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ABSTRACT
Aims of this study: This prospective comparative randomized clinical study trained to evaluate the effectiveness of local
application of 10mg simvastatin on bone regeneration in the sockets of surgically extracted mandibular third molars by
CBCT measuring of bone density three months post operatively.
Methods and materials: This study was conducted from January 2019 to September2019. The subscribed patients were 24, 8
of them had bilateral mandibular third molars (MTM) indicated for surgical removal, so the 32 cases were 15 male and 17
female). Cases distributed randomly in tow groups; study (15) and control (17). After surgical removal of the mandibular
third molars, the study group treated with local application of simvastatin + gel foam combination in the sockets of
surgically extracted MTM, while the control group cases treated with application of gel foam only in their sockets.
After three months, the density of reformed bone in the sockets of study group measured and compared with that of control
group using cone beam computed tomography (CBCT). The statistical analysis accomplished by using Statistical Package
for social Science (SPSS version 21)
Results: At three months post operatively, CBCT bone density measurements showed that bone density was significantly
higher in study group (486.78 Voxel Value)than in control group (327.00 Voxel Value).There are significant differences
between study and control bone density (P-value=0.00).
Conclusions: The local application of 10mg simvastatin powder + gel foam combination can increase the bone density in the
sockets of surgically extracted MTM and it is safe to be used for ridge preservation after teeth extraction.
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INTRODUCTION

The impacted tooth is the tooth that retained beyond its
normal average date of eruption [1]. The mandibular 3rd
molar considered as impacted tooth when the root
formation is completed, while it doesn't have a functional
occlusion [2]. The suggested average of eruption time of
mandibular third molar is 17-24 years of age. The wide
range of eruption time varies due to racial and ethnic
variation, and that result the 3rd molar to shows the
highest prevalence of impaction because it is the last tooth
that erupts in the oral cavity.
Kazemian, et al. [3] proposed the adjacent tooth, hard and
soft tissue barriers as the most common reasons for
impaction of 3rd molar teeth. The impacted mandibular
3rd molar may associated with pericoronitis,
periodontitis, cystic lesions, neoplasms, pathological root
resorption, and cause harmful effect to the adjacent tooth.
The impacted 3rd molars may accompany with pain,

caries, and infections, so, surgical removal is indicated to
relieve these symptoms [4]. Surgical extraction of
impacted 3rd molar is a common procedure performed in
the oral and maxillofacial surgery, bone loss distally to the
second molar is a common apprehension, so, preservation
or augmentation of the alveolar ridge or bone post
extraction is beneficial [5].
After tooth extraction, decreasing in amount of alveolar
bone and socket occurs as the result of bone loss [6]. Bone
loss comes as an inevitable consequence of tooth
extraction that is the result of changes in physiological
status of bone [7]. If do not take action to preserve bone
and bone regeneration, severe bone loss will happen that
makes the requirement of aggressive and costly
treatments essential such as bone graft [8].The best time
to preserve the alveolar ridge is at the time of extraction.
Bone preservation can prevent 40%–60% of the jawbone
atrophy that normally happens 2–3 years after tooth
extraction and continues at a rate of 25%–15% per year
until death [9]. Bone regeneration in the tooth socket is a
complex process like the normal fracture healing and bone
remodeling. The bone repair process composed of three
components: osteo induction, osteo genesis, and osteo
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conductive matrix [10]. Bone Morphogenic Proteins
(BMPs) are the essential regulators of osteogenic cells
differentiation during bone repair makes the multipotent
stem cells to differentiate into osteoblast like cells. The
use of inexpensive pharmacological compounds with less
side effects , biologically well tolerated, such as statins ,to
enhance an autogenous bone growth factors stimulation
was a promising concept [11].
Statins ordinarily use to lower the cholesterol level,
Mundy et al., first reported the enhancing effect of statins
in (BMP-2) expression in bone cells. statins stimulate neo
angiogenesis by causing stimulation of osteoblast,
decrease the vascular inflammation, acting as anti-
thrombogenesis agents, and increase the expression of
(BMP-2) along with other osteoinductive elements [12].
Different studies have discus the role of statins in bone
regeneration, most of them was animal studies carried
out in Wister rates, New Zealand white rabbits, mice, and
others [13]. All the trials reported positive results for
intra, as well as, extra oral sites, such as cranial defects
and femur fractures. Human trials also have been carried
for periodontal defects, periapical cystic lesions,
extracted premolar sockets, and osteoporotic lesions in
women. In vitro studies have been initiated to determine
the exact mechanism of action [14].
Among statins, simvastatin has been extensively studied,
showing pluripotent effects. The mevalonat, which is the
result of hydroxy-methyl-gluteryl co enzyme reductase
response, is the precursor of cholesterol and some other
non-steroidal isoprenoid mixtures, so, the obstruction of
this key catalyst can have pleiotropic effects. Simvastatin
synthesized by fermentation of Aspergillus terreus, it is
non-hygroscopic white crystalline powder, insoluble in
water, and soluble in chloroform, methanol, and alcohol.
Absorption of oral doses of statins varies from 40-75 %
and has high first-pass extraction by the liver. Most of the
absorbed dose excreted in bile, and 5-20% excreted in
urine. simvastatin is taken orally in dose of 20-40mg
daily, the toxic dose is 160 mg daily [15].
Various methods have been tested for the local insertion
of statins, which include the use of collagen gel,
polyglycol, gelfoam etc. New bone formation around the
compound of gelatin hydrogel containing fluvastatin has
been reported [16]. The GELFOAM is a water-insoluble,
non-elastic, porous, pliable product prepared from
purified pork skin gelatin. Initially this material is used as
haemostatic agent, it is able to absorb and hold within its
interstices many times its weight of blood and other
fluids [17]. This study analyzed the management of the
surgically extracted mandibular third molar sockets
using simvastatin with gelfoam as a carrier material to
enhance bone regeneration, the simvastatin dosage was
10mg powder of row material, depending on literature
review of the drug [18].

METHODOLOGY

The patients who participated in this study were selected
from patients attending the oral surgery clinics in,
Department of Oral and Maxillofacial Surgery in the

College of Dentistry Teaching Hospital / University of
Baghdad, and AL-Sadr Specialized Health Center of
dentistry / oral surgery clinic and radiographic work,
from January 2019 to august 2019. This study was
carried out as prospective comparative randomized
clinical study.

Inclusion criteria

Age (18-40), patients with partially or completely
impacted mandibular third molar indicated for surgical
extraction and Patients who were willing to participate in
the study.

Exclusion criteria

Medically compromised patient, Pregnancy, female
patient taking contraceptive drugs, Age below 18 years
and above 40 years, Patient with poor oral hygiene
and/or generalized chronic destructive periodontitis,
patients with acute pericoronitis, patient with history of
head and neck radiotherapy, Patients unable to return
back for follow up and study recall, Impacted teeth
interfering with the inferior alveolar canal, Patient with
peri-apical pathosis, cystic lesions and Heavy smokers.

Consent form

All patients were well informed about the objective and
technology of the study, they were also informed that
they were free to withdraw at any time they want
throughout the study, and an informed consent was
obtained.

Case sheet

Information about each patient recorded on prepared
case sheet, it contained the following data: General
information: including name, age, gender, occupation,
address and mobile number. Past medical history, Past
dental history, Extra oral examination, Intra oral
examination, Intra operative surgical difficulty
assessment according to time and technique,
Postoperative complication (wound dehiscence, dry
socket), and Postoperative inflammatory responses (pain,
swelling, mouth opening).
Surgical procedure: The surgical procedure employed
according to standard sterilization and anaesthesia
techniques of buccal approach; block anesthesia of
inferior alveolar, long buccal, lingual nerves. Tow sided
much periosteal flap elevation (triangular flap) to expose
the impacted tooth, remove the covering bone and the
retentive part of the crown if present by the conventional
surgical hand pies with fissure and /or round bur. The
exposed tooth luxated by elevators and extracted by
suitable forceps. The socket inspected carefully, washed
with normal saline thoroughly, in the control group, tow
gel foam pieces sunken in normal saline applied, while in
the study group; gel foam +10 mg simvastatin powder
combination applied in the sockets, to fill the entire
socket cavity. The two-sided flap replaced, sutured with
3:0 black silk suture by simple interrupted suturing. Intra
oral dressing and postoperative instructions performed.
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RESULTS

Surgical difficulty

The surgical difficulty evaluated according to two
concepts (Table 1 and Figure 1).

• Surgical technique.
• Operation duration.

Table 1: Distribution of surgical difficulty in control and study group.

Variable Control group Study group P-value

Value Value

f % f %

Surgical technique Low 4 23.5 4 26.7 0.988 (N.S)

Moderate 6 35.3 3 20

High 7 41.2 8 53.3

Operation duration Low 4 23.5 2 13.3 0.199 (N.S)

Moderate 7 41.2 8 53.3

High 6 35.3 5 33.3

Total 17 100 15 100

f= frequency, %=
percentage, low=1,

moderate=2,
difficult=3, N.S.= Non
significant, P-value=

Chi square.

Figure 1: Surgical difficulty.

Pain distribution

Pain records according to numerical pain rating score 
collected depending on patients evaluation extending 
from (0-10) depending on pain intensity felt by patients 
them self's during seven days post operation. The means 
of two readings daily of the patient’s pain score 
distribution in the study and control groups for seven 
days explained in (Table 2 and Figure 2).

Descriptive statistics Paired sample t-test

Days Control group Study group T DF P-value

Mean Mean

1 4.2 3.7 2.288 14 0.038 (S.)

2 5.7 5.2 1.883 14 0.081 (N.S.)

3 5 4.5 3.24 14 0.006 (S.)

4 3.8 3 4.125 14 0.001 (S.)

5 2.8 1.7 4.041 14 0.001 (S.)

6 1.8 0.4 3.374 14 0.005 (S.)

7 0.1 0 1.74 14 0.104 (N.S.)

NS=Non-significant, S=Significant, T=t-test, DF=Degree of freedom
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Figure 2: Study and control pain.

Table 3: Means of bone density.

Bone density

In this study, the bone density for each group depended 
on to be the mean of bone densities of the total patients 
in each group, as shown in (Table 3), and explained in 
(Figure 3). Table 3 shows that the mean bone density in 
study group is higher than in control group 
(mean=486.7), there are significant differences in bone 
density between control and study group.

Descriptive statistics Paired sample t-test

Variables Control group Study group T DF p-value

Mean 327 486.78 -8727 14 0.00 (S.)

Minimum 251.2 403.6

Maximum 361 620

S=Significant, P-Value= T-test, DF=Degree of freedom

Figure 3: Bone density mean.

DISCUSSION

Surgical extraction of the MTM is one of the most 
common surgical procedures performed in the oral and 
maxillofacial departments [19]. Bone loss comes as an 
inevitable consequence of tooth extraction that is the 
result of changes in physiological status of bone [7]. The 
best time to preserve the alveolar ridge is at the time of 
extraction. Bone preservation can prevent 40%–60% of 
the jaw bone atrophy that normally happens 2–3 years 
after tooth extraction and continues at a rate of 
15%-25% per year until death [20].

Discussion of difficulty

The evaluation of surgical difficulty in this study derived 
from Pernambucu index; this study use two variables to 
measure the Intra operative surgical difficulty.

Surgical technique

This variable measure difficulty according to surgical 
technique, the technical actions employed for extraction. 
The difficulty in this measurement located in three levels 
have their statistical scale; when the surgeon use elevator 
alone considered as (low=1), when the surgical 
procedure requires osteotomy represented as 
(moderate=2) and when the surgical procedure requires 
osteotomy and tooth sectioning considered as (high=3). 
In this study difficulty according to surgical technique 
percent low=25%, moderate=28.1% and high=46.9%. 
There are no significant differences in surgical technique 

variable between control and study group (p-
value=0.988).

Surgery duration

According to this variable, surgical difficulty assessed in 
relation to the time elapsed between incision and wound 
suturing, so the surgical duration ranged between less 
than 15 min which represented as (low=1) to more than 
30 min which represented as (high=3). The mean of 
operation duration is 2.16, which represent as difficult 
(high). In this research the percentage of difficulty of 
surgical duration is; easy=18.8%, moderate=46.9% and 
high=34.4%. The duration of surgery depended on; 
patient's co-operation, instruments, and equipment’s 
used, operator experience and different surgical 
accessibility of patients. There are no significant 
differences in surgical technique variable between 
control and study group (p-value=0.199).
Pernambuco, (2017) mention that, the surgical difficulty 
according to the technique and duration, considered high 
when both of them are high, or when be high and 
moderate considerably. According to (Table 1), the 
maximum percentage and frequency in the surgical 
technique were in high score. In addition, that was right 
to the moderate score of the operation duration variable. 
So, in general, the surgical difficulty considered high for 
the study and control groups of the study sample.

Discussion of pain

Numerical pain score, which filed by patients themselves 
including two readings daily for seven days, the mean of 
these two readings considered the pain record for that 
day. The NPS scaled from (1-10) to represent the pain 
intensity. These pain intensities divided to six levels 
showed in (Appendix II). Pain records started at the day 
of operation at 2 pm and 10 pm, and continued at 10 am 
and 10 pm for the other six days. According to these 
records, the pain increased dramatically at the first day 
and reached its peak value at the second day. Then the
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pain records reduced gradually until the sixth and
seventh days when the pain disappeared, and that is right
for all the patients in the study sample. For the study
group, the means of pain records started postoperatively
at score 3.7, at the second day elevated to be 5.2 and
reduced gradually (4.5, 3.0, 1.7, 0.4) to end with (0.0) at
the seventh day. While in the control group, the means of
pain records started postoperatively at score 4.2, at the
second day elevated to be 5.7 and reduced gradually ( 5.0,
3.8, 2.8, 1.8) to end with (0.1) at the seventh day this
results presented in (Table 2 and Figure 2).
As showmen in table (3-5), there are significant
differences between pain records in control and study
groups in first day (p-value=0.038), third day (p-
value=0.006), fourth day (p-value=0.001), fifth day (p-
value=0.001) and sixth day (p-value=0.005). While there
are no significant differences between pain records at
second day (p-value=0.081) and seventh day (p-
value=0.104).
The outcome of the previous results of pain measures
represent that the mean pain values of control group
higher than of study group. The researcher idea about
these results is due to the anti-inflammatory effect of
simvastatin that’s mentioned previously in the discussion
beginning. This supported by the studies of Anil, Anisha&
et al [21]. Also Toh, Hernandez-Diaz [22] in their studies
mention the simvastatin role in lowering of pain
intensity.

Discussion of bone density

Statins enhancing endogenous bone formation and
increase bone density Mundy et al [23]. Statins can
promote osteogenic and non-osteogenic cells
differentiation, via stimulation of BMP-2 and VEGF
resulting in bone tissue formation [24,25]. This study
tries to evaluate the effect of simvastatin on bone
formation, by measuring the bone density in the sockets
of MTM after three months. This done by CBCT, and
compare these results (in the study group) with the
results of the control group.
The bone density was measured at three month
postoperatively, as mean of five pointes readings of VV
(Voxel Value)in the socket; (Top (coronal) 2 pointes,
Middle 2 points and one point at the apical area of the
socket) ,calculated to be depended as mean bone density
of the new formed bone in the socket. This reading shows
elevation of bone density in the study group (486.78vv),
when compared with that of control group (327.00vv).
There are significant differences between control and
study groups in bone density (p-value=0.00) (Table 3 and
Figure 3).
These readings were the mean values of bone densities of
each group, and clearly reflect the effect of simvastatin on
new bone formation. Several studies aid these results,
[26] and Syedand et al. [27] mention that local
application of simvastatin with suitable delivery system,
in therapeutic dosages for bone formation with virtually
no side effects.

Also, several studies used simvastatin locally with
carriers, such as gelatin sponge, collagen sponge,
collagen matrix, etc. for successful local delivery.
Drocourt, et al. [28] and Borton, et al. [29]. Nearly all the
studies on local application of simvastatin for bone
defects augmentation give positive results regarding its
efficacy on bone formation, Wong et al. [30] and
Drocourt, et al. [28] found 308% more new bone
formation in defects of parietal bone grafted with
simvastatin.

CONCLUSION

Local application of simvastatin induces bone tissue
formation in the extracted mandibular third molar
sockets. It helps in reducing postoperative pain in the
study group when compared with control group. Use of
Gel foam as a carrier eases the manipulation of local
application. Larger study sample, longer follow up time
and split-mouth study design preferred to confirm the
results.
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