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azhardentj@azhar.edu.eg Purpose: The goal of this study was to evaluate the clinical effect of topically

http://adig journals ckb g controlled release simvastatin with dental implant in type II diabetic patients.

Materials and Methods: Sixteen diabetic type II patients with missing teeth were

DOI: 10.21608/adjg.2023.103233.1429 selected according to inclusion and exclusion criteria. Patients were divided randomly

Oral Medicine & Surgical Sciences into two groups using flip coin method. Group I (test group): 8 patients underwent
(Oral Medicine, Oral & Maxillofacial

e, @ Retfballorgs, @adl Bbaflog) implant placement for missed tooth with controlled released simvastatin around the

implant. Group II (control Group): 8 patients underwent implant placement for missed
tooth without controlled released simvastatin around the implant. All patients were
followed up clinically and radio-graphically for 6 months postoperatively after implant
placement. Results: The use of Simvastatin controlled release gel with delayed dental
implants decrease postoperative pain and swelling Conclusion: This research showed

that the drug delivery system of controlled release simvastatin improve the repair and

healing of bone and soft tissue around dental implant in diabetic type II patients.

INTRODUCTION

Dental implants are the most successful and recent way to restore
missing teeth. Initially, the survival rate of implant depends on successful
Osseo-integration of bone around implant”. The critical dependence on
bone metabolism for implant survival leads us to evaluate a certain risk
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Type II diabetes mellitus is a chronic disease
that has a high rate of morbidity and mortality.
Its prevalence is quickly increasing as the general
population ages, and it will soon become a global
epidemic®. According to the International Diabetes
Federation’s (IDF) recently published (2017) data
on the global burden of diabetes, there are around
425 million adults living with diabetes, with this
number expected to rise to 629 million by 2045©.

According to recent surveys, the success rate
of implants in individuals with T2DM has been
compromised”. Insulin is well-known as a common
treatment for diabetes, but its effect is restricted to
alleviating all negative effects on bone metabolism
while still resulting in poorer implant integration.
As a result, there is a pressing need to investigate
more effective strategies for treating people with
T2DM who have poor osseointegration®. The use
of hydroxymethylglutaryl-coenzyme A reductase
inhibitors or statins is one such adjunct technique®.

Statins are specific inhibitors of 3-hydroxy 3
methylglutaryl-coenzyme reductase that are most
typically used to prevent cholesterol formation in
cardiovascular disorders. Statins offer a wide range
of therapeutic activities, including vasodilatory, an-
tithrombotic, antioxidant, antiinflammatory and im-
munosuppressive actions leading to the modulation
of bone regeneration process at the molecular and
cellular levels®. Statins were initially discovered to
be effective stimulators of bone growth by in vitro
study conducted in 199919,

Statins stimulate bone formation by stimulating
the production of bone morphogenetic protein-2 in
Patients with: 1) poor bone quality, 2) inadequate
bone, and 3) metabolic disorders present difficult
cases for dental implant treatments?.

Simvastatin is a lipid-lowering statin that is a
3hydroxy-3methylglutaryl-coenzyme A (HMG-
CoA) reductase inhibitor with a powerful impact'?.
Study conducted in 2017 demonstrated that simvas-
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tatin inhibited osteoclastogenesis by inhibiting reac-
tive oxygen species-mediated signalling pathways.
Simvastatin has an anticatabolic and anabolic effect
on bone metabolism as a result!?,

A rather large daily dose of statins is required
for systemic delivery. As a result, hepatic clearance
is obstructed. Furthermore, in normal rats, topical
use of simvastatin as a slow release carrier has
demonstrated to improve bone around titanium
implants"?. Statins were 50—80 times more efficient
in stimulating bone growth when administered
topically or continuously released from an implant
than when taken orally or injected subcutaneously?.

Local administration can bypass hepatic
degradation of statins and attain the therapeutic
concentrations in bone, avoiding the negative effects
associated with systemic administration. The local
drug delivery system, on the other hand, is a means
of making the active component available at the
site of action for as long as possible!’®. Numerous
studies have used local delivery of simvastatin to
improve bone repair and found that statins had a

favorable effect locally'®.

Based on the advantage of controlled released
drugs and topical use of simvastatin, this study was
carried to evaluate clinically and radio-graphically
the effect of controlled released simvastatin with
dental implant in diabetic type II patients.

MATERIALS AND METHODS

Patient selection

16 diabetic patients with missing teeth were
chosen from the out-patient clinic of the Oral
Medicine and Periodontology department at Al-
Azhar University’s Faculty of Oral and Dental
Medicine for Girls.

Prior to any procedure, all subjects were
informed about the nature and benefits of their
participation in the study. All of the patients gave
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their written consent, indicating that they were
OK with the planned research program and study
design. Approval number REC-ME-21-03 from
the Research Ethic Committee of the Faculty of
Dental Medicine for Girls, Al-Azhar University was
received.

The patients were selected according to the
following inclusion criteria: Missing teeth ( lower
posterior teeth), Patients age was in the range from
35 up to 50 years old, Controlled diabetic patients,
No periodontal therapy, systemic antibiotics or
non-steroidal anti- inflammatory agents during the
preceding 6 months. Patients who were excluded
are smokers, Pregnant or lactating women, Patients
with variation in anatomical landmarks. Patients
with bad oral hygiene, Patients with abnormal habit,
Patients with systemic disease other than diabetes
and Patients with neuromuscular disorders.

Sample Size Calculation:

The sample size was calculated according to the
research (Influence of Simvastatin-Loaded Implants
on Osseointegration in an Ovariectomized Animal
Model®”) using CDC Epi Info program version
7.2.0.1 (Atlanta, USA) it was 8 patients in each
group including the dropouts. Patients were divided
randomly into two groups using flip coin method by
throwing a coin into the air and seeing when land
facing up head this patient was group I and when
land facing tail this patient was group II. Group I
(test group; n=8) underwent implant placement
for missed tooth with controlled released simvas-
tatin around the implant. Group II (control group;
n=8) underwent implant placement for missed tooth
without controlled released simvastatin around the
implant.

Clinical Evaluation:

All patients were followed up clinically for 6
months postoperatively after implant placement to
record the following clinical parameters: Patient
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Satisfaction'®, Pain assessment: pain were assessed
in the first 7 days after surgery by the aid of visual
pain scores"”, Swelling assessment: swelling were
assessed in the first 7 days after surgery by the aid
of swelling scores®”, Modified gingival index“"
(MGI): Reading were obtained twice using a
periodontal probe. First measure were taken after
implant placement by 3 months and after loading by
3 months, Modified plaque index®" (MPI): Reading
were obtained twice using a periodontal probe.
First measure was taken after fixture placement by
3 months and after crown by 3 months, Probing
depth®? (PD): Reading were obtained twice using
a periodontal probe. First measure was taken after
implant placement by 3 months and after loading
by 3 months.

Materials used in the study:

1. Implant:

Neo biotech (Neo Biotech Co, Seoul, Korea)
implant system was used in this study. Implants were
made of pure titanium with length ranging from
(8.5-13mm) and diameter ranging from (3.5-5mm).
Neo biotech implant is designed with tapered body
and sandblasting with large grit and acid etched
(SLA) surface treatment. Double threaded design.
Tapered form implants achieve excellent bone
response and harmonize with surrounding bone
anatomically. While threads help to increase initial
stability. The Neo biotech implant has internal hex
connection between implant fixture and abutment
interface ensure hermetic sealing. This biological
connection distributes the load of the fixture evenly
leading to minimizing the micro movements and
marginal bone loss.

2. Simvastatin gel:

Simvastatin gel was applied topically in the test
group in a gel form into the osteotomy site before
implant placement, gel was supplied in a sterile
plastic syringes, one syringe for each patient.
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Simvastatin gel preparation:

The gel prepared under aseptic condition using
sterilized laminar flow system. The gel was prepared
with 0.3 gm. of the carbopol 940 polymer. For
appropriate dissolving of the polymer, the required
amount of carbopol 940 was added to warm distilled
water with vigorous stirring and left overnight.
20 mg of simvastatin (Sigma-Aldrich, St. Louis,
MO, USA) was dissolved in sterile distilled water
were incorporated into gel base with continuous
stirring. Mixing at 300 rpm using a magnetic stirrer
(Dubuque, Iowa, USA). For around 15 minutes, the
beaker was covered with aluminum foil and left to
mingle. A homogenizer was used to homogenize
the mixture for 5 minutes at low speed. The PH
was corrected to 7 with the addition of 1 percent
triethanolamine solution after complete addition
of the polymer and good mixing, and gel formed
spontaneously. The gel was permitted to set at room
temperature for 15 minutes to allow the air bubbles
created by the mixing to escape, until it formed a
clear gel. To create homogeneous gel formulations,
stirring was continued until no lumps were visible,
and the contents were placed in the refrigerator
(4°C) overnight®.

Preoperative assessment:

Clinical assessment

Visual examination and palpation of the entire
oral mucosa. All patients received full mouth
scaling and root debridement followed by proper
oral hygiene instruction.

Surgical steps:

1- First phase:

All surgical steps were carried out under strict
condition.The implant area was anaesthetized
by inferior alveolar nerve block technique using
local anaesthesia (mepavecaine with epinephrine
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1:100.000). After testing anaesthesia using explorer
to assure the patient numbness, using #15 blade,
crestal incision which slightly located lingually on
the ridge of the missing lower posterior tooth was
performed, followed by intrasulcular incision around
adjacent teeth ( one tooth mesial and one tooth distal)
were made, the full thickness muccoperiosteal
flap was raised using muccoperiosteal elevator
to expose underlying bone. Osteotomy site
preparation through sequential drilling. The surgical
sequence were followed the protocol described by
the implant company surgical kit until reaching
the desired diameter of the implant under copious
saline irrigation and at (1500rpm) speed. Drilling
direction must be parallel to the adjacent mesial
teeth; parallelism must be checked with parallel
pins from the implant company surgical kit. After
a proper osteotomy site was prepared, the implant
removed from its sterile packing, then held using
fixture driver, inserted into the prepared osteotomy
and screwed manually with apical pressure until
there is resistance (Fig. 1A). At this stage the
Rachet was attached to adaptor at the implant screw
in clockwise manner until complete seating of
the implant to its final depth with platform placed
Imm apical to alveolar crest. The cover screw is
placed into its position and tightened using screw
driver. Flap was returned to its position covering
the implant and sutured with 4-0 vicryl (absorbable)
suture material. Postoperative digital periapical
radiography was taken to check the implant position
and its relation to adjacent structure and anatomical
landmarks®?.

Regarding test group (group I):

After
preparation of osteotomy site and before implant

Same steps were followed except
placement, simvastatin gel in plastic syringe was
applied inside the osteotomy (Fig. 1B) until the
gel fill the whole osteotomy site, then the implant

inserted and screwed within its place®?.
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Figure (1): A) showing the insertion of implant into the
osteotomy site, B) showing the administration of
simvastatin gel to osteotomy site.

Postoperative medication, care and instructions:

Augmentin (625 mg Amoxicillin trihydrate,
125 mg Clavulanc acid GSK, Egypt.) 1gm tablets
every 12 hours every day for 5 days after surgery
to guard against infection. Ibuprofen (Kahira CO.
for pharma and Chemo., IND Company, Cairo,
Egypt.) 600mg tablets every 12 hours every day if
needed posoperatively, as an analgesic and an anti-
inflammatory. Chlorhexidine mouth wash (Kahira
CO. for Pharma and Chemo., IND Company,
Cairo, Egypt.) was prescribed twice daily for two
weeks after surgery. In the day of surgery instruct
the patient to apply extra oral ice bags (15-20)
minutes over implantation site to prevent hematoma
formation. About eating, instruct the patient to
follow cold drinks and soft diet on the other side and
avoid hot drinks and foods. Brushing the teeth with
soft toothbrush except surgical site. Suture removal
was done 10 days after surgery.

2- Second phase (healing abutment):

Two months after surgery the second phase
surgery was performed include: Identification of
cover screw position by palpation and probing
was made. Circular incision was made around the
identified position of cover screw, using #15 blade.
Cover screw was removed using screw driver.
Gingival former (healing abutment) was placed to
allow gingival marine formation®®.
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Follow up and outcomes measures:

Patients were recalled for clinical parameters 7
days after surgery for pain and swelling assessment.
3-months and 6-months after surgery for gingival
index, probing depth and plaque index.

Clinical assessment

1. Pain assessment: The visual analogue scale was
used to examine the patient in the first seven
days after surgery!”.

2. Swelling assessment: Swelling score assessment
was used in the first seven days after surgery®®.

3. Modified gingival index (MGI): Readings were
recorded for each implant at 3 and 6 months after
implant placement. The gingival conditions
were scored by using periodontal probe®b.

4. Modified plaque index (PI): Readings were
recorded around the healing abutment for
each implant at 3 and 6 months after implant
placement®V,

5. Probing depth (PD): With the least probing
force, measurements were taken from the
gingival margin to the base of the sulcus.
Readings was recorded at 3 and 6 months for
each patient around the healing abutment and
final prosthesis®?.

Statistical analysis:

Clinical results were collected and tabulated for
statistical analysis at the end of the study period
(6 months).

RESULTS

1. Pain Scale

The Pain scale mean value was (6.5+£0.55) in
control group ranged from 6 to 7 meaning all pa-
tients were suffering from severe pain. While the
Pain scale for tested group decreased to (2.00+0.89)
ranged from 1 to 3 meaning all patients were suffer-
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ing from mild pain. According to the Independent
sample t- test, the result of the p-value was 0.000
(P <0.01) which indicates that there was statisti-
cally highly significant differences in the mean of
Pain scale at the 0.01 level (P < 0.01 & confidence
99%) between Control and Test group in favor con-

trol group which have a higher mean of Pain scale,

figure 2.
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Figure (2): Bar chart showing Mean and SD of Pain Scale for
Control and Test group.

2. Swelling Score

The Swelling Score mean value was (3.17+0.41)
in the control group ranged from 3 to 4 meaning
patients were suffering from moderate to intense
swelling (83.3% of patients was moderate and
16.7% was intense). While the Swelling Score
for tested group decreased to (2.17+0.41) ranged
from 2 to 3 meaning patients were suffering from
slight moderate swelling (83.3% of patients was
slight and 16.7% was moderate). According to the
Independent sample t- test, the result of the p-value
was 0.002 (P <0.01) which indicates that there was
statistically highly significant differences in the
mean of Swelling Score at the 0.01 level (P <0.01&
confidence 99 %) between Control and Test group
in favor control group which have a higher mean of

Swelling Score, figure 3.
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Figure (3): Bar chart showing Mean and SD of Swelling Scale
for Control and Test group.

3. Modified Gingival index (MGI), table 1:

Inter group comparison:

Table (1) Mean +SD and Range of Modified Gingival
Index for Control and Test groups at different time
intervals.

Time

. Control Test Range  P-value**
interval
Control 0-2 NS
3 months 1.00+0.89 0.67+0.52 & Test 0-1 0.448
Control 0-2 NS
6 months 1.17+0.75 0.83x0.41 & Test 0-1 0.363

P-value® 0.611™ 0.364"8

NS: non-significant (p>0.05)
* P-value from paired t test for intragroup comparison.

** P-value from independent sample t test for
intergroup comparison.

o After 3 months, The MGI mean value was
(1.00+£0.98) for control group, this value
decreased in the test group to (0.67+0.52). Also,
the index rang for control group was from O to 2
while in test group was from O to 1. According
to the Independent sample t- test, the result of
the p-value was 0.448 (P <0.05) which indicates
that there was no statistically significant
differences in the mean of MGI between the
Control and Test group after 3 months.
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e After 6 months, The MGI mean value was
(1.16+0.75) for control group, this value
decreased in the test group to (0.83+0.41). Also,
the index rang for control group was from O to 2
while in test group was from O to 1. According
to the Independent sample t- test, the result of
the p-value was 0.363 (P <0.05) which indicates
that there was no statistically significant
differences in the mean of MGI between the
Control and Test group after 6 months.

4. Modified Plaque index (MPI), table 2:

Inter group comparison:

Table (2) Mean +SD and Range of Modified Plaque
Index for Control and Test groups at different time

intervals.
. Time Control Test Range  P-value**
interval
Control 1-2 NS
3 months 1.67+0.52 1.17+0.75 & Test 0-2 0.209
Control 0-2 NS
6 months 1.00+0.63 0.83+0.41 & Test 0-1 0.599

P-value® 0.175™ 0.363N

NS': non-significant (p>0.05)
* P-value from paired t test for intragroup comparison.

**  P-value from independent sample t test for

intergroup comparison.

e After 3 months, The MPI mean value was
(1.67£0.52) for control group, this value
decreased in the test group to (1.17+0.75). Also,
the index rang for control group was from 1 to 2
while in test group was from 0 to 2. According
to the Independent sample t- test, the result of
the p-value was 0.209 (P <0.05) which indicates
that there was no statistically significant
differences in the mean of MPI between the
Control and Test group after 3 months.

e After 6 months, The MPI mean value was
(1.00+£0.63) for control group, this value

decreased in the test group to (0.83+0.41). Also,
the index rang for control group was from O to 2
while in test group was from O to 1. According
to the Independent sample t- test, the result of
the p-value was 0.599 (P <0.05) which indicates
that there was no statistically significant
differences in the mean of MPI between the
Control and Test group after 6 months.

5. Maximum Probing Depth (Max PD), table 3:

Inter group comparison:

Table (3) Mean +SD of Maximum Probing Depth for
Control and Test groups at different time intervals.

Time interval Control Test P-value**

3 months 3.83+1.72 3.00+0.89 0.318™8

6 months 2.83+0.41 2.83+0.41 1.000™

P-value® 0.203N8 0.695™

NS: non-significant (p>0.05)

* P-value from paired t test for intragroup comparison.
** P-value from independent sample t test for

intergroup comparison.

e After 3 months, The Max PD mean value was
(3.83+£1.72 mm) for control group, this value
decreased in the test group to (3.00+0.89 mm)
and according to the Independent sample t- test,
the result of the p-value was 0.318 (P <0.05)
which indicates that there was no statistically
significant differences in the mean of Max PD
between the Control and Test group after 3
months.

e After 6 months, The Max PD mean value was
equal for control and test group (2.83+0.41 mm)
and according to the Independent sample t-
test, the result of the p-value was 1.00 (P <0.05)
which indicates that there was no differences in
the mean of Max PD between the Control and
Test group after 6 months.
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DISCUSSION

The goal of this study was to evaluate the use
of Simvastatin as anti-inflammatory, pain reducing
agent, swelling reducing agent and promoter
for healing of hard and soft tissue around dental
implants. Simvastatin has been discovered to
promote bone regeneration and soft tissue healing.
This is accomplished by increasing osteoblastic
differentiation, stimulating neovascularization via
its effect on bone morphogenetic proteins (BMP)
and endothelial growth factor®, inhibiting tissue
degrading enzymes such as matrix metalloproteinase
(MMPs), promoting autophagy, and lowering ROS
production®®.

The preparation of simvastatin as controlled
release drug delivery system was to take an advantage
of it. The most important of these advantages are
sustained drug levels in situ, drug escape from
stomach destructive acidic environment, increase
local concentration of drug in situ and sustained
release drugs offer a onetime application and have
an advantage over repeated applications®”.

This study was performed on 16 T2DM patients
as Diabetic patients have delayed wound healing,
impaired response to infection and compromised
bone and soft tissue healing. Impaired vascularity
and T2DM-enhanced inflammation disturb a proper
distribution of oxygen,nutrients,and osteoprogenitor
cells to repair site. It is suggested that the function
of osteoprogenitor cells is compromised in T2DM
patients. And there is an alternation in bone turn over
which in turns has a bad impact in bone formation
and/or resorption. Additionally, advanced glycation
end products (AGEs) which generated as a result of
the hyperglycemia is capable of altering the bone
matrix and decreasing the bone quality®®.

In this study Titanium dioxide implants was
used. Which is the main material for dental implant
that is surgically inserted into hard and soft tissues
which provide a superstructure for esthetics and
function purposes®.
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Regarding to results, the patients in test group
who received the simvastatin gel, experienced less
post-operative pain after the surgery. When assessed
by pain scores 7 days after surgery. The control
group mean value was (6.5+0.55), while the tested
group decreased to (2.00+£0.89). According to the
Independent sample t- test, the p-value was 0.000
(P <0.01) which indicates that there was statistically
highly significant differences in the mean of Pain
scale at the 0.01 level (P < 0.01& confidence 99
%) between Control and Test group. It is worth
highlighting that the majority of patients in test
group stopped using the pain killers the second day
after surgery. While the majority of the patients
in control group used pain killers for 7 days after
surgery and a few of them stopped using it after 5
days after surgery.

Also, patients in test group who received the
simvastatin gel experienced less post-operative
swelling. When assessed by swelling scores 7 days
after surgery. The mean value was (3.17£0.41)
in the control group ranged from 3 to 4 meaning
patients were suffering from moderate to intense
swelling (83.3% of patients was moderate and
16.7% was intense), while the mean value for
tested group decreased to (2.17+0.41) ranged
from 2 to 3 meaning patients were suffering from
slight moderate swelling (83.3% of patients was
slight and 16.7% was moderate). According to the
Independent sample t- test, the result of the p-value
was 0.002 (P <0.01) which indicates that there was
statistically highly significant differences in the
mean of Swelling Score at the 0.01 level (P<0.01&
confidence 99 %) between Control and Test group.

The modified gingival index mean value in the
Control group was (1.00+£0.98 after 3 months &
1.16+£0.75 after 6 months). This value decreased
to (0.67+0.52 after 3 months & 0.83+x0.41 after
6 months) in the Test group. According to the
Independent sample t- test, the result of the p-value
was 0.448 (P <0.05) after 3 months & was 0.363 (P
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<0.05) after 6 months which indicates that there was
no statistically significant differences in the mean of
MGI between the Control and Test group after 3 &
6 months.

The modified plaque index mean value in the
Control group was (1.67+0.52 after 3 months &
1.00+0.63 after 6 months). This value decreased
to (1.17+0.75 after 3 months & 0.83+0.41 after
6 months) in the Test group. According to the
Independent sample t- test, the result of the p-value
was 0.209 (P <0.05) after 3 months & was 0.599 (P
<0.05) after 6 months which indicates that there was
no statistically significant differences in the mean of
MPI between the Control and Test group after 3 &
6 months.

The probing depth mean value after 3 months in
the Control group was (3.83+1.72 mm). This value
decreased to (3.00+£0.89 mm) in the Test group.
According to the Independent sample t- test, the
result of the p-value was 0.318 (P <0.05) which
indicates that there was no statistically significant
differences in the mean of PD between the Control
and Test group. While the PD mean value after 6
months was equal for both groups (2.83+0.41 mm)
and according to the Independent sample t- test,
the result of the p-value was 1.00 (P <0.05) which
indicates that there was no differences in the mean
of PD between the Control and Test group.

Study conducted in 2018 reported that topical
simvastatin gel is a unique therapeutic method for
palatal donor site wound healing after a free gingival
transplant operation. This clinical study examined
the effect of topically applied simvastatin/chitosan
gel (10 mg/mL) intra-oral over the palatal donor site
following a free gingival graft (FGG) procedure.
Study reported statistically significant decrease
in wound-healing scores (after 3, 7 days) in test
group compared to other groups. And a significant
decrease in the visual analog scale (VAS) score (1,
3,5 days) when compared to the other groups on the
same days®?.
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In vivo study conducted in 2021¢Y, the rates
in test group received wound dressing contained
controlled release simvastatin shown a faster and
more efficient wound healing process than the rates
in control group.

In 2020 a study showed that
simvastatin at low concentrations (10 mg/mL) is safe

topical use of

and enhances wound healing. This also reduces the
danger of bacterial infection throughout the wound
healing process due to its antibacterial action and
ability to control the inflammatory response. Finally,
using statins topically to promote wound healing is
a safe and promising therapeutic option®?.

CONCLUSION

The use of Simvastatin controlled release
gel with delayed dental implants may be able to
decrease postoperative pain and swelling in addition
to improvement healing around dental implants by
the anti-inflammatory properties.
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RECOMMENDATIONS

It is recommended to measure the periodontal
measurements (Modified plaque index, Modified
gingival index and probing depth) after 2 months
from the dental procedure .Further long term studies
are recommended for controlled release drugs

around dental implant in diabetic type II patients.

CONFLICT OF INTEREST

Authors declare no conflict of interest.

FUNDING

This research received no external funding.



(410)

AZJID, Vol. 10, No. 2

REFERENCES

1.

10.

11.

12.

Alghamdi HS. Methods to improve osseointegration of
dental implants in low quality (type-IV) bone - an over-
view. J Funct Biomate. 2018; 9:7.

Khader YS, Dauod AS, El-Qaderi SS, Alkafajei A, Batayha
WQ. Periodontal status of diabetics compared with nondi-
abetics - a meta-analysis. J Diabetes Complications. 2006;
20:59-68.

Jia T, Wang YN, Zhang J, Hao X, Zhang D, Xu X.
Cinaciguat in combination with insulin induces a favor-
able effect on implant osseointegration in type 2 diabetic
rats. Biomed Pharmacother. 2019; 118:1-7.

Rubin MR, Patsch JM. Assessment of bone turnover and
bone quality in type 2 diabetic bone disease: current con-

cepts and future directions. Bone res. 2016; 4:1-9.

Eller-Vainicher C, Cairoli E, Grassi G, Grassi F, Catalano
A, Merlotti D, et al. Pathophysiology and management
of type 2 diabetes mellitus bone fragility. J Diabetes Res.
2020; 2020:1-18.

Federation ID. IDF diabetes atlas 8th edition. International
Diabetes Federation. 2017:905-11.

Annibali S, Pranno N, Cristalli MP, La Monaca G,
Polimeni A. Survival analysis of implant in patients with
diabetes mellitus - a systematic review. Implant dentistry.
2016; 25:663-74.

Kellesarian SV, Al Amri MD, Al-Kheraif AA, Ghanem A,
Malmstrom H, Javed F. Efficacy of Local and Systemic
Statin Delivery on the Osseointegration of Implants - A
Systematic Review. Int J of Oral Maxillofac Implants.
2017; 32:497-506.

Bahrami A, Bo S, Jamialahmadi T, Sahebkar A. Effects of
3-hydroxy-3-methylglutaryl coenzyme A reductase inhibi-
tors on ageing - Molecular mechanisms. Ageing res. rev.
2020; 58:1-9.

Mundy G, Garrett R, Harris S, Chan J, Chen D, Rossini G,
et al. Stimulation of bone formation in vitro and in rodents
by statins. Science. 1999; 286:1946-9.

Martin V, Bettencourt A. Bone regeneration: Biomaterials
as local delivery systems with improved osteoinductive
properties. Mater Sci Eng C. 2018; 82:363-71.

Elsaid AG, Sadek AS. The protective role of simvastatin
on methotrexate-induced bone injury in adult albino rat.
Egypt J Histol. 2017; 40:105-15.

13.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

Salma M. Baheir, et al.

Hao J, Chou J, Kuroda S, Otsuka M, Kasugai S, Lang NP.
Injectable simvastatin gel for minimally invasive perios-
teal distraction - In vitro and in vivo studies in rat. J Clin
oral implants res. 2018; 29:227-34.

Dundar S, Bozoglan A. Evaluation of the effects of topi-
cally applied simvastatin on titanium implant osseointe-
gration. J Oral Biol Craniofac Res. 2020;10:149-52.

Jin H, Ji 'Y, Cui Y, Xu L, Liu H, Wang J. Simvastatin-
Incorporated Drug Delivery Systems for Bone
Regeneration. ACS Biomater Sci Eng. 2021; 7:2177-9.

Tahamtan S, Shirban F, Bagherniya M, Johnston TP,
Sahebkar A. The effects of statins on dental and oral health
- areview of preclinical and clinical studies. J Transl Med.
2020; 18:1-42.

Fang W, Zhao S, He F, Liu L, Yang G. Influence of simv-
astatin-loaded implants on osseointegration in an ovariec-
tomized animal model. BioMed Res Int. 2015; 2015:1-7.

Kabli, Ahmed M. ‘Patient related outcomes for dental im-
plant therapy with fixed prostheses - a systematic review.
Dental Theses. 2017; 22:1-24.

. Yang JW, Jia PY, Qiu LX, Lu C, Jiang T. Feasibility analy-

sis of visual analogue scale in esthetic evaluation of ante-
rior implant-supported single crown in maxilla. Zhonghua
Kou Qiang Yi Xue Za Zhi. 2021; 56:324-8.

Garcia B, Penarrocha M, Marti E, Gay-Escodad C, von
Arx T. Pain and swelling after periapical surgery related to
oral hygiene and smoking. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2007; 104:271-6.

Mombelli A, Van Oosten MA, Schurch E and Land NP,
The microbiota associated with successful or failing os-
seointegratted titanium implants. Oral Microbial Immunol.
1987;2:145-51.

Humphery S. Implant maintenance. Dent Clin N Am.
2006; 50:463-78.

Aly UF, Abou-Taleb HA, Abdellatif AA, Tolba NS.
Formulation and evaluation of simvastatin polymeric
nanoparticles loaded in hydrogel for optimum wound heal-
ing purpose. Drug Des Devel Ther. 2019; 13:1567.

Gheisari R, Eatemadi H, Alavian A. Comparison of the
marginal bone loss in one-stage versus two-stage implant
surgery. J Dent. 2017; 18:272.

Kong LC, Li HA, Kang QL, Li G. An update to the ad-
vances in understanding distraction histogenesis: From
biological mechanisms to novel clinical applications. J
Orthop Translat. 2020; 25:3-10.



Evaluation of Controlled Release Simvastatin around Dental Implant in Controlled Type II Diabetic

26.

217.

28.

29.

Petit C, Batool F, Stutz C, Anton N, Klymchenko A,
Vandamme T, et al. Development of a thermosensitive
statin loaded chitosan-based hydrogel promoting bone
healing. Int J Pharm. 2020; 586:3-47.

Miiller RH, Runge SA. Solid lipid nanoparticles (SLN®)
for controlled drug delivery 1* ed. InSubmicron emulsions
in drug targeting and delivery. 2019.

Marin C, Luyten FP, Van der Schueren B, Kerckhofs G,
Vandamme K. The impact of type 2 diabetes on bone frac-
ture healing. Front Endocrinol. 2018; 9:6.

Liu X, Chen S, Tsoi JK, Matinlinna JP. Binary titanium

alloys as dental implant materials-a review. J Regen
Biomater. 2017; 4:315-23.

30.

31.

32.

411)

Madi M, Kassem A. Topical simvastatin gel as a novel
therapeutic modality for palatal donor site wound healing
following free gingival graft procedure. J Acta Odontol
Scand. 2018; 76:212-9.

Heydari P, Zargar Kharazi A, Asgary S, Parham S.
Comparing the wound healing effect of a controlled re-
lease wound dressing containing curcumin/ciprofloxacin
and simvastatin/ciprofloxacin in a rat model: A preclinical
study. J Biomed Mater Res A. 2021; 11:1-12.

Tahamtan S, Shirban F, Bagherniya M, Johnston TP,
Sahebkar A. The effects of statins on dental and oral health
- areview of preclinical and clinical studies. J Transl Med.
2020; 18:1-42.



