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Abstract 

The statin family of drugs are safe and effective therapeutic agents for the treatment of arteriosclerotic cardiovascu-
lar disease (CVD). Due to a wide range of health benefits in addition to their cholesterol lowering properties, statins 
have recently attracted significant attention as a new treatment strategy for several conditions, which are not directly 
related to normalizing a lipid profile and preventing CVD. Statins exert a variety of beneficial effects on different 
aspects of oral health, which includes their positive effects on bone metabolism, their anti-inflammatory and antioxi-
dant properties, and their potential effects on epithelization and wound healing. Additionally, they possess antimicro-
bial, antiviral, and fungicidal properties, which makes this class of drugs attractive to the field of periodontal diseases 
and oral and dental health. However, to the best of our knowledge, there has been no comprehensive study to date, 
which has investigated the effects of statin drugs on different aspects of dental and oral health. Therefore, the primary 
objective of this paper was to review the effect of statins on dental and oral health. Results of our extensive review 
have indicated that statins possess remarkable and promising effects on several aspects of dental and oral health 
including chronic periodontitis, alveolar bone loss due to either extraction or chronic periodontitis, osseointegration 
of implants, dental pulp cells, orthodontic tooth movement, and orthodontic relapse, tissue healing (wound/bone 
healing), salivary gland function, and finally, anti-cancer effects. Hence, statins can be considered as novel, safe, inex-
pensive, and widely-accessible therapeutic agents to improve different aspects of dental and oral health.
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Introduction
The burden of oral diseases such as dental caries, peri-
odontal diseases, tooth loss, lesions of the oral mucosa 
including those resulting from trauma, oropharyngeal 
cancers, and oral disease associated with human immu-
nodeficiency virus/acquired immunodeficiency syn-
drome (HIV/AIDS), is very high in both developing and 
developed countries and is considered a major pub-
lic health concern globally [1–3]. It has been recently 

reported that the total cost of treatment of dental dis-
eases was $544.41 billion worldwide in 2015 [4]. One 
of the most prevalent conditions is periodontal disease, 
which affects approximately 20–50% of the global popu-
lation [5]. Moreover, systemic diseases such as cardio-
vascular disease (CVD), diabetes, and adverse pregnancy 
outcomes are often associated with periodontal disease 
[5–9]. Therefore, incorporation of preventative strategies 
for oral diseases is crucial, particularly because reducing 
the incidence of oral and periodontal diseases can lead to 
a reduction in various systemic diseases. Considering the 
fact that general health and quality of life are profoundly 
affected by oral health and the very high prevalence of 
oral and dental diseases, finding new, effective, and safe 
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therapeutic agents to increase oral health is definitely 
indispensable [5, 10–13].

The statin family of drugs represent safe and effective 
therapeutic agents to reduce cholesterol biosynthesis in 
the liver and reduction of the levels of low-density lipo-
protein cholesterol (LDL-C), which are causally associ-
ated with arteriosclerotic cardiovascular disease [14–20].

Beyond their potent lipid-lowering effect, which 
reduces both cardiovascular risk and mortality, it is 
reported that statins have several promising effects on 
human health. These pleiotropic effects include improved 
endothelial function, anti-inflammatory, antioxidant 
properties, immunomodulatory action, and anti-throm-
botic effects [21–29]. Recently, a growing body of evi-
dence suggest that statins might have promising effects 
on oral and dental health through different mechanisms 
(Fig.  1). For example, it has been well-documented that 
statins exert anabolic effects on bone metabolism in dif-
ferent ways. Statins stimulate differentiation of osteo-
blastic bone marrow stem cells by increasing the gene 

expression of bone morphogenic protein-2 (BMP-2). 
They also increase bone formation by inhibiting the 
apoptosis of osteoblasts [30]. Bone is constantly under-
going remodeling, and it is known that statins inhibit 
osteoclastic bone activity during high bone turnover, 
which inhibits bone resorption [24, 31]. Moreover, Sta-
tin drugs also inhibit enzymes involved with the degra-
dation of tissue [i.e., matrix metalloproteinases (MMPs)] 
and improve epithelization and wound healing [24, 32, 
33]. Statins also exert an effect on dentin and pulp regen-
eration [34–36]. As it pertains to various oral cancers, 
statins can also inhibit the growth, invasion, metastasis, 
cellular proliferation and differentiation, and cell cycle 
regulation of tumor cells [37, 38].

Antimicrobial, antiviral, and fungicidal proper-
ties are some of the other therapeutic benefits of 
statins [39, 40]. The antibacterial effects of statins 
against certain microorganisms, including periodon-
tal pathogens, have been reported [41, 42]. Therefore, 
the antimicrobial effects of statins, as well as their 

Fig. 1 Schematic summary of pathways of the effect of Statins on different aspects of Oral and Dental health and its potential related mechanisms



Page 3 of 42Tahamtan et al. J Transl Med          (2020) 18:155  

anti-inflammatory, immunomodulatory, anticancer, 
wound healing and bone-forming properties have jus-
tified their relevance in periodontology for both the 
prevention of alveolar bone loss and in periodontal 
therapy as an adjunct to scaling and root planing (SRP) 
[43, 44]. Furthermore, modulation of bone formation 
and inflammation by statins can affect orthodontic 
tooth movement (OTM) and orthodontic relapse [45, 
46]. Bone modulation properties of Statins also had 
promising effects on osseointegration of implants in 
animal studies [47].

Considering the potential beneficial effects of statins 
on oral diseases, to the best of the authors’ knowl-
edge, there is no conclusive study that summarizes the 
aforementioned findings of previous studies regarding 
the association between statins and various aspects of 
oral health. Thus, the primary objective of this review 
was to evaluate recent pre-clinical and clinical studies 
investigating the effect of statins on different aspects 
of dental and oral health. Secondary objectives associ-
ated with this review were to report the drug delivery 
strategies used for statins and the drug concentrations 
employed.

Materials and methods
The reporting of this narrative review has been con-
ducted in accordance with the PRISMA guidelines. 
A systematic electronic search of the Web of Science, 
Medline, SCOPUS and Google Scholar databases were 
using the following search terms in titles and abstracts: 
Periodontitis OR periodontal disease OR alveolar bone 
loss OR periodontal attachment loss OR periodon-
tal pocket OR oral health OR oral diseases OR dental 
diseases OR oral cancer AND simvastatin OR statin 
OR rosuvastatin OR atorvastatin OR cerivastatin OR 
mevastatin OR lovastatin OR pravastatin OR Fluvas-
tatin OR pitavastatin OR Hydroxymethylglutaryl-CoA 
Reductase Inhibitors. The literature was searched from 
January 1990 to March 2019 and only articles published 
in English were included. After the initial electronic 
search and a careful independent screening of the titles 
and abstracts by two researchers (FS and MB), a total 
of 69 papers were considered for possible inclusion. 
Retrieval of the 69 abstracts led to 68 full-text articles 
being selected. From these 69 studies, 20 studies were 
excluded because they were molecular in vitro studies. 
Studies were included if they were conducted on ani-
mal or human subjects. The methods used to ascertain 
the effectiveness of statins are presented for each study 
in the tables contained in this review. Only results that 
reached statistical significance have been reported (i.e., 
p < 0.05).

Results
The effect of statins on chronic periodontitis
The effectiveness of statins on chronic periodontitis has 
been reported in 6 systematic reviews and meta-analysis 
studies (Table 1). Three studies evaluated both local and 
systemic use of statins [32, 44, 48], while in three other 
studies, only local delivery of statins was investigated [43, 
49, 50].

Statins as an adjunct to non‑surgical periodontal treatment
All six studies evaluated the effect of statins as an adjunct 
to non-surgical periodontal treatment [scaling and root 
planing therapy (SRP)].

All of the studies showed that SRP + statin treatment 
resulted in a statistically significant improvement in peri-
odontal parameters such as an increase in clinical attach-
ment level (CAL), a reduction in the probing pocket 
depth (PD), a lower sulcus bleeding index, and a reduc-
tion in the intrabony defect depth [32, 43, 44, 48–50].

One of the studies reported that local, but not systemic 
statin use, caused a significantly greater gain in the clini-
cal attachment level, less residual probing pocket depth 
(PD), radiographic defect depth (RDD), and reduction in 
the bleeding index [32].

Two studies revealed that the type of statin used 
was associated with periodontal outcomes. One study 
reported rosuvastatin as the most effective [32], while 
another study reported statistically significant effects 
with atorvastatin [44].

Statins as an adjunct to surgical periodontal treatment
Two studies evaluated the effectiveness of statins as 
an adjunct therapy to surgical treatment. These stud-
ies reported that the use of statins together with surgi-
cal treatment of intrabony defects resulted in significant 
improvement in clinical parameters such as residual PD 
and gain in CAL (Table 2) [32, 44].

The results of the present review show that, in gen-
eral, statin treatment produces a positive effect on vari-
ous parameters of periodontal tissue. These findings are 
supported by positive clinical results after the local appli-
cation of statins during nonsurgical and surgical peri-
odontal procedures. The rationale supporting the use of 
statins in treating periodontal disease is based on their 
antimicrobial [41, 51], anti-inflammatory [52–55], and 
bone-promoting properties [24, 56–58]. In particular, 
statins have been shown to exert antimicrobial effects 
against A. actinomycetemcomitans and Porphyromonas 
gingivalis. Both bacteria are implicated in the pathogen-
esis of periodontitis [41, 51]. Furthermore, statins inhibit 
enzymes involved with the degradation of tissue (e.g., 
matrix metalloproteinases) and exert a proliferative effect 
on mesenchymal stromal cells and endothelial progenitor 
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cells [51, 59–61]. Statins also enhance osteoblastic dif-
ferentiation and viability [62, 63], increase the expres-
sion of bone morphogenetic protein, as well as vascular 
endothelial growth factors, and, finally, interfere with 
bone resorption and the process of osteoclastogenesis 
[64, 65]. Due to the large variation caused by different 
species, defect types, evaluation methods, and reporting 
in these studies that utilized acute/chronified periodon-
tal defect (ACP) models, no meta-regression was possible 
with these studies. Furthermore, none of the preclinical 
in  vivo periodontitis models are able to reproduce the 
identical conditions to naturally-occurring periodonti-
tis in humans. Not all available statins have been evalu-
ated to date and, therefore, further research is needed to 
identify the maximum effective concentration/dose and 
optimal drug formulation to exploit the potential syner-
gistic effect of statins when combined with other thera-
peutic agents/procedures used in treating various dental 
diseases.

Collectively, adjunctive use of statins appears to be 
effective in reducing pocket depth, clinical attachment 
gains, and bone defect fill in chronic periodontitis, so 
statins may potentially be promising therapeutic agents 
for periodontal regeneration.

Effects of statins on alveolar bone loss due 
to either extraction or chronic periodontitis
Thirteen studies investigated the effectiveness of statins 
on alveolar bone. Five studies evaluated alveolar bone 
loss following tooth extractions [66–70], while other 
studies were designed to investigate inflammatory perio-
dontitis-mediated alveolar bone loss [71–78].

The effect of statins on alveolar socket preservation 
following extractions: animal studies
Three animal studies investigated the effect of statins on 
alveolar bone resorption following tooth extractions. In 
two studies, a statin was applied locally with poly-lactic-
co-glycolic acid (PLGA) [69, 70], while in the third study, 
it was delivered with hydroxyapatite (HA) or carbonate 
apatite (CO) [67].

Studies in which a statin was incorporated into PLGA 
and subsequently applied into the socket following 
tooth extraction have reported significantly larger alveo-
lar ridge height and apparent bone deposition line after 
12 weeks when compared to the same clinical parameter 
in the control group. [69, 70].

In the third study, Micro-computed tomography 
(micro-CT) and histological analyses revealed the great-
est bone mineral density and the highest bone volume, 
trabecular thickness, and trabecular separation in the 
carbonate apatite (CO) + statin group compared to the 
other groups (CO, HA, and HA + statin). [67]. These 

three animal studies showed that statins reduced alveolar 
bone resorption following tooth extractions.

The effect of statins on alveolar socket preservation 
following extractions: randomized clinical studies
Two randomized clinical trials were designed to investi-
gate the effectiveness of statins to prevent alveolar bone 
resorption that can arise following a tooth extraction.

One of these trials reported a higher percentage of 
vital, amorphous and trabecular bone in the simvastatin 
group after 2 months, though it should be noted that the 
differences were not statistically significant [68].

In the second trial, the healing of third molar post-
extraction sockets were evaluated clinically and radio-
graphically after utilizing different ridge preservation 
techniques. Cone beam computed tomography (CBCT) 
evaluations revealed that PLGA/HA/statin and PLGA/
HA groups failed to form bone after 3 months, although 
the biomaterial with simvastatin proved to be superior 
to the scaffold (biomaterial) without simvastatin and the 
former group had less clinical complications than the lat-
ter group [66].

These two studies failed to show beneficial effects of 
statins on alveolar socket preservation. Further rand-
omized clinical trials are needed to evaluate the effect of 
Statins on socket preservation considering the limitations 
of these two trials.

Tooth extraction is an acute and brief periodontal 
trauma but with progressive alveolar bone resorption 
during the first weeks following the extraction. As the 
alveolar bone is easily accessible during the extraction 
procedure, local application of statins in the sockets 
would seem to represent an ideal adjunctive strategy to 
limit resorption of the alveolar ridge [79]. In three animal 
studies, the local administration of statins demonstrated 
a significant reduction in the resorption of alveolar bone 
following tooth extraction. Direct local administration 
of a statin has been investigated and shown to result in 
enhanced periodontal bioavailability of the statin due to 
avoidance of the hepatic first-pass effect. Of note, a one-
time local administration can be achieved using a suitable 
carrier (e.g., a PLGA or gelatin hydrogel) to provide slow 
and controlled release of the statin. The in  vitro release 
kinetics of simvastatin from either a simvastatin-PLGA 
scaffold, or other simvastatin-hydrogel formulations, 
such as those employing gelatin, has been demonstrated 
to be gradual and constant (zero-order kinetic) [69, 70, 
78].
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Effect of statins on inflammatory alveolar bone loss caused 
by periodontitis: animal studies
Six animal studies in rodents using different periodontitis 
models investigated the effectiveness of statins on inflam-
matory bone loss. Both systemic and local administration 
of statins was evaluated.

In one of these studies, the effect of fluvastatin on P. 
gingivalis lipopolysaccharide (LPS)-induced alveolar 
bone loss was examined in rats. It was shown that the 
administration of fluvastatin in mice reduced alveolar 
bone erosion and P. gingivalis LPS-induced osteoclas-
togenesis [76].

In a different animal study, the anti-resorptive effects 
of atorvastatin (ATV) on experimental alveolar bone 
loss (ABL) was evaluated in Wistar rats. In this study, the 
administration of ATV at a dose of 27 mg/kg prevented 
ABL, cemental resorption, and infiltration of inflamma-
tory cells induced by the ligature. [73].

In another animal study, it was reported that admin-
istration of a lower dose combination of alendronate 
(ALD) and ATV (0.01  mg/kg + 0.3  mg/kg, respectively) 
reduced periodontal inflammation, ABL and secretion 
of matrix metalloproteinases (MMP-1, MMP-2, MMP-
3, and MMP-9) in ligature-induced periodontitis in rats 
[74].

The effect of simvastatin on bone metabolism was also 
evaluated in an animal study. These investigators evalu-
ated the effects of simvastatin on ligature-induced peri-
odontitis in rats. Microcomputed tomography images 
revealed that simvastatin treatment reversed the ligature-
induced alveolar bone resorption and produced a 46% 
increase in bone height. These findings demonstrated 
that simvastatin had the potential to stimulate the func-
tion of osteoblasts and further suggested that topical 
administration of simvastatin might be an effective strat-
egy to recover alveolar bone loss in rats [77].

An animal study was also conducted to evaluate the 
efficient delivery of a simvastatin solution directly to 
bone defects. These investigators evaluated the release 
of water-insoluble simvastatin using a hydrogel, which 
incorporated or contained statin-micelles, in a rabbit 
model of tooth bone defect. It was shown that the bio-
degradable hydrogel comprised of gelatin was able to 
provide the sustained release of water-insoluble simv-
astatin. The hydrogel appeared to augment the simvas-
tatin-induced bone regeneration by virtue of providing 
biocompatible gelatin fragments and, therefore, it was 
suggested that the gelatin-based hydrogel may represent 
an effective vehicle/platform to deliver a wide range of 
water-insoluble drugs [78].

Finally, one article investigated the effect of simvasta-
tin on cyclosporine A-induced ABL, which is an impor-
tant negative side-effect of cyclosporine A. Overall, 

treatment with simvastatin as an anti-inflammatory 
agent improved cyclosporine A-associated ABL. In 
summary, this study showed that simvastatin therapy 
led to a reversal of cyclosporine A-induced bone loss, 
which is thought to be mediated by down-regulation of 
interleukin-1b and prostaglandin E2 production [75].

Animal studies have reported that local statin appli-
cation is effective in reducing the resorption of alveolar 
bone in experimentally-induced periodontitis [77, 80]. 
Significant reductions in periodontitis-induced alveo-
lar bone resorption has also been reported following 
oral statin administration [81–87]. However, it should 
be noted that in five animal studies, the oral dose of 
the statin used (simvastatin) was tenfold greater (10–
30 mg/kg/day) than the dose typically used to produce 
cholesterol-lowering in clinical practice (up to 1  mg/
kg/day) [81, 83–86]. No significant reduction in bone 
resorption was reported with a lower oral dose of sim-
vastatin (3  mg/kg/day), suggesting a dose-dependent 
effect with a minimum threshold dose [81]. In addition 
to oral administration of statins to reduce bone resorp-
tion, repeated transmucosal injection of a statin has 
been evaluated. The statin injection protocol involved 
transmucosal injections once or twice a week for 3 to 
10 weeks. The statin was injected in the absence of any 
carrier. Although this manner of statin administration 
to prevent bone resorption was effective in preclinical 
studies, this type of protocol for statin administration 
would obviously not be well-suited for actual clini-
cal practice. Thus, a single local application of a statin 
incorporated in a suitable biocompatible carrier has 
been investigated in five randomized clinical studies 
for the treatment of chronic periodontitis in addition 
to conventional scaling and root planing. In these tri-
als, significant improvement in clinical and radiologi-
cal parameters was reported in the experimental group 
of patients after 6 and 9  months of receiving the sta-
tin when compared with corresponding measurements 
for the control group. The concentration of simvastatin 
in the aforementioned clinical trials (1.2  µg/site with 
a carrier) [88–90] was far lower than the doses used 
in the animal studies (total doses of 1.5 mg and 4 mg) 
[77, 80]. The use of a carrier for the protracted and 
controlled local delivery of a statin may enhance the 
bioavailability of the statin in periodontal tissues and, 
therefore, allows for a much lower dose of the statin to 
be utilized.

This review has provided ample evidence/support for 
the local delivery of statins as a means to significantly 
reduce alveolar bone resorption following tooth extrac-
tion, as well as during periodontitis. The incorporation 
of a statin into a biodegradable carrier for the pro-
longed and controlled release of the drug after a single 
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application may represent a more convenient mode 
of drug delivery for clinical use, rather than repeated 
injections into periodontal tissues.

The effect of statins on osseointegration of implants
To the best of our knowledge and using our search cri-
teria described above, we uncovered six studies that had 
been designed to evaluate the effectiveness of the sta-
tin family of drugs on osseointegration of implants [32, 
91–95].

Effect of statins on osseointegration of implants: animal 
studies
Three recent systematic reviews, which summarized the 
histomorphometric outcomes of animal studies, inves-
tigated the capacity of topical and systemic statins to 
function as a pro-osteogenic agent to improve osseointe-
gration of dental implants. Results of all of the selected 
studies indicated that statins had a statistically significant 
increase on the formation of bone around the implants. 
Statin administration increased both bone formation and 
density, and also enhanced new bone formation (NBF) 
around implants and/or bone-to-implant contact. The 
majority of studies reported that statin administration 
enhanced NBF around implants in osteoporotic rats. 
However, one study showed that implant surfaces coated 
with a Statin actually impaired osseointegration [47, 91, 
92].

The effect of local application of fluvastatin on osteo-
genesis around titanium implants was also evaluated 
in two animal studies. Both studies showed that at 2 
and 4  weeks, however, the bone-implant contact (BIC) 
and MBV were both significantly higher in the group 
of rats that received the 75 microg dose of fluvastatin 
when compared to the non-fluvastatin-treated groups 
(p < 0.01). Furthermore, the data showed positive correla-
tion between the MBV and the push-in strength. These 
results demonstrate that locally applied fluvastatin is 
beneficial to bone adjacent to titanium implants and sug-
gests that that this finding may be partially explained by 
calcification of the peri-implant bone [94].

Another study examined the promotion of osteogene-
sis around titanium implants when rats were treated with 
simvastatin. Results showed that thicker bone trabeculae 
with a mesh-like structure was abundantly observed in 
the medullary canal in the experimental group. Addition-
ally, both the BCR and BD in the experimental group of 
rats were significantly greater than these same parame-
ters for rats in the control group [93].

Results from ~ 95% of studies show that local and 
systemic statin administration is effective in enhanc-
ing osseointegration and the formation of new bone 

around implants. These results would appear to be strong 
enough to conclude that osseointegration is enhanced 
by local and systemic administration of statins. How-
ever, there are a number of reasons it would be difficult 
to replicate these experimental results in a clinical set-
ting. First, a precise route of drug administration for sta-
tin in humans must be established. For example, in some 
studies, simvastatin was administered by intraperitoneal 
injections [95, 96], whereas, in other studies, statins were 
administered subcutaneously [97], orally [98], by intra-
osseous injection [99], or percutaneously [100]. Secondly, 
the dose and frequency of statin dosing varied between 
the studies. This reflects the fact that in a clinical situa-
tion, the route of administration, dosage, and frequency 
of statin dosing was not consistent in the studies included 
in this review, and this needs to be further clarified. It 
is notable that the there was a maximum 12-week fol-
low-up period in the experimental studies [93–101]. It 
remains unclear whether systemic or local administra-
tion of statins in patients receiving dental implants would 
increase BIC and contribute to the success and survival 
of dental implants for greater than 5 years.

Furthermore, it should also be mentioned that the sta-
tin doses used in the animal models were approximately 
tenfold greater than the daily human dose of a statin. 
Moreover, the route of drug administration was often 
percutaneous instead of by the oral route of drug admin-
istration used in humans. Further complicating factors 
include the fact that the tibia bone in rats is structurally 
different from human alveolar bone, the microbial flora 
in the human oral cavity is more complex than that of rat 
tibia, and no occlusal forces around the human implants 
can be reproduced in the rat tibia model. Finally, when 
compared to locally-delivered statins in the implant oste-
otomy site, the first-pass effect for orally administered 
statins renders approximately 10–20% of the drug avail-
able to the general circulation and, thus, might not exert 
a significant effect on bone remodeling around the dental 
implants.

Studies have shown that systemic diseases such as 
osteoporosis jeopardize osseointegration, which leads 
to a reduction in implant stability [102]. However, it is 
well-established that statins have a beneficial effect in 
the treatment of osteoporosis, which has been confirmed 
in  vivo and in clinical practice [31, 103]. However, con-
troversial results exist, which are associated with differ-
ent factors such as type of statin, route of administration, 
and dosage.

To sum up, local and systemic statin delivery seems to 
enhance osseointegration. However, further randomized 
clinical trials are needed to assess the role of statins in 
improving osseointegration around dental implants.
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The effect of statins on dental pulp cells
Seven studies evaluated the efficacy of statins on dental 
pulp cells [34–36, 53, 104–106]. Six studies were con-
ducted in humans.

Clinical studies
In a cohort study, 30 patients using statins during either 
nonsurgical root canal treatment, or retreatment, and 30 
patients who did not take statins were included and fol-
lowed for 2 to 5 years after treatment. At the completion 
of the study, a significantly higher healing of preoperative 
apical periodontitis (periapical index was used to deter-
mine healing) was observed in the patients who used 
statins for 2 years or more in comparison to the patients 
in the control group [104].

Uncovered in our review of the literature was also a 
retrospective case-controlled study that investigated the 
role of systemic administration of statins on odonto-
blastic differentiation of dental pulp stem cells. Digital 
bitewing radiographs of mandibular molars showed a sig-
nificant reduction in the height ratio of the pulp cham-
ber in the statin group when compared with the control 
group. The significant increase in calcification and the 
loss of vertical height of the pulp chamber observed in 
mandibular molars in patients taking statin medication 
would appear to suggest increased odontoblastic activity. 
Therefore, systemic statins may be a contributing factor 
for calcification of pulp chambers [36].

The combined effect of statin and alpha-tricalcium 
phosphate (alpha-TCP) on odontoblastic differentiation 
of human dental pulp cells (HDPCs) and its comparison 
with mineral trioxide aggregate (MTA) were investigated 
in one study. TCP-simvastatin and TCP-atorvastatin pro-
moted odontogenic differentiation in HDPCs as docu-
mented by the expression and activity of osteogenic/
odontogenic markers (i.e., DSPP, DMP 1, ALP, BMP-2, 
and OCN), as well as the formation of mineralized nod-
ules, which was comparable with the MTA group. The 
results suggested that alpha-TCP may be used for the 
local delivery of simvastatin as a pulp capping material 
to hasten the formation of reparative dentin. Moreover, 
as mentioned previously in this review, statins have been 
shown to exert anti-inflammatory effects, so this benefi-
cial property may also help to restore inflamed pulp tis-
sue [106].

In a different study, a randomized clinical trial evalu-
ated the efficacy of simvastatin at concentrations of 1, 
5, and 10  μM and compared to calcium hydroxide with 
regard to direct pulp capping of human primary molars. 
The results indicated that hard tissue formation and heal-
ing without inflammation occurred following the statin 
treatment, but at a lower rate than the calcium hydroxide 
[105].

Another study assessed the effect of simvastatin on 
tumor necrosis factor alpha (TNF-alpha)-induced syn-
thesis of Cyr61 and C–C motif chemokine ligand-2 
(CCL2) in MG-63 human osteoblasts. Cysteine-rich 61 
(Cyr61) and CCL2 are potential osteolytic mediators in 
inflammatory bone diseases. A Western blot analysis 
showed that TNF-alpha stimulated Cyr61 synthesis in 
MG-63 cells. However, the addition of simvastatin atten-
uated this effect in a dose-dependent fashion. Simvasta-
tin also reduced the levels of TNF-alpha–induced CCL2, 
although the inhibitory effects were restored by exog-
enous Cyr61. The administration of simvastatin markedly 
diminished the severity of experimentally-induced rat 
periapical lesions as determined using radiography and 
histopathology. There was also a decrease in the num-
bers of Cyr61-synthesizing osteoblasts and CD-68–posi-
tive macrophages. It has been suggested that simvastatin 
limits the progression of apical periodontitis, possibly by 
diminishing Cyr61 expression in osteoblasts and, sub-
sequently, by reducing macrophage chemotaxis into the 
lesions [53].

One study was designed to evaluate the application of 
poly (d, l-lactide-co-glycolide acid) (PLGA) nanopar-
ticles that contained lovastatin in direct pulp capping. 
The results showed less toxicity to cultured human den-
tal pulp cells with the PLGA-lovastatin nanoparticles 
than free lovastatin after 5, 9, and 13  days. Addition-
ally, PLGA-lovastatin nanoparticles induced the greatest 
expression of mRNA and dentin sialophosphoprotein 
(DSPP), dentin matrix acidic phosphoprotein 1 (DMP1), 
and osteocalcin (OCN) in the cultured pulp cells.

Animal studies
One study was designed to compare PLGA-lovastatin 
nanoparticles and mineral trioxide aggregate (MTA) 
as direct pulp capping materials for teeth using Wistar 
rats. Upon histological evaluation, it was revealed that 
MTA was superior to PLGA-lovastatin nanoparticles in 
terms of stimulating the formation of tubular dentin after 
2  weeks. However, following an observation period of 
4 weeks, it was evident that PLGA-lovastatin nanoparti-
cles and MTA were very similar in mediating the forma-
tion of tubular reparative dentin and a complete dentinal 
bridge [35].

An animal study investigated the effect of different con-
centrations of simvastatin on the proliferation and dif-
ferentiation of dental pulp stem cells (DPSCs) and pulp 
regeneration after pulpotomy. The results showed that 
simvastatin (1  mmol/L) suppressed the proliferation of 
canine dental pulp stem cells (cDPSCs), but the activity 
of alkaline phosphatase and mineral nodule formation 
were both significantly increased. In addition, the areas 
of pulp and dentin regeneration in the simvastatin group 
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were significantly higher than these same parameters in 
the other groups [34].

Collectively, the results of these various studies indi-
cate that introduction of statin-treated DPSCs into the 
pulp chamber can lead to coronal pulp regeneration, as 
well as dentin restoration. Therefore, it was concluded 
that statins stimulate both the mineralization of DPSCs 
and the formation of dentin in vivo and in vitro. It should 
be emphasized that statin-treated DPSCs showed an 
increase in the activity of ALPase and mineral nodule 
formation.

Statins have been investigated as a novel, alterna-
tive agent for pulp capping. Because statins exert anti-
inflammatory properties as one of their many pleiotropic 
effects, they are of interest to practicing dentists and spe-
cialists alike. Pulp and periapical symptoms can be modu-
lated with the use of statins, and they can also potentially 
decrease the development of apical periodontitis.

Statins and orthodontic tooth movement/orthodontic 
relapse
A potential clinical concern during orthodontic treat-
ment is that statin therapy may be associated with the 
promotion of osteogenesis and the suppression of bone 
resorption. Seven studies included in this review were 
designed to investigate the effect of statins on orthodon-
tic tooth movement and relapse [107–113]. Only one of 
these studies was conducted on humans [111].

Effect of statins on orthodontic tooth movement/orthodontic 
relapse: animal studies
The effect of atorvastatin on orthodontic tooth move-
ment (OTM) and the potential adverse effects of ator-
vastatin on long-bone turnover and endochondral 
ossification were examined in an animal study. Results 
indicated that atorvastatin significantly reduced OTM 
and osteoclast counts, while it did not affect the overall 
bone:volume ratio. Long-term statin administration had 
no effect on femoral endochondral ossification [108].

Another animal study also evaluated the effect of ator-
vastatin on OTM in rats. Results showed that there was 
a statistically significant (p < 0.05) reduction of OTM fol-
lowing administration of atorvastatin, but there was no 
significant difference (p > 0.05) in various histologic indi-
ces [root resorption, periodontal ligament (PDL) width, 
and osteoclast number] among the three groups [112].

The effect of local administration of simvastatin on 
post-treatment relapse was evaluated on 10 rabbits [114]. 
At post-intervention, the magnitude of relapse, as well as 
the percent relapse, between the two quadrants did not 
demonstrate differences that were statistically significant, 
although, based on histomorphometric analyses, a sig-
nificant reduction in the area of active bone-resorptive 

lacunae and a significant increase in newly-formed bone 
area was determined in response to local simvastatin 
administration [107].

Another animal study evaluated the effect of simvas-
tatin on relapse of tooth movement in rats using micro-
computed tomography (micro CT), and also determined 
whether there was a positive correlation between bone 
density and orthodontic relapse. Relapse and bone min-
eral density (BMD) were lower in the experimental 
group, but did not reach statistical significance. Addi-
tionally, these investigators found no correlation between 
bone density and orthodontic relapse [113].

The effects of simvastatin on orthodontic relapse and 
the remodeling of periodontal tissue following experi-
mental tooth movement in rats was evaluated in a differ-
ent animal study. Osteoprotegerin was strongly expressed 
on both sides of the PDL in the simvastatin group when 
compared to the control group. All results demonstrated 
that simvastatin effectively stimulated bone formation. 
This suggests that simvastatin has the potential to accel-
erate tooth stability in a new position, assist retention of 
teeth, and stabilize any loosened teeth in patients with 
periodontal disease. Furthermore, RANKL was strongly 
expressed, and its expression on both sides of the PDL 
was higher in the control group than in the simvastatin 
group [110].

The effect of Atorvastatin (ATV) on orthodontic 
relapse and osteoclastogenesis was investigated in one 
animal study by evaluating the expression of RANKL 
and osteoprotegerin (OPG). The results showed that 
ATV decreased tooth relapse and osteoclast counts 
which were positively correlated. Moreover, there was 
an increase in periodontal expression of OPG, but not 
RANKL with statin administration [109].

The effect of Statins on orthodontic tooth movement/
orthodontic relapse: clinical trial
The effect of simvastatin on space re-opening after ortho-
dontic space closure and its impact on the gingival index 
(GI) and clinical attachment loss (CAL) were evaluated 
in a randomized clinical trial. Those patients that had 
received the simvastatin gel had a significant reduction in 
space re-opening (p < 0.001). Moreover, GI reduction was 
significantly greater (p < 0.001) in the simvastatin group 
when compared to the control group. However, there was 
no significant difference between the experimental and 
control groups with regard to CAL [111].

In general, it has been shown in numerous studies 
that statins reduce orthodontic relapse. Findings in the 
above studies suggest that daily administration of statins 
affects bone resorption during orthodontic relapse, 
which was demonstrated by a significant decrease in the 
overall osteoclast count. Taken together, these results 
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demonstrate that statins mediate the inhibition of osteo-
clastogenesis and may represent a potential target with 
which to minimize orthodontic relapse.

In addition, there have been some studies that have 
reported that simvastatin (SMV) promotes bone for-
mation, as well as inhibits osteoclast activity [65, 115]. 
Statins can stimulate regeneration of new bone in 
rodents, and this effect appears to be related to increased 
expression of bone morphogenic protein-2 in osteogenic 
cells. Simvastatin at low concentrations exhibits a posi-
tive effect on the reproduction and differentiation of PDL 
cells to osteoblasts. SMV also limits osteoclast activity, 
while stimulating the formation of bone. The effects of 
SMV on osteoclast activity and bone formation would 
seem to suggest that its action is exerted by regulating the 
ratio of local osteoprotegerin to RANKL in periodontal 
tissue. Therefore, it has been suggested that SMV might 
be useful for tooth retention [110].

As mentioned above, the use of statins to inhibit osteo-
clastogenesis may represent a viable therapeutic strategy 
with which to minimize orthodontic relapse.

Statins and tissue healing (wound/bone healing)
Three studies evaluated the efficacy of statins on wound 
and bone healing [116–118].

The effect of Statins on tissue healing: animal studies
One study using rats investigated the effect of local 
administration of rosuvastatin (RSV) on mandibular frac-
ture healing. Animals in groups with the number 14 or 28 
were euthanized 14 days, or 28 days, after the operation, 
respectively. Stereologic analysis showed that the rats 
contained in group R-14 had significantly more new bone 
at 2 weeks compared with those rats in group C-14. The 
volume of connective tissue was also significantly greater 
in rats included in group R-14, although there was no 
significant difference in this parameter between groups 
C-28 and R-28. These authors concluded that locally-
administered RSV enhances early bone regeneration after 
mandibular fracture in rats [118].

The effectiveness of simvastatin injections in an etha-
nol carrier was evaluated in an animal study (beagle 
dogs) using several human-like clinical situations (dehis-
cence defect on root, thin bone on root, and ridge aug-
mentation). Application of simvastatin to alveolar bone 
surfaces is a clinically safe procedure with few adverse 
effects other than a moderate degree of swelling at the 
site of injection. However, the use of simvastatin did not 
enhance the bone width gain obtained with buccal over-
building procedures performed with the hydroxyapa-
tite graft and membrane in this model. Specifically, 
multiple injections of simvastatin did not enhance new 
bone deposition over dehiscence bone defects where no 

periosteum exists [117]. Although repeated injections 
of simvastatin induced new bone deposition over thin 
alveolar bone covering root surfaces and in edentulous 
sites, nevertheless, it would seem that additional pro-
spective studies are warranted to unequivocally identify 
the best animal model to evaluate the effects of repeated 
simvastatin injections in order to prevent the loss of thin 
alveolar bone (dehiscence defects, recession, and post 
extraction bone loss).

The effect of statins on tissue healing: clinical studies
In one study, the effect of intra-oral topical application 
of simvastatin/chitosan gel (10  mg/mL) over the palatal 
donor site following a free gingival graft (FGG) proce-
dure was evaluated. Statistically significant reductions in 
wound-healing scores were observed after 3 and 7  days 
for (simvastatin/chitosan gel) group when compared to 
other groups. A significant reduction was also observed 
in the visual analog scale (VAS) score on days 1, 3, 5 and 
7 when compared to the other groups on the same days 
[116].

Statins can also accelerate epithelization and the rate 
of wound closure by inhibiting adhesion and extravasa-
tion of leukocytes into the site of inflammation, which 
can result in reduced co-stimulation of T-cells and a 
reduction in inflammatory cytokines. These processes 
both facilitate wound healing during the early stages of 
wound repair. Additionally, statins have been shown to 
enhance the infiltration of macrophages, which, in turn, 
stimulates the proliferation of fibroblasts, keratinocytes, 
and endothelial cells [119]. Stimulation of angiogenesis, 
which promotes infiltration of macrophages, as well 
as induces both the production of vascular endothelial 
growth factor (VEGF) and re-epithelialization, have also 
been reported following statin use [119–121].

In summary, studies would appear to support the 
premise that topical application of simvastatin is safe at 
a low concentration (10  mg/mL) and promotes wound 
healing. Together with their antibacterial activity and 
capacity to modulate the inflammatory process, this 
wound care strategy involving statins could potentially 
minimize the risk of bacterial infection during the wound 
healing process.

It can be concluded that topical application of statins 
represents a safe and promising treatment modality for 
promoting wound healing, however, additional clinical 
trials are needed to confirm these results.

Statins and salivary gland function
The radioprotective potential of simvastatin (SMV) has 
been investigated in a murine model of radiation-induced 
salivary gland dysfunction in mice. The systemic adminis-
tration of SMV by intraperitoneal(i.p). injection lessened 
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the reduction in saliva secretion and restored the activity 
of salivary amylase [122].

Results demonstrated the potential of SMV to func-
tion as a radio-protective agent for salivary glands. The 
protective benefits of SMV were thought to be due to 
scavenging of radiation-induced free radicals, minimiz-
ing collagen deposition, and reducing/delaying the eleva-
tion of transforming growth factor β1 expression, which 
is induced by radiation. Therefore, it is suggested that 
statins may potentially represent a clinically useful treat-
ment to alleviate the side effects of radiotherapy on sali-
vary glands.

Anti‑tumor and anti‑cancer effects of statins
Four studies have evaluated the anti-cancer effects of 
statins in the head and neck area [37, 123–125].

One study assessed the effect of simvastatin in com-
bination with microRNA-21 inhibitor (miR-21i) in lung 
metastatic salivary adenoid cystic carcinoma (SACC-LM) 
cells. It should be noted that one of the most prevalent 
malignancies of the salivary glands is salivary adenoid 
cystic carcinoma (SACC). Additionally, it should be 
emphasized that microRNA-21 (miR-21) has a substan-
tial effect on tumor development. Results indicated that 
simvastatin dramatically inhibited SACC-LM cell prolif-
eration in a dose-dependent fashion. In addition, resist-
ance of SACC-LM cells to simvastatin was reduced by the 
miR-21i, which led to an acquisition of epithelial traits, a 
reduction in cell migration and invasion, an inhibition of 
growth and, lastly, stimulation of apoptosis, in the SACC-
LM cells [125].

In another recent study, the effect of simvastatin on the 
proliferation, invasion, and apoptosis of human SACC 
was investigated. Results demonstrated that exposure of 
SACC cells to simvastatin (10 to 50  µM) for 24 to 48  h 
considerably, and in a dose- and time-dependent manner, 
inhibited the proliferation of the SACC cells when com-
pared to non-simvastatin treated cells. Furthermore, in 
response to the simvastatin, the percentage of cells in the 
‘early’ and ‘late’ stages of apoptosis was increased. Finally, 
the invasiveness of SACC cells when exposed to simv-
astatin was inhibited in a dose-dependent manner, and 
simvastatin exposure also mediated a down-regulation 
in the expression of survivin (survivin is overexpressed in 
some types of cancers) [123].

The anti-tumor effects of statins on head and neck 
squamous cell carcinoma (HNSCC) were evaluated in a 
systematic review. Only fourteen in vitro studies that dis-
cussed the effect of statins on HNSCC were included in 
this review. These studies demonstrated that statins had a 
significant effect on HNSCC cell lines by influencing cell 
viability, the cell cycle, cell death, and protein expression 

levels that are involved in pathways associated with car-
cinogenesis [124].

In vitro and in vivo studies were conducted to evaluate 
the ability of atorvastatin to inhibit RhoC function and 
HNSCC metastasis. The results showed that treatment of 
HNSCC cell lines with atorvastatin decreased cell inva-
sion and migration. Statin treatment also decreased the 
membrane fraction of Ras homolog gene family member 
C (RhoC) and limited the activation of two critical sign-
aling pathways; namely, the extracellular signal-regulated 
kinase 1/2 (ERK1/2) and the signal transducer and activa-
tor of transcription 3 (STAT3) signaling cascades. Most 
importantly, in an in  vivo animal model, the inhibition 
of RhoC resulted in a decrease in metastases when com-
pared to placebo-treated animals. In summary, this work 
serves to confirm the use of statins as an adjunct treat-
ment modality to standard therapies currently available 
for HNSCC [37].

Currently, new therapies are emerging for oral cancer. 
Advanced tumors in the recurrent stage, as well as dis-
tant metastases, are currently treated with combination 
therapy involving surgical resection, which is followed by 
radiotherapy and, more often than not, chemotherapy. 
Almost all cancer treatments that involve radiation or 
pharmacotherapy are cytotoxic and cause many adverse 
effects for the patient. Therefore, therapeutic approaches 
that are less cytotoxic are desperately needed, especially 
for the treatment of HNSCC [126].

It has been previously recognized that statins have anti-
cancer effects. Some results have shown that statin mon-
otherapy can kill more than 50% of a tumor cell burden, 
as well as inhibit their proliferation in a dose-dependent 
manner. The effect of statins, when combined with either 
radiation, or other chemotherapeutic agents (cisplatin, 
5-fluorouracil, paclitaxel, carboplatin, and oxaplatin), on 
HNSCC cell viability has also been investigated. How-
ever, disappointingly, the inclusion of statins with the 
chemotherapeutic agents mentioned directly above had 
no significant effect on HNSCC cell kill [127, 128]. How-
ever, when a combination of gefitinib and lovastatin was 
tested using squamous cell carcinoma 9 (SCC9) cells, cell 
death was increased by more than 90% when compared 
to monotherapy with either drug [38, 129]. Similar results 
were reported by Dayekh et al. when they used lovasta-
tin combined with monensin (a polyether antibiotic iso-
lated from Streptomyces cinnamonensis) and erlotinib 
[130]. Using FaDu cells in in vitro clonogenic assays, de 
Llobet et al. showed that simvastatin enhanced the effects 
of radiation treatment alone and when in combina-
tion with cetuximab in terms of cell proliferation. These 
authors subsequently observed that the in  vitro results 
were reflected in xenoimplanted tumors growing into 
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subcutaneous tissue of athymic mice in which concomi-
tant treatment with simvastatin decreased tumor growth, 
induced apoptosis, and increased wound healing [131].

The final products of the mevalonate pathway, which 
includes de novo cholesterol and isoprenoids, have a 
potential effect on the viability of malignant cells [132]. 
Several of the products from the mevalonate pathway 
affect cell proliferation and are necessary for various key 
cellular functions including maintenance of cell mem-
brane integrity, signaling, protein synthesis, and cell cycle 
progression. It is thought that interruption of these pro-
cesses in malignant cells can inhibit tumor growth and 
metastasis [133]. Simvastatin has been shown to regu-
late the expression of phosphorylated forms of ERK1\2 
(extracellular-signal-regulated kinases) and the expres-
sion of cell cycle regulators, such as p21 and p27, in 
HNSCC cells [132, 134]. Additionally, atorvastatin treat-
ment in  vitro significantly decreases the active form of 
RhoC in HNSCC cells. Importantly, atorvastatin also 
mediates a significant reduction in the phosphorylated 
forms of ERK1/2 and STAT3, and reduces HNSCC cell 
motility, invasion, proliferation, and colony formation. 
These in  vitro results provide support for the sugges-
tion that statin exposure/administration may potentially 
represent a therapeutic intervention for the treatment of 
HNSCC [124].

Collectively, statins have significant anti-tumor effects 
on tumor cell lines with respect to the cell cycle, cell 
death, and through the regulation of protein expression 
involved in various carcinogenic pathways.

The effect of statins on gingival tissue
The effect of statins on gingival tissue: animal studies
Gingival overgrowth has been shown to be caused by 
the anti-seizure medication phenytoin, calcium channel 
blockers, and cyclosporin. In one particular study, the 
efficacy of lovastatin to prevent phenytoin-induced gin-
gival overgrowth was evaluated in mice. Lovastatin was 
selected based on previous analysis of tissue-specific 
regulation of CCN2 production in human gingival fibro-
blasts and because CCN2 is known to promote fibrosis 
and epithelial-to-mesenchymal cell transition. Lovastatin 
not only decreased epithelial gingival tissue growth in 
phenytoin-treated mice, but also altered the expression 
of biomarkers that indicate epithelial-to-mesenchymal 
cell transition. Data indicated that gingival overgrowth 
induced by phenytoin in mice replicates various molecu-
lar aspects of gingival overgrowth in humans. Moreover, 
these same authors showed that lovastatin normalized 
tissue morphology, a well as the expression of molecu-
lar markers evaluated in this study. Findings suggested 
that statins may prevent or attenuate phenytoin-induced 

human gingival overgrowth, although specific human 
studies are required to confirm this finding [135].

Cancer patients treated with cancer chemothera-
peutic agents often suffer from oral mucositis (OM). 
The effect of atorvastatin (ATV) on OM induced by 
the administration of 5-fluorouracil (5-FU) to ham-
sters was previously investigated. OM was induced in 
the hamsters by repetitive intraperitoneal injections of 
5-FU. ATV was effective at reducing mucosal damage 
and inflammation, as well as decreasing the levels of 
cytokines, nitrite, and myeloperoxidase activity on the 
5th and 10th  day of the 5-FU-induced OM. However, 
the highest dose of ATV (10  mg/kg) with 5-FU treat-
ment induced hepatotoxicity and amplified leukopenia 
[136].

Three types of drugs induce gingival overgrowth 
with fibrosis and inflammation. As mentioned above, 
these drugs are phenytoin, cyclosporin, and nifedipine. 
Although these three medications are of different drug 
classes, they all can cause drug-induced gingival over-
growth with manifests as enlarged gingival epithelium 
and connective tissues that exhibits varying degrees of 
fibrosis and inflammation.

Phenytoin-induced gingival overgrowth is the most 
fibrotic form of gingival overgrowth and is associated 
with increased expression of CCN2, but a reduced 
presence of inflammatory cells. It has been shown that 
TGF-beta 1 is highly expressed in phenytoin-induced 
human gingival tissue [137, 138]. Results in mice have 
demonstrated that higher expression of TGF-beta 1 in 
the phenytoin-treated mouse group was attenuated in 
the presence of lovastatin. This is related to the fact 
that statins, which are HMG-CoA reductase inhibi-
tors, inhibit TGF-beta 1 expression in kidney and tooth 
extraction sockets [135].

Adverse effects of statins as it pertains to oral health
One study pertaining to statins and various oral health 
parameters was identified in this review. The article 
evaluated the side effects of statins in the oral cavity 
and characterized the symptoms after interruption of 
statin treatment.

Patients, aged 50–70 years old, who had been previ-
ously diagnosed with hypercholesterolemia and were 
receiving statin treatment were referred to a dentist’s 
office. Anamnesis regarding their oral symptoms was 
obtained on their initial visit. Statin treatment was then 
discontinued, which was followed by various labora-
tory tests and repeat visits to the dentist at seven and 
15  days after statin discontinuation. Results showed 
that a high percentage of oral symptoms included 
dry mouth, itchiness, bitterness, and cough during 



Page 31 of 42Tahamtan et al. J Transl Med          (2020) 18:155  

statin therapy. There was a marked improvement in 
their symptoms after temporary interruption of sta-
tin treatment. This study included a relatively small 
number of patients and a more thorough and detailed 
design of experimental treatments is needed to estab-
lish a true correlation between statin treatment and 
oral symptoms [139].

Conclusion
The studies reviewed in the present manuscript, while 
being heterogeneous in terms of the type of studies, 
interventional approaches, and the duration and intensity 
of intervention, overwhelmingly suggest that the statin 
family of drugs have unique beneficial effects on dental 
and oral health. Almost all of the studies, using differ-
ent methodological approaches including observational, 
in vivo, in vitro, animal, and randomized clinical studies, 
showed that systemic and, in particular, local application 

of statins, plays a salient role in improving dental and oral 
health (Table 2).

Based on the results of this comprehensive review, 
it is suggested that statins possess a remarkable benefi-
cial effect on chronic periodontitis, alveolar bone loss, 
osseointegration of implants, dental pulp cells, ortho-
dontic tooth movement and subsequent relapse, tissue 
healing (wound/bone healing), and salivary gland func-
tion, as well as exhibiting anti-cancer properties in the 
oral cavity (Fig.  2). The findings of systematic reviews 
and meta-analyses contained in the current review con-
firm the favorable effects of statins on different aspects 
of dental and oral health (Table  1). Presently, there are 
several clinical trials underway to assess the therapeu-
tic effects of statins on dental and overall oral health, 
especially as it relates to periodontitis (Table  3). In the 
future, it is strongly suggested that larger clinical trials be 
conducted to assess the pleiotropic effects of statins on 
dental and oral health, focusing on determination of the 

Fig. 2 Schematic summary of pathways of the effect of Statins on Cardiovascular diseases (CVDs) and on Oral and Dental diseases and their 
potential related mechanisms
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ideal duration, dose, and specific statin (atorvastatin, flu-
vastatin, lovastatin, rosuvastatin, or simvastatin) for the 
treatment of each particular dental and/or oral condition. 
However, in the meantime, and based on the findings 
contained in the present review, it is probably safe to sug-
gest that local, or even systemic use of statins, should be 
considered as a novel, safe, inexpensive, and very acces-
sible therapeutic agent with which to improve various 
aspects of overall dental and oral health.
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