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ABSTRACT

Objective: The aim of this study was to assess the effect of local application of 10mg simvastatin on bone healing in
mandibular fractures.

Methodology: Participants with anterior mandibular fractures were randomly assigned into the two groups of
this partially-blinded randomized clinical study. The mandibular fractures were managed via standard technique.
Simvastatin-loaded gelatin sponge was locally applied along the fracture line after open reduction and internal
fixation and before suturing in the study group. Only saline with gelatin sponge was used as a placebo in the control
group. Participants were radiographically followed up after 1 week, 2 months, and 4 months. CBCT images were used
to measure grey-scale values, and to indicate fracture union at the 2-month and 4-month follow-ups.

Results: 24 anterior mandibular fractures (n=24) were included in all stages of this study. Mean participants age
was 30.8 (# 11.7) years. Comparisons showed significant differences in mean grey-scale values at 2-month (P=0.022)
and 4-month (P=0.009) follow-ups between the simvastatin and control groups. Differences regarding fracture union
between the simvastatin and control groups were insignificant after 2 months (P=0.273), but significant after 4
months (P=0.003).

Conclusion: It can be concluded that local application of 10mg simvastatin with gelatin sponge carrier along the
fracture lines may hasten the bone healing in mandibular fractures.
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stimulating effects on increasing the speed of fracture
healing were also studied [7,8]. Local application of
BMPs has shown enhanced fracture healing process
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INTRODUCTION bone regeneration and osteoinductive properties

[12,13]. Hereby, this study aimed to assess the effect of

The mandible is the largest and strongest facial bone, local delivery of simvastatin on the bone healing quality

nevertheless it is more frequently fractured than any in the management of anterior mandibular fractures.

other part of the maxillofacial skeleton [1,2]. 40 to

62% of all facial fractures are mandibular fractures METHODS

[3]. Anterior mandibular fractures were often reported

to be the most common mandibular fracture sites [4]. A total of 24 participants with mandibular fractures

Healing of these fractures in the best and fastest ways were enrolled in this prospective partially-blinded

is the goal of every oral and maxillofacial surgeon when randomized clinical trial. Patients were selected from

managing such cases. Many studies have been conducted the cases admitted to the Emergency department of

a university hospital (Damascus, Syria) in the period

to evaluate speeding-up the fracture healing by local
between Apr 2019 to Dec 2020. The Research Ethics

and systemic use of a range of items, e.g,, vitamin D,
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Committee of Damascus University granted its approval
to conduct this clinical research (registration no. 2019-
1000). Before being included in this trial, all patients
signed informed consent form. Inclusion criteria included
the followings: 1) mandibular fracture at the symphysis
or para symphysis; 2) no signs of infection at the
fracture site; 3) age of more than 18 years. Comminuted
fractures, edentulous fractures, pathological fractures,
and gunshot injuries were excluded. Moreover, patients
with medical contraindication, osteoporosis, any
systemic problem that may interfere with bone healing,
or patients currently under systemic lipid-lowering
statin-class treatment were also excluded. Every patient
had a comprehensive clinical examination as well
as detailed history taking. A preoperative computed
tomography (CT) imaging was acquired to demonstrate
the extent of the fracture line, the degree and direction
of displacement, and the relationship of teeth included
in the fracture line. All surgeries were carried out by the
same surgeon and operative team.

Patients were randomly assigned into two groups i.e,,
study and control groups. Randomization was performed
using a computer-generated random number list. All
included fractures (in both groups) were managed by
open reduction and internal fixation (ORIF) via standard
technique under general anesthesia and nasotracheal
intubation. Intraoral approach was mainly used to expose
the fractured bone through vestibular incision. However,
extraoral approach was performed only if trauma-related
skin laceration existed. Patients were kept unaware to
which group they were allocated. Simvastatin tablet (10
mg; Simvastatin Normon, Laboratorios Normon, S.A.-
Madrid, Spain) was dissolved in 2 ml saline solution and
dripped onto a piece (4x2x1cm) of sterile absorbable
gelatin sponge (GelSpon® “Bovine Origin”, Eucare
Pharmaceuticals Limited- Chennai, India) as a carrier.
Local application of a simvastatin-impregnated gelatin
sponge along the fracture line after internal fixation and
just before suturing was done in the study group. While
only saline with gelatin sponge was used as a control.
For all patients, intermaxillary fixation was applied
intraoperatively and left for 1 week after. Surgical
wound was closed in layers using polyglactin suture
material and with nylon suture material for the most
superficial stitches on the mucosa or skin. Sutures were
removed after 1 week for intraoral sutures, and 5 days
for skin stitches. Duration of each surgery was measured
from the moment of making the incision to the time
of wound closure. Postoperative medical prescription
consisted of antibiotics (intramuscular ceftriaxone 1g
twice/day for 5 days), non-steroidal anti-inflammatory
drugs (intramuscular diclofenac 75mg twice/day for
5 days), and chlorhexidine 0.12% mouthwash for 10
days. Postsurgical instructions also included strict
instructions regarding oral hygiene and to follow soft
diet for 3 weeks.

Patients’ follow-ups were 1 week, 2 months, and 4
months after surgery. In these follow-up visits, cone-
beam computed tomography (CBCT) images were made.

All images were taken using the same CBCT device (PaX-
i3D Green; Vatech Co. Ltd.) and exposure parameters
(98 kVp, 11.4 mA, and FOV: 12x9 cm). CBCT data were
extracted as digital imaging and communications in
medicine (DICOM) files. DICOM data were transformed
to Ez3D Plus software V 1.2.6 (Vatech Co. Ltd. Gyeonggi-
do, South Korea). In order to measure grey-scale values,
as an indicator for bone density, a profile line was drawn
along the fracture line twice on two sequent thin (1
mm) slices of the axial plane. The mean value of these
profile lines was used as indicator of fracture line’s bone
density at each follow-up. Fracture union was another
radiographic variable observed at the 2-month and
4-month follow-ups. This was identified by fracture
line absence or the presence of anatomical continuous
structure at the fracture site [14]. The process was
standardized by measuring and fixing the distance and
the angle of the profile line in relation to a reference
line. All grey scale values measurements were done
in standard fixed area of the fracture between the two
ORIF mini-plates. The patient head position was also
standardized in coronal, axial, and sagittal planes, so we
ensure the reproducibility of image in the 3 follow-up
timepoints.

Data were collected and presented as frequencies and
mean = standard deviation (SD). Statistical analyses
were performed using t-tests and chi-square tests with
SPSSversion 19 (IBM Corp., Armonk, NY, USA). Statistical
significance was set at P<0.05.

RESULTS

Out of 53 patients with mandibular fractures that were
initially evaluated, 36 patients were allocated to the
study and control groups (Figure 1). After receiving
the surgical intervention, 5 participants were lost to
follow up and 7 were excluded from the study due to
titanium plates proximity and/or screws angulation
in ways that methodologically interfere with bone
density measurements. Only 24 patients, 20 males
and 4 females, with 24 anterior mandibular fractures
(n=24) were included in all phases of this randomized
clinical trial. Mean patients age was 30.8 ( = 11.7) years.
Patients’ demographics and fractures’ characteristics
are presented comparing the two study groups (Table 1).

Inter-group comparison showed no significant
differences in mean grey-scale values at baseline one
week after ORIF surgery between the simvastatin
and control groups (P=0.826). The differences in the
bone density measurements between the two groups
were statistically significant at 2-month (P=0.022) and
4-month (P=0.009) follow-ups. Differences regarding
fracture union between the simvastatin and control
groups were insignificant after 2 months (P=0.273), but
significant after 4 months (P=0.003).

DISCUSSION

Healing fractures in the shortest possible period of
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Assessed for Eligibility
(n=53)

Excluded (n=17)
- Not meeting inclusion criteria (n=14)
-Declined to participate (n=3)

Randmized (n=36)

Allocated to simvastatin
group (n=18)

Allocated to placebo
group (n=18)

Follow-up (n=12)

-Lost to follow-up (n=2)
— -Uninterpretable follow-up images;
Proximity of fixation plates and/or
angulation of screws left insuffecient
space to study the bone (n=4)

Follow-up (n=12)

-Lost to follow-up (n=3)
—— -Uninterpretable follow-up images;
Proximity of fixation plates and/or
angulation of screws left insuffecient
space to study the bone (n=3)

Analyzed (n=12)

-Excluded from analysis (n=0)

Analyzed (n=12)

-Excluded from analysis (n=0)

Figure 1: Flowchart of this randomized clinical trial.

Table 1: Participants characteristics and study results.

Characteristic Simvastatin Group (n=12) Control Group (n=12) P-Value Total (n=24)
Age (years) t 303115 31.3+12.3 0.826* 30.8+11.7
Gender ¥ 1.000**
Male 10 10 20
Female 2 2 4
Fracture type/side ¥ 0.403**
Symphysial 2 4
Right parasymphysial 7 11
Left parasymphysial 3 9
Fracture displacement # 0.219**
Displaced 7 11
Non-displaced 5 13
Etiology of fracture * 0.801**
Fall 5 9
Road traffic accident 6 12
Assault 2 1 3
Surgical approach 0.537**
Intraoral 11 10 21
Extraoral 1 2 3
Surgery duration (min) * 65.3+4.7 63.9+5.4 0.525* 64.6+5.0
Bone density measurements T
Grey scale values- 1w 896.9 + 173.7 917.3 £265.8 0.826* 907.1+219.8
Grey scale values- 2m 1283.6 £310.2 1001.7 £ 245.6 0.022* 1142.6 £ 309.2
Grey scale values- 4m 1587.4 £299.1 1220.1£324.8 0.009* 1403.8 £358.4
Fracture union-2m ¥ 0.273**
Yes 3 1 4
No 9 11 20
Fracture union- 4m ¥ 0.003**
Yes 8 1 9
No 4 11 15

tExpressed as mean * SD; ¥Expressed as frequency; *Analyzed by independent t-tests; **Analyzed by Chi-square tests; SD=standard deviation;
min=measured by minutes; 1w=baseline measurement at 1 week after surgery; 2m=2-month follow-up; 4m=4-month follow-up
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time is important in the context of providing better
treatment services for every patient with maxillofacial
trauma. Various methods have been used to promote
early bone healing of mandibular fractures. The medical
literature includes numerous articles regarding the
applications of bone tissue engineering in the delivery
of bone morphogenetic proteins (BMPs) and vascular
endothelial growth factor (VEGF), two growth factors
that have been extensively investigated for their use
in bone regeneration [9,15-17]. However, these are
costly agents with a relatively short half-life, and they
are not easy to be processed in appropriate scaffolds
and carriers as required for bioactivity [18]. Therefore,
small-molecule less-expensive drugs that can be applied
and released with aid of long-lasting carriers to stimulate
production of BMPs and VEGF are highly valuable in the
fields of tissue engineering. These include simvastatin, a
lipophilic statin that can easily permeate cells and make
its effects at tissue levels [10].

Systemic administration of simvastatin affects the entire
body, and its bioavailability rapidly decreases due to
hepatic metabolization with low concentration reaching
the target tissue [19]. Only less than 5% of statin oral
dose reaches circulation and therefore its distribution
into bone microenvironment is negligible [20]. Local
administration avoids simvastatin hepatic metabolism
and reduces risks of drug toxicity [21]. Administration
of simvastatin via carriers, such as gelatinous sponges,
allows for gradual release of the drug maintaining its
bioavailability at the fracture site for a longer period of
time. It was observed that locally applied statins were
50 times more active than oral administration and
had worthwhile osteo-inductive effect [22]. However,
and to the best of our knowledge, no previous clinical
studies have examined the effect of topical simvastatin
application on mandibular fractures healing.

There are no ideal synthetic or biological carriers for
local administration because they can be affected by
the surrounding microenvironments, and inflammatory
reactions leading to rejection can be developed [23].
Nevertheless, many scaffolds or carriers have been
used for local application and releasing of statins
including: gelatin sponge [24,25], collagen matrix [26],
methylcellulose gel [27], and hydroxyapatite /poly(lactic-
co-glycolic acid) microspheres [28]. In the present
study, gelatin sponge was chosen because it is highly
biocompatible, bioabsorbable, and easily adaptable
[25]. Slow releasing of simvastatin via this carrier is
also very important to eliminate clinical signs of the
potential inflammatory reaction. Stein et al. found less
inflammation was associated with reduced simvastatin
dose [29].

In this study, CBCT imaging was used to assess bone
healing at the fracture line as it was considered safe,
accurate and reproducible imaging technique [30].
CBCT clearly outperforms other dental imaging
techniques, and is considered an excellent tool for
viewing anatomical bony structures in three dimensions
[31,32]. It also provides high image resolution and good

pixel/noise ratio [33]. It was not recommended to use
grayscale values of CBCT to assess bone density as an
absolute value [34,35]. CBCT was known to be unable
to provide Hounsfield unit (HU) measurements [33,34].
However, several authors have argued that the grayscale
values of CBCT could be similar to HU [36,37]. In the
present study, the gray scale values of the fracture line
on standardized CBCT images were compared between
the study and control groups. This eliminated the need
for absolute values. Comparison of grayscale values in
CBCT is suitable and safe alternative to histological study
to assess the amount of new formed bone [38].

[t is known that the bone healing process and the related
post-operative symptoms can greatly be influenced by
many factors such as the experience of the surgeon,
surgery duration, patient’s characteristics and medical
prescription [39,40]. In this study, the surgical procedure
was performed by the same surgical team for all patients,
no significant differences were found between the
two groups in age and gender variables, and the same
antibiotic was prescribed to all participants in order to
control and neutralize the effect of these factors on the
study results. Moreover, no significant differences were
found in fracture type, etiology, surgical approach and
duration (Table 1).

This study was conducted due to the increasing
incidence and prevalence of maxillofacial injuries and
fractures worldwide and especially in Syria [41,42].
This necessitated finding easy, inexpensive and safe
ways to speed up bone healing. The results showed that
there were statistically significant differences in the
gray scale values of the fracture line after two months
and after four months between the two study groups.
Moreover, significant differences were found in fracture
union after four months between the two groups. These
results indicate a positive effect of local administration
of simvastatin (10 mg) in accelerating the healing of
mandibular fractures.

Here, we agree with a previous randomized clinical study
concluding that the application of 10mg simvastatin
via gelatin sponge has a positive effect in the healing
of periapical lesions [43]. The results were also in line
with Degala and Bathija, et al. who conducted a split-
mouth randomized clinical trial, and found that local
application of simvastatin was effective in stimulating
and accelerating bone regeneration after surgical
extraction of impacted third molars [13]. Furthermore,
Saifi, et al. found that simvastatin promoted healing of
premolar extraction sockets [24]. This, to our knowledge,
is the first clinical study showing the effect of topical
simvastatin application on mandibular fractures healing.

This study had few methodological limitations. First,
complete investigator blinding was not possible because
simvastatin-loaded gelatin sponge can easily be detected
by the surgical team during surgery. However, this
trial was partially blinded via patient and statistician
blinding to reduce risk of bias. Also, many patients with
mandibular fractures could not be included in this study
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as shown in the flow chart. Those mainly had war-related
injuries and comminuted fractures that were left out of
the study eligibility criteria. Thus, our results may not
necessarily be generalizable to all types of mandibular
fractures.

CONCLUSION

Within the limitation of this study, it seems that local
delivery and sustained release of simvastatin along the
fracture line may hasten the bone healing in mandibular
fractures.
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