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ABSTRACT

Background: Statins are drugs used for the treatment of dyslipidemia. However, statins
have multiple actions, including anti-inflammatory and immunomodulatory effects, as
well as the ability to stimulate new bone formation. Such features could be beneficial for
periodontal pathology therapy. Methods: Aliterature review was conducted using filtered
electronic databases (Cochrane and Trip) and unfiltered databases (Medline/PubMed,
Scielo and Google Scholar). The articles chosen were controlled and randomized
clinical trials that performed local delivery of statins to humans and assessed the effects
of immunomodulation and bone regeneration on periodontal disease between 2010 and
2017. All of the studies were blind or double-blind and were written in English. Results:
The inclusion criteria were applied to a total of 79 identified articles, and 10 studies were
ultimately chosen. The results show that an injected dose of statins or the local delivery
of atorvastatin (ATV) leads to a significant improvement in clinical and radiographic
periodontal parameters. Moreover, rosuvastatin (RSV) induced stronger beneficial
effects when administered systemically, whereas ATV and simvastatin (SMV) had better
results following topical delivery. Conclusions: Statins can affect periodontal status,
increasing the gain in clinical attachment and decreasing gingival bleeding, probing
depth and the magnitude of bone defects. For this reason, statins represent an excellent
support measure for conventional periodontal therapy. Specifically, positive effects are
seen for local delivery of statins as an adjunct treatment to scaling and root planing
(SRP) at doses of 1.2 to 2%. Statins could be administered through topical delivery
via direct injection in the periodontal pocket or by brushing with medicated dentifrices.
More studies with appropriate designs should evaluate the short and long term clinical
benefit of statins inpatients with periodontal pathology. These studies should determine
the appropriate dose, timing side effects and ideal vehicles for delivery.
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INTRODUCTION

Periodontal disease is highly prevalent. According to a study that
estimated the prevalence, severity and extent of periodontitis in the adult
population of the United States, more than 47% of individuals presented
with this condition™. The prevalence of periodontal disease is even
higher in Chile. A study conducted in 2010 demonstrated that 93.45% of
individuals between 35 and 44 years of age showed an attachment loss =
3 mm in at least one site. This prevalence is greater in adults between 65
and 74 years of age, who showed an attachment loss = 3 mm in 97.58%
of cases®.

Periodontitis etiology is attributed to specific microorganisms located
subgingivally in the gingival sulcus. These microorganisms stimulate an
excessive immune-inflammatory response in susceptible hosts. Several
proinflammatory molecules and cytokines are synthesized and released
during this response, stimulating the destruction of periodontal tissue®4.

Statins are inhibitors of 3-hydroxy-3-methylglutaryl CoA reductase
and have become one of the most prescribed drugs in the world®. The
prevalence of their use is due to their ability to treat dyslipidemia and
to prevent cardiovascular diseases®®). Currently, two subtypes of statins
are available: natural statins, such as simvastatin (SMV), and synthetic
statins, such as atorvastatin (ATV)". The properties of statins differ in
terms of lipophilicity and hydrophilicity, which are characteristics that affect
their ability to pass across cell membranes non-selectively via passive
diffusion®. Lipophilic statins, such as simvastatin and atorvastatin, move
easily across the cell membrane. In contrast, the transport mechanism of
hydrophilic statins, such as rosuvastatin (RSV), specifically facilitate the
entry into hepatic cells®.

In addition to their primary hypolipidemic action, the following pleiotropic
properties are known, which are independent of the cholesterol-lowering

action®: 1) anti-inflammatory and immunomodulatory, 2) antithrombotic
and antiproliferative, and 3) decrease of endothelial dysfunction, oxidative
stress, etc.®®9 As statins inhibit the activation of inflammatory response
mediators, such as interleukin 1 B (IL-1B), interleukin 6 (IL-6), and tumor
necrosis factor (TNF-a), it has been suggested to use these drugs to treat
different inflammatory and autoimmune diseases®. Statins decrease the
levels of metalloproteinases (MMPs) 1/2/8/9"» and the inducible nitric
oxide synthase (iNOS) enzyme(™. All of these actions are attributed to the
capacity of statins to modulate signal transduction pathways that activate
proinflammatory transcription factors, such as nuclear factor kappa 8 (NF-
K B)19. Moreover, statins can promote the differentiation of osteoblasts
by stimulating bone morphogenetic protein-2 (BMP-2)("? and vascular
endothelial growth factor (VEGF), helping to stimulate the formation of
bone tissue™.

Osteoblasts differentiate in response to several factors, including VEGF.
When expressed in osteoblasts, VEGF induces alkaline phosphatase
activity and improves responsiveness to parathyroid hormone (PTH)
(14 On the other hand, BMP-2 is one of the most potent inductors and
stimulators of osteoblast differentiation and bone formation. BMP-2 not
only stimulates osteoprogenitor cells to differentiate into osteoblasts
but also induces non-osteogenic cells to differentiate into osteoblast
lineage cells"®). Statins increase the transcription of BMP-2 and VEGF
in osteoblasts by inhibiting protein prenylation, thereby promoting bone
formation4.

Due to the pleiotropic, non-hypolipidemic effects of statins, these drugs
could potentially be used as coadjuvant therapeutic agents for periodontal
disease management. By employing either systemic or local delivery
systems, recent studies have explored the biological mechanisms that
may be involved in the anti-inflammatory effects of statins on periodontal
tissue('21319)_|n this way, the conventional periodontal treatment approach
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could be augmented with statins to decrease periodontal inflammation?”
and promote bone tissue formation®.

In vitro studies performed in human periodontal ligament cells
demonstrate that low doses of simvastatin stimulate alkaline phosphatase
activity, cell proliferation and osteoblast differentiation, suggesting the
sensitivity of connective tissue cells to simvastatin('®. The mechanisms by
which statins reduce bone loss can be explained by results demonstrating
that the local delivery of simvastatin increases the expression of three
osteoinductive growth factors (TGF1, BMP-2, and VEGF). Therefore,
statins can promote the formation of new bone!"®. Furthermore, other
studies have shown that the application of systemic simvastatin or
atorvastatin decreases the expression of receptor activator of NF-k 3
(RANK) and the receptor activator of NF-k 3 ligand (RANKL) in conjunction
with an increase of osteoprotegerin (OPG) levels!'2'®). Balli et al.(™®
determined that systemic or local delivery of atorvastatin increases VEGF
levels. In addition, statins can help to i) decrease free radical release and
oxidative stress;(2'9 ii) lower the expression of MMPs 1/8/9, IL-13, IL-6,
and TNF-q; and iii) increase the expression of IL-101220),

The aim of this review is to evaluate the scientific evidence, and quality
thereof, regarding the local delivery of statins, particularly simvastatin,
atorvastatin and rosuvastatin, with a focus on how they could complement
conventional periodontal therapy.

MATERIAL AND METHODS

The literature search was conducted using filtered electronic databases
(Cochrane and Meta-search (Trip)), and unfiltered databases (Medline/
PubMed, Scielo and Google Scholar).

In addition, a manual review was performed of the “Journal
of Periodontology”, the “Journal of Clinical Periodontology” and
“Periodontology 2000”, as well as the references mentioned in the
selected articles.

The following combinations of Boolean connectors with MeSh
terms were used for the electronic search: (statins OR simvastatin OR
atorvastatin OR rosuvastatin) AND (periodontitis OR “periodontal disease”
OR “periodontal therapy”). Because the search results contained articles
that assessed the use of statins in apical periodontitis, the Boolean term
NOT was used to exclude such studies. The articles that were obtained
as full text in the journals and databases subscribed to by the Library of
Universidad de los Andes were compiled. Then, the following inclusion
criteria were considered: i) the article was written in English between 2010
and 2017; ii) the study described a controlled and randomized clinical trial
that was blinded or double-blinded; and iii) the study administered statins
via local delivery as an adjunct to scaling and root planning (SRP) in
patients with chronic periodontitis who were healthy, smokers or diabetic.
Studies combining statins with other bone regeneration techniques
were excluded. The articles written in Chinese or other languages were
excluded from this review. In the first search, 79 articles were found; 60
articles were excluded due to title selection, then 8 were excluded due
to abstract, and finally 1 was excluded after fully reviewing the article.
Moreover, 10 were ultimately chosen after applying the inclusion criteria.

RESULTS

Recently, several randomized clinical trials have been published that
study the effect of statins in patients with chronic periodontitis®2™-29), In
general, these studies have demonstrated the effectiveness of topical
delivery by injection within periodontal pockets of 3 classes of statins:
SMV, ATV and RSV. These statins are generally administered at doses
of 1.2%. Only ATV was delivered at a higher concentration (2%), using
a dentifrice as an adjunct treatment to SRP at the same time as the
intervention. The main results of these studies are discussed below.

Pradeep & Thorat® studied the local delivery of SMV in 60 generally
healthy patients between 25 and 45 years of age with chronic periodontitis.
The patients were randomly allocated into two treatment groups, and SRP
was performed for both groups. Group 1 was then treated with a placebo
gel, while group 2 was treated with 0.1 ml of 1.2% SMV gel (1.2 mg/0.1
ml) delivered into the periodontal pockets (one site per subject) using
a syringe with a blunt cannula. The clinical parameters were measured
at baseline and at 1, 2, 4 and 6 months. The radiographic evaluation
of intrabony defects was performed at baseline and at 6 months after
the intervention using a standardized digital radiograph with individually
customized bite blocks and a parallel-angle technique. In addition, gingival
crevicular fluid (GCF) samples were collected from drug-delivery sites in 6
randomly selected patients from group 2 (Table 1). The results showed a
significant improvement in clinical parameters (modified sulcus bleeding
index (mSBI), probing depth (PD) and clinical attachment level (CAL)) 6
months after treatment in both groups (p = 0.001). The mSBI decreased
by 2.32 + 0.80 points in group 2, whereas this decrease was 0.50 + 0.68

points for group 1. The decrease in PD was 1.20 + 1.24 mm and 4.26
+ 1.59 mm in groups 1 and 2, respectively. In addition, a 4.36 + 1.92
mm increase in CAL was observed in the group treated with SMV versus
1.63 £ 1.99 mm in the placebo group. The intrabony defect showed a
significantly greater decrease in size (p < 0.001) in the SMV group (1.41 £
0.74 mm or 32.54%) compared to the placebo group (0.09 + 0.58 mm or
2.16%). Moreover, it was established that the SMV concentration in GCF
reached it maximum level 2 hours after application (11.43 £ 0.027 pg/
ml), but SMV remained for 30 days after application (0.22 + 0.19 ug/ml)®.

Rath et al.?" analyzed the effect of subgingivally delivered 1.2% SMV
in a group of generally healthy patients with chronic periodontitis®. After
SRP, the patients were divided into 2 treatment groups: 30 patients were
allocated into the placebo group, and 30 were treated with 0.1 ml SMV
gel at a concentration of 1.2% (1.2 mg/0.1 ml). The clinical periodontal
parameters were recorded at baseline (before SRP) and at 60, 90 and
180 days. The assessment of the intrabony defects was performed
radiographically at baseline and at 180 days. In addition, IL-6 levels were
analyzed by RT-PCR using cells obtained from the gingival sulcus at
baseline and after 90 days (Table 1). The results are consistent with SMV
improving clinical and radiographic parameters. The mSBI decreased
significantly by 2.5 + 0.6 (p <0.05) 180 days after SMV treatment. The
probing depth was significantly reduced by 4 mm (p <0.05) in the SMV
treated group compared with the placebo group. However, no significant
difference was found in the CAL gain between the groups. The intrabony
defect showed a significantly greater improvement in the SMV group
at 180 days, decreasing by 0.57 mm (p < 0.02). In addition, the results
showed a significant decrease in IL-6 levels 90 days after drug application
(p =0.0001)@".

Pradeep et al.?? evaluated the efficacy of subgingivally delivered 1.2%
ATV gel as an adjunct to SRP for the treatment of intrabony defects (Table
1). The mSBI showed a significant reduction (p <0.05) in the group treated
with ATV at 3, 6 and 9 months. Furthermore, the results indicated that
ATV significantly decreased the PD and improved the CAL gain at 3, 6
and 9 months (p <0.001). The intrabony defect decreased significantly (p
<0.001) at both 6 and 9 months in the ATV group (1.60 £ 0.24 mm at 6
months; 1.70£0.24 mm at 9 months) compared to the placebo group (0.13
+0.25 mm at 6 months; 0.08 £ 0.26 mm at 9 months). In addition, the sites
treated with ATV showed a significant vertical radiographic bone defect fill
after 6 and 9 months (34.05 + 5.79% and 35.49 + 5.50%, respectively, p
<0.001). In this study, the bone fill was slightly greater than that obtained
previously by Pradeep et al. (32.54% at 6 months)®. Therefore, ATV was
slightly more effective than SMV©2,

The clinical and radiographic (bone fill) effect of locally delivered 1.2%
SMV as an adjunct to SRP for treating grade Il vestibular furcation defects
in mandibular molars was studied by Pradeep et al.?® In addition to the
conventional clinical measurements, the relative vertical attachment level
(RVAL) was considered, which was determined by measuring between
the LAC and the base of the periodontal pocket, as was the relative
horizontal attachment level (RHAL), which was calculated using a Nabers
probe. The radiographic evaluation of intrabony defects was performed
with a computer-aided program by measuring the distance between the
furcation fornix and the base of the defect (Table 1). A significant decrease
(p < 0.05) in bleeding on probing (BOP) was found in the SMV-treated
group at 6 months. The mean PD decrease at 6 months was 1.30 + 1.0
mm and 4.05 + 1.31 mm for the control and SMV groups, respectively (p
= 0.001). A significant increase (p = 0.001) in mean RVAL and RHAL in
the SMV group was observed. Furthermore, the mean percentage of the
bone fill in the SMV group was significantly higher (25.16%) than that in
the control group (1.54%) 6 months after treatment (p = 0.001).

Rosenberg et al.?® used a new method for locally delivering statins.
Specifically, a dentifrice medicated with 2 mg of ATV or a placebo dentifrice
was used to complement non-surgical periodontal treatment®. Twice-
daily teeth brushing for one month was prescribed to both groups (Table
1). The treatment efficacy was assessed by periodontal measurements
obtained at the beginning of the study and at 1 month post-therapy.
Significant clinical improvements were obtained in the total inflamed
periodontal area (p= 0.01), mean PD (p= 0.02), percentage of sites with
PD 25 mm (p= 0.002), mean CAL (p= 0.001), percentage of sites with
CAL 25 mm (p= 0.01), BOP (p < 0.001) and gingival index (p = 0.03) in
the ATV group®.

Pradeep et al.?® analyzed the effect of RSV (Table 1). At 6 months after
treatment, the RSV-treated group showed a significant improvement (p =
0.000) in the mSBI, with a decrease in PD and a gain in CAL. Furthermore, a
larger decrease in the mean intrabony defect (p= 0.000) was observed®@.
Complementing this research, Pradeep et al.?®® compared the efficacy of
local delivery of 1.2 mg of ATV, RSV or placebo gels for the treatment of
intrabony defects in patients with chronic periodontitis. A re-application of
the gels was performed after 6 months to increase the bioavailability of
the drug at the site. The mean reductions in the mSBI and PD, the gain in
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Table 1. Methodology of studies regarding locally delivered statins in humans.

Author N R el Inclusion Exclusion Clinical variables Radlo_graphlc
Patients Dose form variables
mSBI Bone fill (standardized
Generally healthy ) digital radiograph
Generalized chronic Plague index (PI) with individuall
Only one \odontitis PD > 5 Allergy to SMV. PD tomized bit bly K
subgingival periodontitis - Systemic treatment with CAL customized bite blocks
e - mm and radiographic ; and a parallel-angle
60 SMV injection with evidence of vertical statins. Recorded at the technique). Intrabony
Rath et al. 25.45 1.2 mg/0.1 ml a syringe bone loss of 3 mm in Aggressive periodontitis. | baseline (before the defects rﬁeasured
(2012)@" in methylcellulose | with a blunt . Smoking. SRP) and at 60, 90 )
years at least 1 site.. . e by software (vertical
gel cannula Capacity to maintain History of antibiotic or and 180 days. distance between the
(one site per tp Iy | hvai periodontal therapy in IL-6-mRNA was lveolar b t and
subject) optimal oral hygiene the last 6 months. analyzed at the alveolar bone crest an
after the initial baseline and at 90 the base of the defect)
treatment phase. davs by PCR at baseline and at 180
s by days
Bone fill
(standardized
Periodontal or digital radiograph
Only one antibiotic treatment with individually
subgingival Generally health in the last 6 months. mSBI and PI for customized bite
ATV 1.2 injection Severeychronicy' Allergy to ATV/statins. |  full mouth and | blocks and a parallel-
Pradeep 60 ma/o.1 rﬁl in with a eriodontitis: PD > Therapy with systemic | specific sites. PD. angle technique).
etal. 30-50 met% I-cellulose syringe 5p mm and CAL >:'. statins. Aggressive CAL. Recorded at Intrabony defects
(2012)@ years y ol with a blunt mm. Vertical bo;e periodontitis, smoking, | baseline (before the measured by
9 cannula Iéss >3 mm alcoholism,DM, SRP)and at 3, 6 software (vertical
(one site - immunosuppression, and 9 months. distance between the
per subject) pregnancy or alveolar bone crest
breastfeeding. and the base of the
defect) at baseline
and 6 and 9 months
Periodontal or
antibiotic treatment Bone fill
. in the last 6 months. ;
Chronic K : SBI. Pl for full (standardized
eriodontitis and nown systemic mobl. oriufl digital radiograph
P ’ disease. Allergy mouth and specific A
grade Il vestibular SMV. Th ite bef h with individually
Only one furcation defects to >MV. 1herapy site before t e customized bite
L in fi d d with systemic SRP. PD. Relative block d llel
SMV 1.2 injection at | -in first and secon statins. Aggressive vertical attachment 0ocks and a para‘iel-
Pradeep 66 i furcation vital mandibular . - 199 ; angle technique)
etal 30-50 mg/0.1 ml in sites with molars, with periodontitis, smoking, level (RVAL) and Intrabon defecté
(2012)'(23) ears methylcellulose a syringe radiolucer;t image alcoholism. DM, relative horizontal measuyred b
y gel A Syring : g immunosuppression, attachment level d by
with a blunt in the zone of ) software (distance
cannula the furcation in pregnancy or (RHAL). Considered between the furcation
o breastfeeding. at baseline (after ;
the periapical Pi ith he SRP) and at 3 fornix and the base
radiograph. PD of | . Fieces with the SRP) and at of the defect) at
: gingival recession, and 6 months. ;
3 mm. ) baseline and at 6
endodontically treated, months
grade lll furcation and ’
grade 2 mobility
Author N Patients lype gzgtt:tlnsl D:::;r:]ry Inclusion Exclusion Clinical variables
Inability to comply with the
study protocol. Therapy with
antl_b_lotlcs or non-ster0|d_al PISA (at baseline). Mean
anti-inflammatory drugs in PD. P ¢  sit
the last 2 months. Use of '.th Sge? ggtleg sies
30 to 60 years of age. At calcium channel blockers, Pe:g:entageoof sit(;s vrszm.PD
" phenytoin, cyclosporine or
least 14 teeth (excluding any associated drug that of 3 to 4 mm. Percentage
third molars). Chronic mi)éht affect the ginggival of sites with PD 25 mm.
Rosenberg 36 30-58 2 mg of ATV vylth Six syringes perloc_lontl’_us (Page & Eke tissue. Periodontal treatment I\_/Ieap CAL_. Percentage
et al. (2015) ears 0.1 ml of fluoride of 5 ml for classification). Controlled during the last 12 months with sites with CAL of 0 to
(24 Y dentifrice. one month diabetes (confirmed by Autoingmune disorders (sel'f- 2 mm. Percentage of sites
laboratory tests and with CAL of 3 to 4 mm.
. - ] reported). Uncontrolled or - .
consultation with treating oorly controlled diabetes Percentage of sites with
physician). poorly co :°S- | CAL =5 mm. BOP. Gingival
Systemic treatment with index. Oral hvaiene index
statins. Patients who required th ’ i yé] th
antibiotic prophylaxis prior atbase :,?e etll: one mon
to the periodontal treatment aiter tnerapy.
or NSAIDs for the pain after
periodontal treatment.
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Table 1. Methodology of studies regarding locally delivered statins in humans.

Exclusion

Clinical variables

Radiographic
variables

Treatment with systemic
statins. Known or
suspected allergy to the
RSV group. Another
type of periodontitis.
Smoking, alcoholism, or
immunosuppression. Poor
general health. Pregnancy
or breastfeeding

mSBI. Pl for full
mouth and specific

site. PD. CAL.
Metrics recorded at
baseline (before the
SRP)and at 1, 3,4

and 6 months.

Vertical distance
from the alveolar
bone crest to
the base of the
defect at baseline
and at 6 months
(digital X-rays)

. Type of . .
Author N Patients Statins/Dose Delivery form Inclusion
Generally
healthy. Moderate
irfj)gclt}tlig:?n periodontitis (PD of
1.2 mg/0.1 periodontal 45;)066":“[:;’ Sérlﬁg;
Pradeep et 65 25-55 ml RSV in pocket with a )
al (2015)@) years methylcellulose | syringe with a bone loss = 3 mm. At
ol blunt cannula least 20 teeth without
gel. (one site per periodontal treatment
sub'ectF)) in the last 6 months.
) Without antibiotic
therapy.
Only one Chronic periodontitis.
injection of PD =5 mm. CAL
A1.|'.%/r2?1°f2 ATV or RSV = 3 mm. Angular
Pradeep et . in periodontal bone loss = 3 mm.
90 25-45 mg of RSV - c
al. (2016) ears in 0.1 ml in pocket with a (periapical X-rays)
@8 y methyicellulose syringe with a Generally healthy.
ol blunt cannula Without antibiotic or
gel. (one site per | periodontal treatment
subject) in the last 6 months.

Aggressive periodontitis.
History of allergy to
statins. Therapy with
statins. Systemic
condition or drugs
that change the
periodontal status.
Immunosuppression,
pregnancy or
breastfeeding. Substance/
tobacco abuse.

PI for full mouth.
mSBI. PD. CAL.
Recorded at baseline
and 6 and 9 months
post-op.

Vertical distance
from the alveolar
bone crest to the
base of the defect
at baseline and at
6 and 9 months
(digital X-rays)

the CAL, and the reduction in the intrabony defect depth were significantly
higher in the statin group than in the placebo gel group (p < 0.001). At the
same time, RSV treatment showed a larger beneficial effect than ATV at
6 and 9 months®@. Table 2 shows a comparative analysis of the different

clinical and radiographic periodontal parameters based on the use of the
three types of statins that were topically delivered at the periodontal level.

Another important point is to determine the efficacy of the local delivery
of SMV in patients with additional risk factors for periodontal disease,

Table 2. Comparison of the PD, mSBI and intrabony defect decreases, as well as CAL gain, due to local delivery of SMV, ATV and RSV.

Author Statin Evaluation mSBI PD CAL Intrabony defect
Pradeep & Thorat o 4 months 2.35 4.23 mm 3.96 mm NE
(2010)® 1.2% SMV once 6 months 2.32 4.26 mm 4.36 mm 1.4 mm
Rath et al. 1.2% SMV 3 months 2.5 3.1 mm NS NE
(2012)@9 once 6 months 2.5 4 mm 0.57 mm
o 3 months 1.37 2.2 mm 2.7 mm NE
Pr?;gfzp) et al. 1.2% ATV 6 months 1.65 3.4 mm 4.2 mm 1.6 mm
9 months 1.63 3.7 mm 4.5 mm 1.7 mm
Pradeep et al. 1.2% SMV 3 months 18 3.06 mm &z mm NE
3) .
(2012) once 6 months 2.02 4.05 mm (RVAL) 1.15 mm
1 month 2.21 3.14 mm 2.31 mm NE
Pradeep et al. 1.2% RSV 3 months 3.02 3.31 mm 2.92 mm NE
(2015)@ once 4 months 3.47 3.68 mm 3.61 mm NE
6 months 3.71 4.04 mm 4.2 mm 2.23 mm
1.2% ATV 6 months 1.84 2.33 mm 2.33 mm 2.29 mm
Pradeep et al. once 9 months 0.33 1.03 mm 1.0 mm 1.03 mm
(2016)@ RSV 1.2% 6 months 2.05 3.03 mm 2.88 mm 2.83 mm
once 9 months 0.34 1.55 mm 1.40 mm 1.48 mm

such as diabetes or smoking.

Pradeep et al.?”) recruited 38 patients with ages between 30 and 50
years with a diagnosis of type 2 diabetes and chronic periodontitis. After
performing SRP, 1.2% SMV or a placebo gel was subgingivally delivered to
multiple posterior sites. The group treated with SMV showed a significantly
greater decrease in mSBI (p < 0.05) and PD compared to the placebo
group, as well a significant CAL gain (p <0.001). At 6 and 9 months, the
intrabony defect was significantly smaller (p <0.001) in the SMV group
(1.38 £ 0.73 mm and 1.62 + 0.71 mm, respectively) compared to the non-
treated group (0.19 + 0.37 mm and 0.23 = 0.49 mm, respectively), and a
significant increase in the bone fill was observed in the SMV group (27.63 +
13.14% and 32.64 + 12.90%, respectively) compared to the placebo group
(3.40 £ 8.14% and 4.22 + 9.75%, respectively) (p <0.001) (Table 3)?7.

The effect of SMV local delivery in 40 smokers aged between 30 and
40 years was evaluated by Rao et al.?® similarly to previous studies (Table
3). A significant decrease of mSBI and PD was found in the SMV treated

group at 3, 6 and 9 months after the drug delivery. In addition, a significant
gain in the CAL (p <0.001) was observed. At 6 and 9 months, assessments
of the radiographic parameters in the SMV treated group revealed that the
intrabony defect was significantly reduced (1.17 £ 0.45 mm and 1.51 £ 0.47
mm, respectively) and a significant vertical defect fill had occurred (24.90 +
8.98% and 32.37 + 10.23%, respectively) (p <0.001)®@®. Following the same
methodology, Kumari et al.® administered 1.2% ATV to 66 smokers (Table
3) and obtained a significant improvement in several clinical parameters,
such as mSBI, PD and CAL (p < 0.05). Furthermore, an intrabony defect
reduction of 1.44 + 0.41 mm and 1.53 + 0.40 mm was observed at 6
and 9 months, respectively, in the ATV group, while the placebo group
gained 0.14 + 0.09 mm and 0.15 + 0.13 mm, respectively (p < 0.001)®@.
Table 4 shows the results of statin delivery in patients with risk factors
for periodontal disease, showing that the improvement in clinical and
radiographic parameters is smaller than the improvement found in patients
without associated risk factors.
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Table 3. Methodology of studies about local delivery of statins in patients with risk factors for periodontitis.

Author N Patients Sta-lt-)i,rfselgcfase Delivery form Inclusion Exclusion Clinical variables Ra\:::)ig;lsglc
Bone fill
Periodontal or antibiotic (standardized
treatment within the last digital radiograph
Only one 6 months. Ex-smokers with individually
subgingival Gsegsgargycnfggigy. and non-smokers. mSBlI, PI for customized bite
1.2 ma/0.1 injection with a eriodontitis: PD = 5 Known systemic full mouth and blocks and a parallel-
Rao et al 40 30-50 nﬂ SIV?V i'n syringe with a nl:m CAL > 4.mm ;nd disease. Allergy to the specific site, angle technique).
; blunt cannula. - - SMV group. Therapy PD, and CAL at Intrabony defects
(28)
(2013) years methylc:lllulose Multiple sites ;er:ﬁalstﬁglfir!os(sﬂz) with systemic statins. baseline (before measured by
9 per subject oi aréttes/da ?or at Aggressive periodontitis. | the SRP) and at 3, software (distance
(posterior gleast 5 egrs) Users of tobacco in 6 and 9 months. between the alveolar
pieces) y any form other than bone crest and the
cigarettes, alcoholism, base of the defect) at
or immunosuppression baseline and at 6 and
9 months.
Periodontal or antibiotic
treatment in the last
Bone fill
56 222::?&:2222’: (standardized
AIIerZ]y to SMV. Therépy digital radiograph
Only one Well led t ith .' tati with individually
subgingival zed.ccénttro eD'\Xpe HW' slys.(tjemllc s atlns.d mSBlI, PI for customized bite
1.2 mgl0.1 injection with a Chror:iac zeerisogont)iiis fofger:%lﬂ?,;?ﬁﬁcng& full mouth and blocks and a parallel
Pradeep et | 38 30-50 miSMvin | Syringewitha | "o’y i 'CAL> | Aggressive periodontitis, | SPecific site, angle technique).
al. (201??)‘27) years methylcellulose blunt cannula. 4'mm and \‘/ertical_ gs?noking e?lcoholism "| PD,and CAL at Intrabony defects
’ gel Multiple sites bone loss = 3 mm immunos‘uppression’ baseline (before measured by
per subject L y X ’ the SRP) and at 3, software (vertical
(posterior Mlnlm_um of 20 teeth pregnancy, or 6 and 9 months distance between the
ieces) in mouth breastfeeding. Pieces alveolar bone crest
P with gingival recession, and the base of the
furcatlc_)n defects, defect) at baseline
endodontically treated, and at 6 months
or presence of third
molars.
. . - Ex-smokers and
Chronic periodontitis. non-smokers. Users
PD =5 mm. CAL f tob -
=4 mm. Vertical of tobacco in any way
Only one bone loss = 3 mm other than cigarettes. Pl for full mouth Vertical distance
injection in e ' Known systemic PI for specific
1.2 mg/0.1 periodontal (Periapical X-ray) disease. Known or site. mSBI. PD between the alveolar
. : o . Generally healthy, § . . bone crest and the
Kumari et 66 30-50 ml ATV in pocket with a without antibiotic suspected allergy to CAL. Recorded at base of the defect
al.(2016)@ years methylcellulose | syringe with a th iodontal ATV. Treatment with baseline and after t baseli daté
el blunt cannula erapy or perioconta systemic statins. 3,6and 9 months | 2t Paselne anc at
9 : treatment in the last 6 . . s ’ : and 9 months (digital
(one site per months. Smoking (10 Aggressive periodontitis, postoperative X-rays)
subject) : . 9 alcoholism, period. Y
cigarettes per day for immunosubpression
a minimum period of pp ’
5 years). pregnancy, or
breastfeeding.

Table 4. Comparison of the PD, mSBI and intrabony defect decreases, as well as the CAL gain, due to local delivery of SMV, ATV and RSV in smokers

and diabetic patients.

Author Statin Evaluation mSBI PD CAL Intrabony defect

3 months 1.43 2.79 mm 2.48 mm NE
Pf?g&eg)g;a’- 1.2% SMV once 6 months 173 3.79 mm 3.83 mm 138 mm
9 months 1.66 4.03 mm 3.97 mm 1.62 mm

3 months 0.93 2.30 mm 2.13 mm NE
Rao et al. (2013)@) 1.2% SMV once 6 months 1.18 3.37 mm 3.20 mm 1.17 mm
9 months 0.88 3.83 mm 3.63 mm 1.51 mm

) 3 months 1.14 1.54 mm 2.27 mm NE
Kumari et al. (2016) | 4 59, ATV once 6 months 116 2.66 mm 3.61 mm 144 mm
9 months 1.12 3.84 mm 4.06 mm 1.53 mm

DISCUSSION

Because statins have anti-inflammatory and immunomodulatory effects, as
well as the ability to promote bone formation, they could be useful adjuvants to

conventional periodontal therapy.

Initially, studies that tested statins in this context used two types (SMV and
ATV), at a concentration of 1.2%, with the results demonstrating that both statins

improve the clinical parameters of bleeding on probing, probing depth and loss

of clinical attachment®222327.28 However, Rath et al.?" did not find significant
differences in CAL gain®. Previous studies also demonstrated greater bone fill
in regions with periodontitis or furcation defects. The delivery of ATV proved to be
slightly more effective than SMV regarding bone fill increases. ATV is a lipophilic
statin that appears to have a more potent bone-sparing effect than hydrophilic
statins, such as pravastatin@. Alternatively, Rath et al.?" demonstrated that
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locally delivered SMV significantly reduced IL-6 levels in the sulcus epithelium®".
Moreover, it was found that the concentration of SMV in the GCF peaks 2 hours
after application, although the drug is present for 30 days®.

Continuing with their research, Pradeep et al. used a new type of statin,
RSV, demonstrating positive clinical and radiographic effects on periodontal
tissues; notably, these effects were significantly greater than those of ATV®).
This superiority could be explained by a greater anti-inflammatory action of
RSV. Specifically, this drug inhibits endothelial cell synthesis of P-selectin. which
is produced in response to pro-inflammatory cytokines, such as IL-6?%%9, The
lack of sustainability in the release of these agents over long periods of time
was addressed by Pradeep et al.?®), who performed re-delivery at 6 months
and observed even greater clinical benefits®. However, Rosenberg et al.
proposed a novel delivery system through a medicated dentifrice with 2% ATV.
This technique could provide significant benefits given its advantages of easy
application and low cost, which would facilitate access to these treatments for
much of the population. This system might be used not only as a complement
to periodontal therapy but also for the prevention and maintenance of this
therapy@.

The advantages of local drug delivery are obtaining high concentrations at
the target site with a lower dose, requiring fewer applications, and achieving
high patient acceptability. Compared to systemic regimens, local delivery can
offer important benefits in terms of adverse effects and patient adherence®?.
To achieve therapeutic effects, topically delivered drugs must have the ability to
cross biological membranes. The polarities of the drugs determine their ability
to access receptor sites. In this regard, lipophilic statins, such as SMV and ATV,
have a greater ability to cross cell membranes by passive diffusion and thereby
reach their target®). In contrast, hydrophilic statins, such as RSV, require
specific transporters to enter cells®).

The vehicles used for local delivery of drugs should be biocompatible,
have predictable biodegradation kinetics and be easy to fabricate®?. Local
drug delivery using a gel allows simple, rapid and generalized application to
all affected areas. Moreover, local delivery techniques should provide long
bioavailability at sufficient minimum inhibitory concentrations for several days®®.

Lastly, this review described three randomized controlled clinical trials

that studied the effect of locally delivered statins on patients with risk factors
for periodontal disease. Smoking is the most significant modifiable risk factor,
affecting the prevalence and progression of periodontal disease in a dose-
dependent manner®). Poorly controlled diabetes mellitus (type | and type
II) is the most influential risk factor for the development and progression
of periodontitis®. The results obtained in studies with patients with type Il
diabetes and smoking show that treatment with 1.2% SMV or ATV produces
an improvement in the clinical and radiographic periodontal parameters. These
results demonstrate the anti-inflammatory effects of these statins and their role
in bone formation. However, when comparing these results with the those of the
first study conducted by Pradeep et al.,® the effects were less pronounced than
those obtained in patients with only chronic periodontitis (i.e., without other risk
factors). These differences can be explained by the effect of such risk factors on
periodontal disease (Tables 2 and 4).

CONCLUSION

Analysis of the available scientific evidence demonstrates that statin
administration may represent a new approach and a valuable tool as an adjunct
to periodontal therapy. Local delivery proved to be ideal given that it provides high
concentrations at the target site and decreases the disadvantages of systemic
delivery, such as adverse reactions and low patient compliance. Moreover,
with local delivery, effective concentrations are maintained up to 30 days after
application. We consider topically delivered statins as an adjunct treatment for
the prevention of periodontal disease in high-risk patients. Such a treatment
strategy enhances the resolution of periodontitis, reverses the associated
defects, and represents a form of periodontal maintenance. However, additional
appropriately designed studies are necessary to assess the potential benefits
of statins in periodontal therapy and to determine the ideal dose and vehicle for
delivery.
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