhances bacterial clearance, consequently
reducing the severity of periodontal disease [86, 87]. Further-
more, the mechanistic target of rapamycin (mTOR) signal-
ing, regulated principally by TLRs via two major pathways
(NF-«B-dependent pathway and a PI3-Akt-dependent path-
way), is also involved in bacterial clearance [88]. It is known
that statins inhibit isoprenoid synthesis, impeding intracellu-
lar signaling molecules like Rho or Rac [89].

Therefore, it is plausible that statins possess certain
antibacterial properties that could facilitate periodontal
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FIGURE 3: Antibacterial effect of statins. Statins arrest bacterial growth and disrupt their membrane stability by decreasing cholesterol. Statins
increase bacterial clearance by decreasing NF-«xB and ROS signaling (via the PI3K-Akt and NADPH oxidase pathways, respectively) and by

enhancing proresolution molecule release.

TaBLE 2: Representative in vitro studies evaluating the impact of statins on periodontal pathogens.

Local drug delivery

Reference Experimental design Type of statin dose Results Periodontal consideration
MIC was determined against P.g Simvastatin had an antibacterial
(ATCC 33277) and A.a (ATCC . . N Pg effect against the keystone
[82] 25586) using serial dilution Simvastatin, 1 ug/mL to 500 pug/mL N Aa pathogens involved in periodontal
method disease
A.a (ATCC 43719), P. nigrescens
(ATCC 33563), or P.g (ATCC WP Lovastatin had an antibacterial effect
[138] 33277) were cultured on a trilayer Lovastatin 0.1, 0.5, 1, and 2mg N A"i against periodontopathogenic

functional CS membrane with
EGCG and lovastatin

bacteria

treatment. However, since periodontitis is a polymicrobial
disease, the susceptibility of various other periodontal patho-
gens to statins must also be evaluated.

3.4. Effects of Statins in Induced Periodontitis Models. Statins
have been tested in several induced periodontitis models to
evaluate improvement in periodontal parameters and their
underlying biological mechanisms. In vivo, 35 studies were
identified based on the inclusion criteria (Figure 4), out of
which 16 involved local statin delivery (Table 3), 17 used
systemic route (Table 4), and 2 employed a combination
of both modes (Table 5). In the studies evaluating local
statin application, 8 studies involved the treatment of EIPs
while the remaining 8 investigated the treatment of ACP
models, one of which was induced by LPS injection of
Escherichia coli (E. coli) [90]. Concerning the systemic
administration of statins (Table 4), 14 out of the total 17
studies treated EIPs, whereas the 3 remaining studies

involved ACP models by LPS injections of A.a [32, 33] and
P.g into the gingiva [76].

Regarding the mode of periodontitis induction, in total,
24 out of 35 studies had EIP with ligatures (cotton, nylon,
or silk), whereas 11 used ACP including the 4 studies where
periodontitis was induced by bacterial LPS. Studies were
mostly performed in rodents (Tables 3, 4, and 5). In ACP
models, the surgically created lesions were mainly intrabony
defects, fenestration defects, dehiscence defects, furcation
class II defects, and 3-walled intrabony defects.

In 6 studies, animals with systemic diseases (i.e, osteopo-
rosis [26, 91, 92], metabolic syndrome [32], cyclosporine
A-associated alveolar bone loss [35], hyperlipidemia [54],
or hypertension [93] were used to evaluate the effect of sta-
tins treatment. Overall, 22 studies involved treatment with
simvastatin, 7 with atorvastatin, 3 with rosuvastatin, 2 with
lovastatin, and only one with fluvastatin. Some studies inves-
tigated more than one type of statin. In vivo, the systemic
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n=32
/ \
Systemic statin administration | | Local statin application

n=7 n=25

F1GURE 4: Selection of the studies.

dosage used ranged from 0.3 to 30 mg/kg with 20 mg/kg as
the most commonly tested dose. The dose of locally delivered
statins varied with the type of carrier/scaffold used (Table 3).
Five studies demonstrated insignificant improvements [94-
98]. Interestingly, 3 of them involved surgical treatment of
ACP models by local statin application [94, 96, 98] and one
study employed nonsurgical local statin therapy [95],
whereas only one EIP was treated with systemic statin deliv-
ery [97]. One study even demonstrated a negative impact of
statin use [99].

3.5. Clinical Outcomes. The selected studies evaluating the
effect of statins in the context of periodontal treatment
included 23 controlled and randomized clinical trials, 8
cohort studies, and 1 longitudinal study (Figure 4). Primary
outcomes varied between improvement of clinical attach-
ment level (CAL), reduction of pocket depth (PD), tooth loss,
radiographic bone defect depth, periodontal inflamed surface
area (PISA), and serum and/or GCF proinflammatory cyto-
kines level. Most of the studies focused on the local adminis-
tration (n = 25) of statins (Table 6), while 7 investigated the
impact of systemic route (Table 7). Essentially, effects of sta-
tins have been evaluated as an adjunct to both nonsurgical
and surgical treatments, mainly in the context of chronic
periodontitis in healthy patients.

3.6. Statins as a Local Adjunct to Nonsurgical Periodontal
Treatment. The effect of local delivery of statins as an adjunct
to nonsurgical periodontal therapy (SRP) was studied in
20 clinical trials (Table 6). Atorvastatin and simvastatin
have been the most commonly studied statins. Amongst
the identified studies, 13 demonstrated a significant PD
reduction, CAL gain, and IBD fill in healthy patients, 2 in

well-controlled type II diabetes patients, and 3 in smokers.
At contrary, in 2 studies, the test groups using atorvastatin
or simvastatin did not show any significant differences when
compared with the control [21, 100]. For instance, with
simvastatin, the mean PD gain was 1.23 + 0.57 mm for the
control group versus 1.83+0.07mm for the test group
(p=0,112) and the mean CAL gain was 2.09 + 0.08 mm for
the control group versus 2.43 + 0.01 mm for the test group
(p=0.889) after 45 days. Nevertheless, authors found a
statistically significant reduction of PI, BOP, IL-6, and IL-8
levels [21].

Only 4 studies compared the outcomes obtained with
more than one statin; however, contradictory results were
observed. For instance, one study did not show any signifi-
cant difference between atorvastatin and simvastatin [100],
whereas better results were obtained with atorvastatin in
another study [101]. Nevertheless, two studies highlighted
greater efficacy with rosuvastatin in comparison with
atorvastatin [20, 102].

Interestingly, studies that have investigated the effects
of statin treatment on the biological markers from GCF
showed that simvastatin administration reduced signifi-
cantly IL-6, IL-8 and increased the anti-inflammatory
IL-10 [21, 100, 103].

3.7. Statins as a Local Adjunct to Surgical Periodontal
Treatment. Statins have also been inspected for their role in
the surgical treatment outcomes. In all identified studies
where statins (simvastatin, atorvastatin, and rosuvastatin)
were locally administered concomitant to surgical approach
(including the use of biomaterials or PRF), a significant
reduction of PD, improvement of CAL, and bone defect fill
was achieved in the test group in comparison to the control



Mediators of Inflammation

Surreay auoq 19139q Ing
NTV (quesyrugrs jou)

I sa[ndajowx O>U.®.~®Q®w®.~ JI9110 UTelIad UOTJeULIO)] WINJUIW) MIN

suonoafur Apfoam a1y,
AD-NTV-INIS se 10 [oueyIa 9%(L Ut

$)001 Ie[ow Jenqrpuewt 1940 doap
WW G'T PUe OpIM WW § YSIY WU 7 $399Jo(]

d Sw g (
Jo uonIppe Aq pajuswrSne aq Ued YOIYM sdnosg POAIOSSIPOUS DAINIS ot S Mw O HONOHI [e20T (5309J0p uONEISIUJ) DV [s6]
W G'() UNJBISLAWT
1092 Surfeay auoq [eJ0] & pey UNJBISEAWIS 19130 03 paredwod [[j auoq (ormadeay) EoEEum%Rhmwsmcom (oreway) syey
Jo JuouraAoxduw JuedyruSisur
(TN 30 10adse Tersawr oy 9sodxa 03)
[AOWIAI WNJUDWAD pue (AU0J02)SO
R—— 3y} Jo [rem Tersawr 9y} Juraowar A[p3opdwiod)
$109Jp 2y} Awr01023s0 doop wiuu (1 pue 193oUIeIp
JOU) 94 UOIOBIJ SWN[OA dUO] /
I9Ad Surareoax dnoi o) ur paarssqo Srrered ATUTEU) 9581 100 Y 03 VSd/IDad/uneiseauns unemsdeous ww 97 & £q paysIuy A 2y Jo joadse
I urewx T I
sem asuodsar Sureay 19132q Jnq Surfedy 5 @ :o 5 Mm. ﬁw s 3 sazoydsomru puqhy vo14-v1Iad [e1sawu a3 03 Jxou 2FPLI SNOMIUIPS TN Y} [¥6]
u I9SUT JOU SI
suoq pasoxdwr A][esr30[03sIy uTye)SEAWIS ' U0 paIosl Y ‘ wﬁE 1ad Swr 1 unejseawnrs  ur 309§9p [ejuoporiad Auoqenur pazis-[edriLo
©o130[03sT
(Alreataofossty) (onnaderayy) Juatuiear) [esrSing e jo uonjeredaxd Surreay 30300s Jo
s1s9u2509)50-09U
’ oM F £q PaMO[[0J TN JO UOTIORIIX ([opow
109J9p 2U0Q JB[O2AJE PAJRIDOSSE-[}00}) DV
(Srewr) syey
UOTJBI}[JUI [0 AIOJeUWIWIB[UT N
uonjerouddar [eyuoporrod soyeredde reropotad TIAL JO 30adse [eIsatu uo WNJUIUD
Sunersfoooe snyy ‘snyeredde eyuoporrad ! mw Jopo! UIJR)SBAWITS ‘JO)(JJ-UNBISEAWIS PUE dUOQ [eNPISAI Y} JO [EAOWI [enUew pue
3y} jo sisauadojuswrad
a3 jo stsauaSojuswrad pue JuawudIfear 1oqy QMM . m dos 10 Muu . M ‘YSg-UNRISBAWIS [SUONIRUIqUIO)) “ZIAl oY) Jo J0adse [ersowr oty uo (yadop wu ('
uortjer I I
‘UOTJBINJBW JUOQ ‘SISOUIF09)S0 dJeId[e00k & _om SMo uﬁ saxaydsoxorur pue I9joWeIp W ()'7) 399§9p [eyuoporiad
0} 9[qe sem AIDAT[Pp une)seAwIs-1HJd [Moo9E VOTd-VT1Ad poiem-a[qnop ur pajemsdesuy pazis-[eonto e jo uoneredard Surpeay [e2]
0 SSAWYDIY) pue Jaquinu
[erzuanbag ‘sisouaSoa)so pajelnoey 3 PI P q < Sw T unejseawnzs  3a0s £q paMO[[0F UOTORIXD TN ATB[[IXeIA
UOTJORIJ SWIN[OA SUO
pUE ‘UOIJRWWE[UI PIONPIIT ‘UOLRIIUIIIPIP P M:o s SMEME o:oﬁ_ < (onnaderayy) Juatuyear; [eording (30939p auoq Arefixewr) OV
512809350 pajoword uryeISLAWIS HSUSP [e190 a7 (orew) syey
s159u2809)50-09U
BISRUBIND [UN SUONI(UT AP[2oM 29I,
syrgdoxinau jo afejuasiad N TN pue TIA ATe[xewr
- Sw¢ Jurd d )
vonewwegu eaduid DIJW-INIS/INIS 8w 6'T u2am13q eAISIS [ejered ayy ojur 11 01 S S—
QM Areradss ‘ssof auoq N JIOLLIED
JO JUL)Xd 1) pue ssof auoq Suonpar £q sornyedi| 4q 419 [6€1]
eore [ewnrxordioyur  HFJW-NIS/INIS/InIp 9y) Jo suonoa(ur [ed0]
umopyea1q [ejuoporIad paIWI] UNe)SeAuIg (19pa01q d[eWId) PaINAI) S}y
TIN-TIA 9} UI 9NSST) 2AT)OIUUOD Sw g pue
pawrejjuUIUN JO JUNOWe Sur 1 Swr ¢ Snuapoad unyeiseawrg
(onnaderayy) jusuuyear) [ed13INSUON
A12A1[9p upE)s Jo dwm pue IpoIN (1) ans (1)
uness jo asop pue 2d4T, (1) POy (1)
SUOTJLIIPISUOD [BIUOPOLIdJ SIMSNY yuowmean jo odAL (1 [ewy (1 ERlIENEIEN

JUSUIEAT) STJUOPOLId]
A1aA19p Snup [e007]

[epowr uonponpur spruopordd [eyuswLddxy

“3ureay] punom [ejuoporrad Uo uoreI)STUIUIPE Une)s [e20] Jo Joedwr o) Sunenyead saIpnis 0Atd uf :¢ 414V],



Mediators of Inflammation

UOTJRISUZAT 2UOq JR[OATE /

XLIJeW du0q Ul
uondI0sa1 2U0q PISBIIIIP PUL SUOQ MU ’ 99 NdO

uoneordde [eordoy afSurg
108 une)SeAUIIS 046" M P SEM 109

Ajerarenq
1IN Hﬂﬂﬂﬂuﬂma wﬂu .wO ]O0I ﬂmUUSﬁOGOE
3} J9AO JU0Q TB[OATE 9} YSNOIY} I9JoUIeIp

S 3
a3 Jo Arrenb oty pasorduur (o8 unjeiseaurg HORVZITESIO [HQY USLHI02 198 9%z unejseawg ur W §°() $309§9p [ed2131ms jo uoneredaid (961
$109JOP Pa)eaI)-UT)BISLATITS
o v:mv Moumwm \,.MOMSE _/ (onmaderay) Juauuyear) [esr3g (39959p suoq remqrpuewr) JOY
’ (srewr) syeyg
UOTJRWITUR[JUT JUIPIAD ON - QIS £4q WNJULUILD [BNPISAT JO [EAOWUNY
(%€ 1¥) uoneurio] saurued [e1a)e[iq ATR[[IXeW JO JPIS [RISIW
. Iy 03 (cww oo /8w 1) unepes yym Surxiu . . . .
suoq mau Jo aejuadrad € oy} uo (A[panoadsar ‘yidop pue Tejsiporsawr
UOTJRULIO] WNJUSWD £q 1o801pAy e se paredaid sapnredoueu
: 199Jop 9y} 0} Juade(pe : ‘[en3ur[odonq :WW G X ¥ X §) $199Jop
pue auoq maou pajoword Loy ], Tenuajod 9€'0 dUIPAdBI)9)-§D)-UNLISLAO[- VDT
2u0q 31} JO 20BJINS TRNIIGRI) Auoqenurt pajrem-221y) jo uoneredaid <1ore [o¥1]
5119309350 poo3 & pamoys sapnredoueu Jo suonoa(ur [ed0]
a1) Suoe urwuwLI J1)sL[qOISO ‘pue 3ur[eay] J9)J0s JO $Y2M § £q PIMO[[O]
aUT[24DB1)9)-UBSONYD-UTJRISBAO[- VDT uonn[os YOI % MM ¢ & Wiof
projdoewserd aanoe s10spUT | ¢ pue 7 AIR[[IXeW JO UOT)ORIXT
0 WIOJOIO[YD UT PIAOSSIP S  UTNRISRAOT P P
98JINS 1001 3Y) UO (10939p auoq Arefrxewr) JOV
(onnaderat)) Justyesa) [edISmsuoN
wnjuawad jo syisodop mau ’ ’ (orewr) s3oq
193J9p
[eo13ms a1y 03 pajewrxordde
9NSST) AT)IAUUOD SNOIqL] 4
n N Al
dnois | uneIserol-s-'H0DH Q4SS 4q WNJUaWad [eNPISaI JO [BAOWUNY
1) UI PaJOU sem e TAd
syengu [0 Aoyemeguy oN () vore [eI91e[1q ATR[[TXRW JO SIPIS [EISIP PUE [RISIW
9]l UOTJRULIOJ SUOQ PUE UOTJeIaUsSaI ¢ a1} uo (Ajpanoadsar qidap pue qeisIporsawr
JorJIMS SURIqUIOW DD oY) YIM §) [eUonOUNy
[eyuopotad padurRYUS UT)RISEAO] PUE D) ‘[en3urooonq WU § X G X F) $199J9p Auoqenur [8¢€T1]
1001 3} U0 par1asqo uonisodap 1fein) 1od wr g 10 T ‘G ‘1°0 UNLISLAOT
)M SUBIqUISW §)) [BUOTOUN] JoAR[LI} 9], parem-auo jo uoneredard pue Surpeay
WNJUIUID MU JO OUIPIAT (onmaderaty) Jusunyear) [esr3ing
(%26TH) £q pamo[[o] TN ATe[[IXew [[e JO UOTOeNXY
(]
A1
dnoi8 [oxyu0o < (%£0°9%) (109)9p 2u0q Are[[IXRW) IOV
(srewr) s3oq
dnois gpuayorg < (%€£0°29)
dnoid 1 uneyseao[-§O-F10DOT
1) UT UOTJRULIOJ JUOQ MU /
SUOTIOJ[UT UTJBJSBAWIIS
£q Pamo[[0] UOTEI)STUTIUPE uoneredaxd
NTV orur)ss 1a)ye asuodsar 109Jop 9} Jo)Je sAep GT PalIe)s JUSWILdI ],
A12A12p ULE)S JO L) pue SPOIA] (11T NS (1)
une)s jo asop pue adA[, (1) POuRIN (1)
SUOTRISPISUOD [BJUOPOLIDJ SISy yuswmean jo odAL (1 [ewy (1 CRLiEIEIEN |

JUDUI)EAT) SJUOPOLId]
A1aA19p Snup [ed07]

[epowr uonponpur spruopordd [eyuswLIddxy

‘ponunuo)) ¢ 414V ],



Mediators of Inflammation

10

papisqns ‘A[[enjuaas ety Suroms
ajeIopow 10§ 1dooxa $199]J IPIS 919AdS

Pa1Ba1] $109J9P OUIISIYDP UT

[eUOIO0D 210U SEM ]S39ID JeJO9ATR

une)seAuss w1 YIm pajeIpAy soueIquau
ua3e[[0d 194R[1q 3]qRGIOSAT (LM PIIIAOD

JO [BAOWIAI PUE $)0O0I [RISOW ZJAJ Te[nqIpueur
a1} Jo 10adse [e1aje] YY) UO A[[eIdle[iq

25NpUI 10U PIP pUE Pa1STXd wnaysoriad 1M Ay} pue (D) UaM]dq DUBISI(T Arerayeqiq syeid vH yim £1o8ms yeln (WU ¢ X G) $309Jop 20U20sIyap jo uoneredar [86]
a8pur snonjuapa UTJB)SBAWIIS (30939p 2u0q JeNqIpUEW) JOV
UOTJRULIOJ 9UOQ MU paAoIduur urjejseawurg
ur 9U0q MU JO YIPIM / (onnaderayy) Juatuyear; [eoring (oreway) sdoq
R uonONPUT 210J2q YoM dUO PajIe)s Eo::mo“ rw
SSO[ 9U0q TR[OIATE N N P
————— TN Jo eardurd rewrxoxdiajui/fereed o) N pue TN UamIaq (Sgd UI SJTJo Tw/Sur 1)
UOT)BUIUB[JUT INSST) JJOS PUE SSO] ’ BHE ST oo ojur A[rexayeqiq uonda(ur TH 71 AP[Pam 221y, uonO3(UT UIXojopud Jo TH 01 (06]
uonostur 06
auoq Ie[oaAfe jsureSe pajoajord une)seAurg OTH Ul AD-NTV-IIS SdT 1702 " Jo uondafur £q J1q
e ’ AO"NTV-IIS 2roeidydosd Jo 8w G/ ¢ pue unejseAwss Jo Sw g : ! Ao_mE&vLEwm
£q snnuoporied [ejuswrodxa ’ )
UI)e)SLATIIS
Surmp uonearssaid suoq
(aanyE3U2A21d) JUSTILIT) [EDISINSUON
aw I9A0
21008 AJIATIO® DT)SB[D09]SO puE
Aroyewrwrepyur jo juswosordury
eIseue(nd [un Lep
$SO[ JuauIydeRe N
191730 £19A5 uonesridde swnjoa 71 QT 820 Are1ayeriq ZIN Areqixey
uondI10sa1 9UOQ PA)BIPIUI-TOT) BUIUIRJUT (suore ALV yim
128 sD Sururejuod a/m 94z sornyedi| 4q 419 (22l
Pa1eM3o1uMOp UBSOIYD )M UNeIseAIo)y  Apueoyrudisur pue uonjestdde
1 Apueoyrusis) UI)e)SLAIO)Y (9rewr) syey
SO+ ALV it Apueagiut (onnaderayy) Justyean [eISIMSUON
uondI0sa1 au0q Je[OATe N
(yuapuadop swm) 01-1[
8-T1 Pue ‘O-1 ‘J1-TI \
SUOI}eOINJ UI PIAIISQO
SEM TUNJUDUID MU ON SIYIS 109J9p JO IS pue Sureay
(Bury) £q pamoroy A[rendurjooonq urur § pue AJresrde
Apueoyrudrs une)seAwss I Jydey suoq suomafur Apjoem 39T [eSN[O00 W § SULMSLaW A Je[nqIpueur
$a8p1Ir snonjuapa pue s309Jop AUoqenur 109Jop 43 ssomipoAUw 1]} JO UOTLdINJ [e0Nq ) J© $)0Jop UOIIedINng
ur Surpeay auoq paA0IduuT J1 IOAIMOE] Auoqexur rewrrxoxdiojur oy} I TSI II SSe[> pue FINJ oY} JO [ersaur pue gNJ (66]
’ ' 11 0¢ ut Sw ¢z 10 Sw g uneIseAwIq
'$109Jop UONedINJ [] SSE[D JO JUIWIL) Ul WNJUWd MU Jo Y33ua] Ie[NqQIPUBW Y] JO [eISIP (WU § X § X F) $109JP
(onnaderayy) jusuuear) [ed13INSUON
ay 103 ajerrdoadde jou sem une)seawng BRI Auoqenur pajfem-¢ [exeiq jo uonjeredaiq
uomedINy [] SSBIO Ul SSO] dU0q / (30939p 2u0q IEMqIpURW) JDV
(une)seAIs YIIM 101813 9%67) (soTeway pue sofeur) sgoq
sy} 93pII snonjuapa
A12A12p ULE)S JO L) pue SPOIA] (11T NS (1)
uness jo asop pue ad4 T, (1r) POy (11)
SUOT)BIIPISUOD [eJUOPOLIdJ s)nsay yuswmean jo odAL (1 [ewy (1 ERIENEIEN

JUDUI)EAT) SJUOPOLId]
A1aA19p Snup [ed07]

[epowr uonponpur spruopordd [eyuswLIddxy

‘ponunuo)) ¢ 414V ],



11

Mediators of Inflammation

(,-0T X €< 40T < ,0T)

(Tw 60"0) suonoa(ur

Jouueur TN Y311 renqrpuey
Jouuew juapuadap-asop [easorradqns T, 0T N ,-0T X € ‘W 4 0T
Juapuadap-asop © Ul dU0Z 15310 sornyedn 4q J19 [16]
® UT SSO[ 9U0q PIONPAT UTJRISBAWIIG UTJR)ISBAWIIS
aU0( ILJOATE UT SSO[ dU0q N (PazZIUI0)02IBAO [BUIDY) Sey
(2A1399301d) JudwIEaT) [EOISINSUON
umopyeaiq reyuoporrad N
BISEURYIND [Iun A[rep
eAldurS  pue uonoNpur 210Joq Aep [ PalIe)s JUIUWLIL], TN Yo Je[nqIpuey
SSO 9UOQ PIONPAI UTJBISLAWITS ur surejoxd pajejfuoqres N Ade1oyy 1ose] Aq pamo[[o] sornyedi| 4q 419 [e¥1]
sso[ auoq N Are10 JySrom £poq Sy/Swr ¢ uryelseawrg (orewu) syey
(samye3UaA01d) JUSTILAT) [EDISINSUON
(1ySroy auoq
JO [eSI2AI 949%) uondiosar
2U0q Ie[02ATe PdNPUI-2IN)ed]| skep (/ J0J Yoom B DM,
A — 3} PAIAO0III UTJBISLAIS searduid [eoonq TN ATe[[IXely
sso[ auoq N a3 ojur pagoafur A[esrdoy sgd 717 0g ur Swrz'g sanyedt 4q 419 (171]
pue uorjerouagol aU0q PaseaIOUT UTJBISBAUIS
2U0q MaU A} UTJB)SBAWIIS (orewr) syey
punoJe s[[oo AI0jeUIWERUI ON (onnaderayy) juswean) [edISIMSUON
UOMeULIO] 9[NPOU 2U0q /
Auanoe 41V v
uonoa(ur djdurg
UIJR)SBAWIS ([JIM UONESLIII pue JyS
U joypod Teyuoporrad TN Te[nqrpuenr 3jo
u
$s0[ aU0q [eIuopoIIdd Paonpar une)seAuIg 13u0q a1} 0JuT (UOTINJOS [23 UTJBISBALUTS + [OSOIJEN]) sornyedi| 4q 419 [6S]
uorssaxdxa g-JININ N\
Tu/Su | (orew) syey
UIJR)SLATIS
(onnaderayy) jusuuyear) [ed13INSUON
syjuour g ur (uoneredard 15979p pue A1931nS JJeIs
pareaddestp (az1s uT U G°¢ X 1) Io)Je YooM JUO) SUONO(UT APoam 2211,
G'¢ 0) WD T X T INOQe Jurjjoms (1M 001) ToueS
ULIT) UOT)O2(UT UTje)SeATuIs ur (3y/8w 6'0) WIS Sw T wonoa(ur [ed07]
19338 do-1s0d syoam va1y], (uoryeredaxd uSisop ynow-Jdg
(yueoyruSISUT) UTJRISBAWUTS YIIM  109J9p JO auimn) A1) Je pauriojrad L1a3ms jye1s) WNJUIWD JOOI
A12A12p ULE)S JO L) pue SPOIA] (11T NS (1)
uness jo asop pue ad4 T, (1r) POy (11)
SUOT)BIIPISUOD [eJUOPOLIdJ s)nsay yuswmean jo odAL (1 [ewy (1 ERIENEIEN

JUDUI)EAT) SJUOPOLId]
A1aA19p Snup [ed07]

[epowr uonponpur spruopordd [eyuswLIddxy

‘panunuoy) ¢ A14V],



Mediators of Inflammation

12

21008 DO N\
21008

a1fooydw4] pue rydonmnou X

juowraoerd arnjedy

I9)Je ¢ pue 7 T S[9aMm Jo Aep 1Sy 3} UQ
TN Pue TIA ATe[[IXBU 21} UaMIaq
eArduid reyered ayy ojur (74 01) pazoalur

Arexane[iq g ATe[xey

UOT)RUWIWIB[JUT uonjeredas remoaqen N\ AJ[edo] (NS Jo Sw g'T 03 Judreamba Gw 961
[eyuoporrad paseardop pue uoreIouadal IPquNu Jedaqes) /  ‘SgJ Ul PIAJOSSIP) PIoe NIS pue (JATS Sw g T (armyed1) 419 [ew1]
auoq Tejuoporrad pasordwr unejseawg SSOUDIY} Je[NO2qeT) / 03 Judreamba Gur 96 ‘94 G7 UT PIAJOSSIP) (srewdy) yey
wn[oA duoq / 1dd-INIS SUrpnypul sjuauIear) JUSIYI(
1dd-INIS Ym uonearssaxd aredn(uod I J-INIS
15910 2UOQ JB[OIA[E / UT)e)SEAWIS
(onnaderayy) juswea [edISIMsuoN
Kep (ISZ o) 0} UOnIasul
21nJe31] JO ABP ISITJ 9 OUIS YIM B DIM],
AISAT[OP UTEIS JO SUIT} pUB SPOIA (TIT) A1g (TIM)
SUONBISPISUOD [RIUOPOLId] SHMSAY e wMoMMMQWWWOQMWWAMW _UM“NNMAMW e

JUSWIJEAT) SHIJUOPOLIdJ
A1aA1p9p Snup [ed07]

[epowr uonpnpur snruoporrad [eyuswIadxy

‘PonuUNUO) ¢ ATV ],



13

Mediators of Inflammation

SISBUTUILSUERI) WNIAS UO 19972 ON

ALV + NTV Jo asop

JOMOT (JIM UOTIONPAI JTVY PIIUAdIJ

(A1oamoadsar

Aqreonnaderayy pue Apeonoeidydord  <Sy/Swr ¢ 0+3y/8w 10°0) ALV + NTV JO

BISBURTIND [UN
Arep uat pue wononpur snruoporiad jo jrels

3} 19)Je sAep G 10 eISEURYINS [I3UN AJIep 3dU0 9] Areqxe
{poq uOREN[YuL [[2> AojewuIeguL - 350p 12MO] M (%7'€S) Afrednnadeayy B@Mo&%« pue WCoEouﬁm ohﬂ«wwh 2&%@ %:: 0€ wauwzww: NM_Q L\M [o%]
pue ‘uond1osal [BJUIWD ‘SSO| pue (%6¢) Areonoeidydoxd NTV @i .:oSm:EE.S up Aw:.wEv ey
2UO0( JL[O2ATE PRONPII UI}BISLAIO}Y 30q $S0[ 2UOQ TLOAAE N o o Aq Sy 1z 10 mx\w.E m.o.z:m.“maioﬁ«
s1sojfoouowoydwA] :

pue ergdommou K, (onnaderatpy + aa1309301d) JustjeaI) [eOISINSUON

uondiosar wnuawad N
Aianoe OdIN pue dvaL N

sasop Swr ¢ pue |

BISBURYIND [I3UN
yIm uonodjoid ssof suoq juesyrudisug : L

Arep uayy pue Juswaoe[d a1nyedy| a10joq uTwW (¢

$SO[ 9U0q Je[0dA[e JsureSe (1017602 343 tim 3ey) 0 pareduios a3eaed £q ouryes o[L12)S UT PIXIW UT}BISLAIO}Y TN BRI Arexe v
350p SWI 6 YIM UOTONPAT %/F) 5 < samyei 4q d19 [¥¥1]
109J2 2A1302101d PEY UI}e)SLAIO}Y /8w g pue ¢ T
7N 12ddn jo saoey rewrxoxd LPISEALG (srew) syey
UI SB [[oM SE BaIe UOTJedINJ 3y} Ul Hey W
: : : (2A1309301d) JUUI}EAT) [EIIINSUON
SSO[ AUO0q JR[OIATE N ‘ ‘
$SO[ 9UO0q TB[OIAE JO UOTJIQIYU]
S[PA9] 1TV PU® ISV UI SOOUIPIP ON
uorssaxdxe TNV
pue YNVY ‘8-dINN ‘T-dINN ‘SONE N\ ATrep 2ou0
sonaadoad jueprxonyue XON pue YN [earduid 1rep TIN YOI ATe[[Ixen
: S P J19)Je2IY) pUe UONONPUI 910Joq INOY | :
passassod pue uondiosar suoq HSD [earduid N\ o samyed1] 4q d19 [85]
Aep/8y/8w o¢ pue Q[ ‘¢ uneIseAWIs
AoyeurUrefyUT PajUaAdId UTjRISRATUIS 01-1I v (oreurdy) syeyg

o>5030.~& juaurjeay muﬂw‘ﬁﬁmﬁo
v-ANL pue ¢ 1-T1 N\ (ont ) Lt N

(yuapuadap asop) Aj1anoe OJIN \
Ayande gL v
SPAI[ DJO pue T-dING

Juapuadap 3SOP ST SSO JUOQ JR[OATE N

Auande yaw N\
[PA9] T-XOD N\ Afrep 2ouo
Touuew judapuadap-asop (yuspuadap I9)JERISY) PUE UOLINPUI 210§3q NOY | TIN 9] Areq[ixey
© UI SSO[ 2U0q JB[OdA]e 3s0p) OdIN pue D-INL ‘J1-TI N\ Sy/8w o1 pue Sy/Swr g By/Sw | saanyed1] 4q J19 [1€]
jsureSe pajoajoid uneIseAIo}y S[eA3] HSD UI}BISLAIO)Y (orewr) syey
5d0 v (2a1122301d) Juouyear) [esrdInsuoN

JINVY “TINVE N
6~dININ “T-dINIAL N\

Ax2A1[p une)s Jo dSwry pue SpoAl (i) S (1)
d4
SUOTRISPISUOD [RIUOPOLId] SISy e Wowwwowmﬂw&wﬂ% @MMNMA% e

JULUIEAT) SIHUOPOLIdJ  [opowr uondnput snruoporad [ejuswodxy
A10AT[9p SNIp OTIIN)SAS

‘3urreay punom [ejuoporiad uo UORENSIUTWIPE UIe)s OIU)SAS Jo Joedwil oY) JuryeneAd saIpnis oAd uJ : 414V ],



Mediators of Inflammation

14

uononpur
snnuoporiad 19)je s{ep g PajIe)s Juouedl],
$50[ AU0Q TE[ORATE PUE RO PISEUBYINO A[rexoreiq g Arej[ixew pue [ fenqIpuBiy
9T\ soanyed1| 4q 19 [¥e]
UOTJBUIWUB[JUT PISEIIOIP UIILISEAWIS [nun 4Jpe1o Arep 2ouo 1oyem ur Sy/Swr o]
SSO[ 9UOQ IR[OdA[R N (9rewr) syey
UIJR)SLATI
(ommnaderayy) Juatuear) [edISIsuoN
BISRUBIND
uonepeidop SSO[ AUO0q JB[OIATE N mun A[rep 2o0uo uayy pue uoned| 210Joq Y TN Areqxey
: : : o 321p ySnoxyy wononpur erwoprdipredAy
2U0Q PAONPUI-UOI}eUIWE[JUT eruatod4y pue uoneuwrwRUI N\ aSeaed £q 1o7em Ut S/3w 07 oS 4 [#s]
jsureSe pajoajord uneseansoy (Apueogrudis) SONI [earSurd N ULIBISBANSOY uo ME n_wmmm
(2A1309301d) JudUIEaI) [€IISINSUON (orewr) syey
(Apueoyrudis) sso[ auoq Ie[oaAfe N\
PAUNUEO PISBURYIND
2quInt 50 "\ mun A[rep aouo uayy pue uoneSi| 210Joq Y T TIN ATef[Ixey
SSO[ 9U0q JE[OIAE ajen[yur AToyewrteur \ ‘ : S ‘
: : o8eaed £q 1o7em ur 3y/3w g sarnyedn| 4q J19 [sz]
jsurede pajoajord unejseansoy HSD v : :
UI)e)SLANSOY (srewr) syey
me\m M (2A1309301d) JUSUIILAT) [EOISINSUON
0T-TI v
uorssaidxo sy §
uondiosaz SPqmsE N.EE& MMW W o.usﬂ:: .mﬁ.ﬁ o SYoom g 10J  10] yoom 1ad 2011 ZIN pue TN ATefIxewr
9U0Q PajeIPIW-UOT} R WU B[UT 2450 AM.M\MM\M-MH SM-MWWWWWM o3eaed [e1o e1a A[rep (Aep/Sy/Swr o7) uneyseawrts oy usamieq eardurd reyered ayy ySnoayy §q1 [e€]
paren3aIumop UIjeISEAWIS S199U280}SE[209150 PIAIPUI SAT (9A1309301d) JULMIILAT) [€IISINSUON vy jo yex/3n oz fo @MM.NMMWN.W MHUNM
(%T¢) SSO[ 2UO(q JB[OIATE PAONPUT SIT N\ [ee%)
uorndiosar suoq N\
SJeI JeJ pue ued[ yjoq ur uorssardxa SdT SoIM F
uondiosar 7ISD pue TINVY paje[nuns 47\ Jo UOno2(ur se Aep oures oy} UO pajIe)s Jusunjedl],  Joj yoom 1od a1y ‘ZIN pue TN ATe[xew
9U0Q PaJeIPIW-UOT} R U E[UT 91005 A10jRUTUIRRUT N soam F J03 aSeaed eia Areq oy} usamiaq eardurd feyered oy ojur [z€]
parenSoIumop urjeseAwIs S[[92 JePNUOUOW JO UOTJRI UL N Kep/Sy/Swr oz uneyseawnts  (Sgd ur S vy Jo 81 0z Jo uonoa(ur) JOV
(Apueoyrugis) syerx jej pue uea] yloq (2A1309301d) JUdUI}EAT) [€IIINSUON (swoIpuAs dI[0qeIdAW YIIM J[BT)) SIBY
U[ SO 9UO0q JBJO2ATE PAONPUT §JT N\
(Sy/8w £7) S1503400N pAyuRAdI]
sasop onnadesays (8/8w £7) S[eAd] wnos BISBUBYIND [IUN A[IEp 20UO TN 19 e
JdTVd JO Uononpal oY) pajuaAdl I9)JeaIdr) pue juourade[d ammyedr| a10joq Ut (¢
pue ondedydord yroq yim ssof oo saxmedI| 4q d19 [s¥1]
(sasop 3y/3w /g oFeaed £q 3y/3w £z pue ¢ ‘¢’ uneISeAIO)Y
2U0q Te[0dATE PajudAald UnjeISEAIO)NY (orewr) syey
10J 995 pue S¥/SuI ¢ 10J 96¢) IoUULRW (2a1399301d) JUSMIILAT) [EIISINSUON
Juapuadap-asop ® UT 2UOq Je[OATE N
Ax2A1[op une)s Jo dwry pue SpoAl (1) NS (1)
une)s jo asop pue ad4 [, (1) PO (11)
SUOI}RIIPISUOD [BJUOPOLId] s)nsay Jwowesn 3o di1. (1) [ewy (1 ERIENEIEN

JUSUI)EAT) SHIIUOPOLIdJ
A10AT[9p SnIp OTUIN)SAS

[epowr uonponpur spruopordd [eyuswLIddxy

‘ponunuoy) i 414V ],



15

Mediators of Inflammation

Kep
$50] 2UOq IE[0RAJE $SO[ 2UOQ JB[O2ATE N, JUIES Y} UO PI)IL)S UOIINPUI PUE JUIUIILIT) ], TN WySur zenqrpuely
UOTJEUIWIB[JUT Sy/8w oz sornyed1| 4q J19 (z¥1]
jsurede pajoajold uneseaws ’ : :
[eyuoporrad ur Ayiande JTV UI}eISEAIIS (orewr) syeyg
(2A1309101d) JudUI}EAT) [EIISINSUON
$S0[ 9U0q PadNpuI-y durI0dso(o£d
payqryur Aja3o[durod urjeIseAunrg
A1aA19p
UIJBISLAWS pUB Y JULIOdSO[o4d Kep
$S0[ 9U0q PadNPUI-Y duLI0dsoLd JUBITWOOWOD [JIM JNq JOAOUIN] JWES 31} WO PIIe)S UONOINPUT PUB JUSWIJLII) oY, TN JYSLI TenqIpueiy
o) pa1ayunod Apejerdurod 2U0q TB[O2ATE UO 1039 JuedyTudIs ON skep g 10§ saanyeSi) £4q d19
31 1nq snnuopotrad ur ssof auoq dTV jo Arep Aqrexo 3y/3w og (sso[ au0q Ie[oaA[e [sel
Te[oaATe JuaAd1d J0U PIp UI}e)SeATUIS 9582109p PAJRIPIUI-Y SULIOdsO[IAd UTje)SeAUIIS paonpur-y auriodso[d£d ofewr) syey
) PYO0[q I INQ S[PAJ] JTY WNIS (2an122101d) Juouryear) esrdmsuoN
uo aseastp [ejuoporrad jo aouasaxd at)
UT JUSWIEDT) UTJRISLATUIS JO 109[J9 ON
(ApueogruSis) sUONLNUDUOD +7BD) /
S[2A9[ ¥- NI, U0 muwwhwwmw om T —
SSO[ 9UO( JE[OIAE JJUNOD .ﬁ 4 < J0 uonenmur oy soye sAep §T PojIe)s JuaUIIeaI], TIA 3] Te[nqrpueiy
0} SIOJRIPIW AIOJeUrUIejUl-T)Uue 6-dNN QUIeS UT PIAJOSSI(] saxeSiy £q d19 [9%1]
a1} pajowroxd umnejseawrs s 0111 M Sy/8wr gz uneyseauntg (orewr) syeyg
PRI VAN (onnaderayy) jusurjear) [ed13IsSuON
SPA] DT, v
uononpur spnuopoLad Iajje UNe)seAws pue
sanuopoad 210J9q zoﬂmwum_ﬁawm I9JeM (UTJB)SBAUIIS-TO)eM
pue cuononpur spnuoporad 19)ye 19jem
Jo JuowrdofaAdp ay) jsurede
P219)[j pUE 2I0J0q UOTJRIISTUTUIPE UT)BISEAUITS
yuawrdopaasp sunuopotiad jsureSe UI}ISEAUIS JO 1032 9A123101d ON . AR : ‘ TN Te[nqIpuey
:19JeM-UT)BISBATUTS SUOLONPUT snyrpuoporad
s100p9 onnaderay) 10 aandaj01d I9YeM PAATIAT JeT]) sanyed1| Aq J19 (6]
19)Je pue 210Joq UonensIurwpe (Kep/3y/Suw g¢)
$$95s0d 10U PIP UTJLISEATUTS aso) pue spnuoporrad Jo uononpur syey
o3eaed £q unejseawsrs jo uorsuadsns snoanbe
oy} 210Joq urye)seawss Suraroar sdnoid . : AR
“UI)R)SEAUIS-UT}L)SLATIIS :SJUSIEI) JUSIINI(]
U22M12q SIIUIPIP JUBIYTUSIS ON
UI})SeATUTS
(onnaderay + 2a1309301d) Judtuyean) [eo13InsuoN
RISEURYIND [Oun AJrep
- £ £
S159U280)5E[20150 PUE $50] s[[eo pajeapnunnu aAnIsod-JV I, N\ uonoNpur Jo Aep 3} 0UTS P3)IL)S JUSUIBIL], [Te1aIe[Iq TIA Je[nqIpuely
SSOJ JuUaUIyde)e N o3eaed [e1o Sy/3w g sornyedi| 4q 419 (6]
2UO0q TB[O2AE PIONPAT UTJRISEANSOY
BAIR UOI}BDINJ UT SSO aU0q N UI}e)SEANSOY (oaTsURYIAY ofew) S1Ey
(2a1199101d) JuatIIEaI) [BIISINSUON
Ax2A1[op une)s Jo dwry pue SpoAl (1) NS (1)
une)s jo asop pue ad4 [, (1) PO (11)
SUOTJRISPISUOD [BJUOPOLIdJ s)nsay Jwowesn 3o di1. (1) [ewy (1 ERIENEIEN

juauI)ea) SHIIUOPOLIdJ [9powr uononpur synuoporiad [ejuswrodxy

A10AT[9p SnIp OTUIN)SAS

‘ponunuoy) i 414V ],



Mediators of Inflammation

16

Ayanoe JTyg pue suorssardxa

uruajed-g pue g ¢ SpaemIage
vonewwRUI e put Sumw;\, UmOM A[rep 95U0 puE UONONPUI 310J9q UIW O Yot Areqixeiy soxmedi £
peonpar pue spnuoporad ur ssof Sioao cw MMD ﬂw Avw%%m P Aqreo ATV /8w /7 O HRTATEL Mz o MEVL mwmw [97]
3U0q IB[0AE ParuaAd1d ULIeISLAIO] [PA9T LVD PUE ‘dOS "HSO 0111 UIBISBAIO) dOIO =1
A-EOAER . V' 811 pue 911 ‘g1-T1 D-ANL ‘OdIN N _ v
(2A1309301d) JusUIEaI) [EIIINSUON
$so[ au0q N\
/ Pue ¥ sep uo 7N
i DINVI N £ pue ‘F ‘T sAep uo suonoadfur J1  Ienqrpuewr 3391 jo earduid ayy Je uonod(ur
oo m%MMMwMB%ﬁm MMW«EE@E UOTSOId dU0q PAoNpUI-§JT N\ Sy/8wr ¢ uneyseanyy SdT18d /8w 1 [92]
P HEISPANTd (%0S< £q) DO paonpur §4T N\ (9A1309301d) JULWIILAT) [€IISINSUON (uonpafur §478d) dADV
(Sre) 1N
AI9AT[PP UTyElS JO SWMy pue SPOIA (TIT) a1g (1)
une)s o asop pue ad4 [, (1) POYRIN (11)
SUOI}RIIPISUOD [EJUOPOLId] symsay Juawean Jo 2dA 1. (1 [ewy (1) ERIIEREIEN

JUSUIBAT) STIIUOPOLIdJ
A1aATop Snup orurays4g

[epowr uonponpur snruoporiad [eyuswLIadxy

‘panunuo)) i A4V J,



Mediators of Inflammation

17

TAaBLE 5: In vivo studies evaluating the impact of a combination of local and systemic statin administration on periodontal wound healing.

Local + systemic drug delivery

Experimental periodontitis

. . Periodontitis treatment
induction model

(i) Type of treatment

Reference (i) Animal . . Results Periodontal considerations
(ii) Method (ii) Type and dose of statin
. (iii) Mode and time of statin delivery
(iii) Site
/ alveolar bone area %
Nonsurglc?l treatment (therapeutic) . VEGF Atorvastatin increased the
Rats (male) ?t:t?r:jgﬁn (5mg/kg in a volume of z Z[\Z[(Ez bone and alveolar bone regeneration
[57] EIP by ligature mandibular A Y 5758 . while decreasing the
0.5mL) and locally (0.1 mg/kgina  attachment loss . . .
Ml Lo periodontal inflammation
volume of 0.05mL) at a dose of Local application showed and attachment loss
0.1 mg/kg in a volume of 0.05 mL  better results on
periodontium healing
1 0,
Rats (female Nonsurgical treatment (therapeutic) ]. alveolar crest height (208 % Simvastatin reduced bone
ovarectomized) Simvastatin w%th local & oral and 27% degradation when
[92] EIP by ligatures Local injection (0.8 mg/0.05 mL) glg\}%é) administered locally,
Maxillary M1 and M2 Oral (25 mg/kg) 7 trabecular thickness systemically, or both locally
bilaterally For two months until euthanasia and systemically together

\ trabecular separation

The animals included in the studies are healthy unless stated otherwise. Treatment was considered (1) “preventative” when it started at least one day before the
start of EIP/ACP induction, (ii) “protective” when it started the same day as that of EIP/ACP induction, and (iii) “therapeutic” when it started at least one day

after the start of EIP/ACP induction.

group [104-108] (Table 6). Amongst these studies, the mean
difference of PD between the test and control groups ranged
from 1.3 £ 0.21 mm to 2.51 + 0.22 mm (p < 0.001). Thus, the
mean difference of CAL between the test and control groups
ranged from 1.16+0.09mm to 2.35+0.08 (p<0.001).
Moreover, the mean difference of bone defect fill between
the test and control groups ranged from 1.336 +0.714 to
3.08 £0.07 (p < 0.001).

3.8. Impact of Systemic Administration of Statins on
Nonsurgical Periodontal Treatment Outcomes. The impact
of systemic administration of statins on nonsurgical peri-
odontal treatment outcomes was evaluated in a few studies
(Table 7). From the 7 studies identified, 4 demonstrated
significant improvements regarding reduction of PD,
CAL gain, and/or tooth loss in comparison to the control
group [56,109-111]. At contrary, 3 other studies did not show
any significant differences in periodontal outcomes between
the statin-treated and control groups [112-114]. These dis-
crepancies could be due to the very short follow-up of the
abovementioned 3 studies (3 months) compared to the other
ones (from 3 months to 7 years follow-up). Moreover, one
of the studies did not compare the treatment group with a
control group [110].

4. Discussion

Statins exhibit multiple effects, including modulation of
inflammatory-immune crosstalk, bone regeneration, and
antibacterial activity, to promote periodontal wound healing
and regeneration (Figure 5). They act through several closely
interrelated pathways highlighting potential therapeutic tar-
gets. The hydrophobic or hydrophilic nature of statins deter-
mines their efficacy, action on periodontal pathogens, and

treatment response and appears to be largely cell and tissue
dependent [69, 78]. Further insight into this may help select-
ing the best statin.

Moreover, the mode of statin delivery also affects the
treatment outcomes. Oral systemic administration of statins
reduces periodontal inflammation and consequent tooth loss
[111] but the low resultant dose available to the tissues after
hepatic bypass renders them relatively less efficacious [60].
On the other hand, a higher dose to enhance efficacy
can manifest systemic side effects such as statin-induced
myopathy, hepatotoxicity, nephrotoxicity, pulmonary man-
ifestations, ophthalmological manifestations, gastrointesti-
nal hemorrhage risk, and oral manifestations (dryness,
itch, bitterness, and cough) [115, 116]. Therefore, to avoid
these side effects, various local application strategies have
been tested that allow site-specific delivery reducing the
required dose, frequency of application, and bioavailability
in the blood [60, 117, 118], concomitantly improving patient
compliance [119].

The development and selection of an optimal statin deliv-
ery carrier are crucial as it enhances the statin retention on
the lesion and acts as a scaffold for cell growth and differen-
tiation [120]; therefore, it should be capable to withstand the
oral environment, continuous fluid exchange inside the
pocket, and salivary influx.

Several studies demonstrate that anti-inflammatory
properties of statins vary according to the type and dose of
statin used [121]. On a cellular level, modulation of macro-
phage polarization from a proinflammatory M1 to a proreso-
lution M2 phenotype by systemic delivery of immune
modulatory drugs resolved persistent inflammation associ-
ated with chronic periodontitis [122]. In this context, statins’
ability to switch M1 to M2 to promote periodontal wound
healing and regeneration needs to be explored. Furthermore,
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F1GURE 5: Pleiotropic effects of statins in the context of periodontitis management. Statin biological properties might be of interest for the
management of periodontitis as they act on each tissular compartment and mechanisms including inflammatory-immune crosstalk, bone

metabolism and bacterial clearance.

it is yet to be established if statin-induced reduction in
plasma total cholesterol and LDL cholesterol levels in the
periodontal space could decrease macrophage recruitment
to improve the treatment outcome.

Despite the documented anti-inflammatory properties of
statins, a local high-dose statin application causes consider-
able soft tissue inflammation [123]. Accordingly, studies
determined that reducing the simvastatin dose from 2.2 mg
to 0.5mg reduced inflammation without compromising its
bone growth potential [67]. A 10 mg/kg/day dose in rats is
equivalent to 70 mg/day for humans, so it is a high systemic
dose compared to that commonly used in clinical practice
(20-40 mg/day) [124].

Concerning locally applied statins, most clinical studies
investigated the 1.2% dose (mainly atorvastatin, simvastatin,
and rosuvastatin) [20, 23, 125, 126]. Therefore, other doses
should be tested to compare efficacy.

Most of the review articles have focused on the use of sta-
tins as adjunct to the nonsurgical SRP in clinical settings
[127-129]. Here, this review encompasses the use of statins
(local, systemic, or combination), alone or in addition to
other drugs or scaffolds, in nonsurgical or surgical periodon-
tal treatment in vitro, in vivo, and in clinical trials. However,
the potential of statins in surgical periodontal therapy
remains relatively less explored except for a few studies where
treatment outcomes were improved, primarily, with the

combination of some other regenerative agents such as allo-
graft or PRF [105, 106]. Cognizant of the numerous studies
involving statins, not all statin types have been studied so
far; thus, exploring all natural and synthetic statins to com-
pare their efficacy and safety could be instrumental.
Notably, 17 out of 32 clinical studies were carried out by
the same group of researchers on similar population; there-
fore, generalizations should be drawn with caution. Addi-
tionally, in most studies involving statins, the follow-up
period was no longer than 9 months [103, 130]. Hence, it is
imperative to follow clinical studies for periods longer than
those commonly investigated so as to achieve a deeper and
more genuine insight into their long-term benefits. Discrep-
ancies amongst outcomes between time points are of impor-
tance to clearly conclude. For instance, the meta-analysis
performed by Sinjab et al. [131] declared the outcomes of
the control group of a study [20] to be better by considering
the data up to 6 months follow-up, whereas the meta-analysis
performed by Ambrosio et al. regarded the treatment group
of the same study to have better outcomes as the follow-up
data until 9 months was taken into account [132].
Moreover, the studies carried out so far mainly involved
hyperlipidemic patients, diabetic patients, or smokers. Sys-
temic diseases, such as obesity or metabolic syndrome, have
been linked with periodontitis [133]. It has been demon-
strated that such conditions modify significantly the host
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response to periodontal pathogens [134] but also could
impaired treatment response. For instance, in a rat model
of metabolic syndrome, the effects induced by statins in rats
with metabolic syndrome were different in comparison with
rats without [32] highlighting the potential modulation of
pharmacologic effect due to the systemic condition. Even if
clinical trials performed in diabetes patients or exhibiting
hyperlipidemia showed promising results when statins were
administered concomitantly to nonsurgical periodontal
treatment [56, 110, 113, 114], more studies are required to
better understand the differential biological mechanisms
modulated by statin’s administration. It would also be of
importance to assess statins’ tolerance and efficacy in subjects
with different systemic conditions where periodontal treat-
ment response is impaired (e.g., liver diseases, kidney dys-
function, and immunocompromised states).

In clinical trials, the local application of statins with
surgical periodontal treatment always showed significant
improvements in periodontal parameters [105, 106]. How-
ever, in vivo, statin application in ACP models showed con-
tradictory results [99] which could be explained by the
limitations of animal models to simulate conditions identical
to human periodontal disease. Nevertheless, as a direct opti-
mization of treatment protocols in humans is not ethically
permissible, the utility of preclinical models to get directions
and overall assessment of the expected treatment outcomes
in clinical scenarios cannot be undermined.

Concerning the systemic administration of statins, a
study reported that using a combination of two pharmacoki-
netically different statins (20 mg/day of atorvastatin plus
40 mg/day of pravastatin) in hyperlipidemic patients for
one year improved their lipid profiles compared to those on
monotherapies [135]. Besides, a case of a hyperlipidemic
patient experiencing certain side effects with a high dose of
systemic simvastatin who could well tolerate a combination
of reduced doses of simvastatin and rosuvastatin instead
has also been reported [136]. To the best of our knowledge,
no two statins have been combined for periodontal treatment
so far; nonetheless, combination of two statins could be
tested for its impact on periodontal treatment response.

Likewise, the impact of incorporating statins with antimi-
crobial agents, growth factors, or other proregenerative mol-
ecules within a local application system could be studied as
adjunct to SRP. Statin integration into gels [21] or dentifrice
[137] could enhance ease of application and patient’s compli-
ance and could be potentially beneficial in the maintenance
phase to counter periodontal breakdown that persists after
conventional periodontal treatment. The literature does not
report the impact of statins on patients with extremely poor
oral hygiene; nonetheless, it could be interesting to explore
the impact of statins on oral hygiene indicators.

5. Conclusion

Statins have been studied in depth in the context of bone
regeneration, but soft tissue healing remains relatively less
explored. Further research into it could present statins as a
potential adjunctive therapeutic strategy with a positive
impact on both hard and soft periodontal tissue healing.
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Furthermore, the impact of statins on proresolution mole-
cules has not been investigated in the context of periodontal
wound healing and regeneration. This could unveil new
vistas for statins as regenerative therapeutics. Since all
available statins have not been tested yet, new studies need
to evaluate the impact of other statins on antibacterial,
inflammatory, immune, and osteoprogenitor responses. To
conclude, choosing an optimum dose of statins, based on
the mode of drug delivery and the carrier employed, may
enhance the positive impact of statins on the periodontal
treatment outcomes. Moreover, combining statins with
growth factors or other drugs in an efficient carrier system
may be beneficial to promote periodontal regeneration.
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