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INTRODUCTION:                                                                 

  Restoring function with longevity of service while 
planning prosthetic restoration in the posterior maxilla 
is considered one of the major challenging areas in oral 
implantology. Several anatomic limitations could be 
faced during rehabilitation of posterior maxilla such as 
deficient alveolar bone height, the shape of the palate 
and pneumatized maxillary sinus. In addition, the 
quality and quantity of remaining maxillary bone in the 
posterior area is deficient by nature. Furthermore, the 
thinner cortices of compact bone with minimal strength 
also affect the implant placement at this region. [1]

Pneumatization of these sinuses add an additional 
confront by decreasing the vertical and horizontal bony 
components compromising the implant positioning. 
Therefore, several techniques were introduced to 
overcome the lack of alveolar bone height. Among these 
procedures is sinus lifting either via lateral or crestal 
approaches, which gives answers to those limitations 
and helps in restoring the masticatory function. [2]

Applying grafting material to augment sinus lifting 
necessitate certain properties that ideally needed to 
achieve the needed results such as osteogenicity, 
osteoinductivity, osteoconductivity, biocompatiblity 
and volumetrically stable to provide an enough 
healthy bone to insert implant subsequently. [3]

Variety of materials have been used to solve this problem. 
Autogenous bone graft is considered the gold standard 
because of its high biocompatibility, osteogenic property 
osteoinductive, osteoconductive and good clinical 
outcomes. [4] But, the harvesting of autogenous bone carries 
more risks of morbidity and discomfort. [5] Deproteinized 
bovine bone was frequently used for sinus lifting. This 
type of grafts has physical properties very similar to those 
of the human bone. This aids in inducing physiological 
bone remodeling with significant bone gain. [6] The 
increase in biocompatibility of this material is because of 
its preparation, which eliminate the organic components 
and preserving the inorganic followed by sterilization 
by heat and irradiation. [7] As a patient centered outcome 
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by reducing the time needed the process of bone healing 
that can be achieved by rapid degradation of the bone 
substitute. [8] 

Based on this concept, the addition of different biological 
materials, to speed up the healing process was utilized. 
[9] The main purpose is to ensure adequate protein 
concentrations at the defect site helping osteocytes to 
migrate, proliferate and differentiate. [10] Through this 
idea, composite biosynthetic grafts consisting of an 
osteoconductive carrier combining with osteogenic cells 
and/or growth factors became a target in choosing a better 
bone substitute. [11] Composite synthetic grafts offer an 
alternative for the shortcomings found with autografts 
and can hypothetically gain the three essential principals 
of bone-regeneration which can lead to more effective 
combination. [11]

Simvastatin is a synthetically derived substance after 
fermentation of Aspergillus terreus. It is the main 
component of lipid-lowering medication which used 
orally in patients suffering from hypercholesterolemia 
and hyperlipidemia. it has numerous benefits. One of 
them is its anabolic effect on bone and prevention of bone 
resorption. Furthermore, it has anti-inflammatory effects 
and can promote osteoblastic differentiation by increasing 
the expression of vascular endothelial growth factor 
(VEGF) in the osteoblasts. [12] Numerous studies approved 
its promising outcome on rats and dogs in inducing 
new bone formation in regenerative procedures. [13- 17]

On the other hand, hyaluronic acid, which is a non-sulfated, 
linear polysaccharide composed of repeating disaccharide 
units of glucuronic Acid-N-acetyl D-glucosamine, showed 
the same results. It is the main components of the extra 
cellular tissue and fluid. This natural polymer has excellent 
biological properties. [18] Hyaluronic acid considered 
as a one of the major glycosaminoglycans that plays 
an important role in increasing the differentiation and 
migration of the mesenchymal cells into osteoblasts which 
enhance the bone formation. [19] 

Dogan et al in 2017, [20] confirmed the premise of sinus 
augmentation by adding hyaluronic acid to collagenated 
heterologous bone graft. They proved the enhancement 
of bone formation when comparing this mixture with 
the same type of graft alone in the initial healing 
phase. They worked on a thirteen healthy patients who 
required a bilateral two-staged maxillary sinus lifting. 
On comparing the test and control groups, there was a 
significant higher percentage of newly formed bone in 
the study group after a healing period of four months. [20]

Furthermore, Histological analysis was considered a gold 
standard to confirm the results of bone formation in most of 
published human sinus augmentation studies. [38]  The purpose 
of Histologic evaluation is to understand the interactions 
that occur between the bone and the graft. Utilizing the Cone 
beam computerized tomography and the clinical evaluation 
in comparing the success of bone grafting following 
sinus evaluation proved successful in recent studies. [39,40]

So, this study was designed to assess and com¬pare the clini-
cal, histological and radiographical variations of bone graft 
mixed with hyaluronic versus Simvastatin when combined 
with beta trical¬cium phosphate as osteoconductive and os-
teoinductive mate¬rials in maxillary sinus augmentation. 

MATERIALS AND METHODS                                                                          

Twenty patients with a free end saddle posterior maxilla 
or partially edentulous condition participated in a random-
ized control trial. Two groups of patients were randomly 
assigned to each other. Both groups had the maxillary sinus 
open lifting operation and augmentation with either combi-
nation of simvastatin1 and β-TCP2 (group A or hyaluronic 
acid gel3 mixed with xenograft4 (group B).  Throughout 
the study, the study was double blinded which is means 
the participants and outcome assessors were kept blind. 
All patients were selected using the following criteria:
All cases had insufficient alveolar bone height in the eden-
tulous posterior maxilla (available bone ≤ 5mm) which 
were seeking implant placement. All patients must be free 
from any antral pathosis and/or systemic diseases that may 
interfere with the normal bone healing which could affect 
the prognosis.

All patients were clinically examined and enrolled in the 
study according to the inclusion criteria. Preoperative Cone 
beam computer tomography (CBCT) was performed for 
all selected patients to measure the amount of the residual 
bone height available in the edentulous posterior maxilla 
from the crest of the ridge to the floor of the sinus. Each 
patient in both groups received a fabricated study model 
and radiographic stent. During the second stage of surgery, 
the radiographic stent was converted into a surgical stent 
for implant insertion. 
Open sinus lifting procedure (for both groups)
Un¬der local anaesthesia 5, the surgical procedures were 
performed using infraorbital and posterior superior alveo-
lar nerve block with palatal infiltration. Full thickness mu-
coperiosteal flap was elevated to expose the lateral wall of 
the maxillary sinus. The entrance to the maxil-lary sinus 
was through the lateral window technique. A bone window 
was outlined using a no. 8 diamond bur mounted on straight 
hand piece with copious irrigation (sterile saline solution) 
with cautious taken to not penetrate the sinus membrane. 
The process of bone removal was done  through the cortical 
bone to reach the membrane without perforation. Complete 
osteotomy along the boundary of the osseous window un-
til the Schneiderian mem¬brane. The Schneiderian mem-
brane was carefully elevated till the desired height. Fig(1)

Figure (1): clinical image during open sinus lateral window
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Preparation of β.TCP- Simvastatin complex: (group A)
• Simvastatin1 powder was liquefied in 97% ethanol. Then 
the solution was added to the β-TCP 2 powder using a 
dropper. Each gram of β-TCP2 received a total of 7.21 mg 
of Simvastatin1. The entire procedure was carried out in 
a completely sterile condition using a laminar flow hood. 
The Simvastatin1- β-TCP2 complex was used to obturate all 
the new available volume after being hydrated with saline. 
Then the window was covered using a resorbable collagen 
membrane. Finally, the flap was re-position and sutured 
using 4/0 resorbable vicryl suture.

hyaluronic acid gel mixed with xenograft (group B): 
Xenograft 4 was mixed with hyaluronic acid 3 followed by 
the protocol of graft packed and compacted inside the an-
trum until the new available volume created was filled. The 
lateral window was filled with the hyaluronic acid gel as a 
barrier before flap closure. Fig (2)

Figure (2): apllication of the HA xenograft mixture in 
side the lifted sinus.

Postoperative care: 
 suture removal and wound inspection were performed 7 
days following the surgery. Postoperative instructions and 
medication including Hibiotic 1g 6 (2 tablets per day for 
7 days), Brufen 600mg 7 (2 tablets per day- 7 days) and 
Otrivin nasal drop 8 (2–3 drops every 12 h for 7 days) were 
prescribed for the patients. All Patients were exam¬ined 
clinically every week for the first month, then at 3, 6 months. 
Radiographic evaluation postoperatively: fig (4,5)
Postoperative CBCT radiographs were used to evaluate 
each patient 1 week and 6 months to assess the bone graft 
and prior to the second stage surgery. all radiographs were 
done using the same machine and same exposure param-
eters. Image reconstruction was performed using special 
software 9. Radiographic evaluation was used to assess 
the bone quantity gained after augmentation. All measures 
were recorded in 1 week and 6 months postoperatively. 
Those measures were performed at the highest point of 
new sinus floor level using a millimeter scale present in 
the software.

Figure  (4):  panaromic view after 6 months (group A)

Figure  (5): panaromic view after 6 months (group B)

Second stage surgery:
After 6-months of surgery, the preparation for implant 
placement was planned. first local analgesia was adminis-
tered followed by crestal incision and a full thickness mu-
coperiosteal flap elevation. At second-stage surgery, core 
biopsies were collected fig (3), guided by the transparent 
acrylic stent which was used in the first stage surgery be-
fore implant installment. By 3mm diameter trephine bur, 
the collection of the samples was done through transcor-
tical bone from the previous grafted sinuses. The drilling 
depth was calculated first from the CBCT to guarantee the 
involvement of both newly formed bone and native bone 
inside the core biopsy. 

Figure (3): clinical image showing specimen collection 
by triphine

Specimen processing:
The specimens were immediately fixed in 10% buffered 
formalin for 1 week, then decalcified and processed ac-
cording to a standardized protocol in 10% diluted formic 
acid then subsequently dehydrated in a series of increasing 
alcohol concentrations followed by xylol.  Then all sam-
ples were embedded longitudinally into paraffin blocks and 
oriented in a standardized way for labelling. Sections of 
4µm thicknesses were cut in a longitudinal plane using mi-
crotomes (leica, watzlar, Germany). Sections were stained 
using Masson Trichrome stain for histological analysis. Fig 
(6,7)

Figure (6): histomorphometric image after specimen col-
lection from group B
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Figure (7); histomorphometric analyssi of a specimen 
collected from group

The implant was tightened using torque wrench. So the 
intra-osseous portion of implant was completely inserted 
sub-bony level. Finally, the flap was re-approximated 
into position and sutured using 3/0 vicryl suture. Fig (8)

Figure (8): preapical x-ray after 3 months after implant 
installment.

Post-operative care 
After three months of osseo-integration, the abutments 
were attached to the fixture and prosthetic rehabilitation of 
the teeth was performed.

Statistical Analysis
 Numerical data was analyzed for normality by inspect-
ing the distribution of data and using tests of normality 
(Kolmogorov-Smirnov and Shapiro-Wilk tests). All data 
showed normal (parametric) distribution. Data were pre-
sented as mean and standard deviation (SD) values. Stu-
dent’s t-test was used to compare between the two groups. 
Repeated measures ANOVA test was used to compare bone 
height measurements in the two groups as well as to study 
the changes by time within each group. Bonferroni’s post-
hoc test was used for pair-wise comparisons when ANOVA 
test is significant. Qualitative data were offered as frequen-
cies and percentages. Fisher’s Exact test was used for com-
parisons between the groups. The significance level was 
set at P ≤ 0.05. Statistical analysis was accomplished with 
IBM SPSS Statistics for Windows, Version 23.0. Armonk, 
NY: IBM Corp.

RESULTS                                                           

Twenty patients were enrolled in the current study, ten pa-
tients per each group. Clinical results revealed complete 
healing in all cases without any complications of the surgi-
cal site with rapid resolution of postoperative inflamma-
tion.

Demographic data:
There was no statistically significant difference between 
mean age values in the two groups. There was also no statis-
tically significant difference between gender distributions 
in the two groups. 

Table 1 : Mean, standard deviation (SD), frequencies (n), 
percentages and results of Student’s t-test and Fisher’s Ex-
act tests for comparisons of demographic data in the two 
groups . 

Group I
(n = 10)

Group II
(n = 10)

P-value

Age (Years)

Mean (SD) 40.3 (5.7) 41.9 (5.3) 0.525

Gender 
[n (%)]

Male 5 (50) 7 (70) 0.650

Female 5 (50) 3 (30)

*: Significant at P ≤ 0.05

Percentage of mature bone:
Group I showed statistically significantly higher mean per-
centage of mature bond than Group II (P-value = 0.001, 
Effect size = 1.77). 
Table 2 : Mean, standard deviation (SD) values and results 
of Student’s t-test for comparison between percentage of 
mature bone in the two groups

Group I
(n = 10)

Group II
(n = 10)

P-value Effect 
size (d)

Mean SD Mean SD

37.4 4.2 28.8 5.5 0.001* 1.77

*: Significant at P ≤ 0.05

Bone height measurement (mm)
There was no statistically significant difference between 
mean bone height measurements in the two groups preop-
eratively (P-value = 0.407, Effect size = 0.039).
Post-operatively; Group I exhibited statistically signifi-
cantly higher mean bone height measurement than Group 
II (P-value <0.001, Effect size = 0.631). According to the 
changes by time within each group, there was a statistically 
significant increase in mean bone height after 6 months in 
both groups (P-value <0.001, Effect size = 0.939) and (P-
value <0.001, Effect size = 0.852), respectively.
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Comparison between amounts of bone gain in the two groups revealed that Group I showed statistically significantly higher 
mean amount of bone gain than Group II (P-value <0.001, Effect size = 2.054).

Table: Descriptive statistics and results of repeated measures ANOVA test for comparison between bone height measure-
ments (mm) in the two groups, the changes by time within each group and Student’s t-test for comparison between amounts 
of bone gain in the two groups

Time Group I
 (n = 10)

Group II
(n = 10)

P-value Effect size (Partial 
Eta Squared)

Mean SD Mean SD

Pre-operative 3.83 0.59 4.11 0.86 0.407 0.039

6 months 12.95 1.55 9.68 1.04 <0.001* 0.631

Amount of bone gain 9.13 1.81 5.57 1.65 <0.001* 2.054

P-value <0.001* <0.001*

Effect size (Partial 
Eta Squared)

0.939 0.852

*: Significant at P ≤ 0.05

Figure: Bar chart representing mean and standard deviation values for bone height measurements and amounts of bone gain 
in the two groups.
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By histological analysis of the collected sections, the mature 
bone tissue and osteoid tissue were evaluated in relation to 
the total surface area. Masson Trichrome stained sections 
showed, after a healing period of 6 months, an irregular 
newly formed bone trabeculae showing mineralized areas 
stained red, while the unmineralized areas are stained blue. 
(MT x 200 magnification, scale bar:100 mm)

DISCUSSION:                                                                   

Insufficient residual alveolar bone height is a common 
limitation for placement of dental implants in posterior 
maxilla. However, this problem is exaggerated when a 
coincidence of both resorbed alveolar ridge and maxillary 
sinus pneumatization occurs. Therefore, Maxillary sinus 
lifting and augmentation utilizing various grafting materi-
als is considered one of the effective solutions that allow 
restoring the lost bony structure in the posterior maxilla 
that ensure a long-term success at implant sites. [21-24]

In the current study, the open sinus procedure was 
per¬formed during sinus elevation augmentation sur¬gery. 
We utilized the lateral window technique, which was 
proved in previous studies, to be the suitable technique in 
cases of massive loss of alveolar bone in posterior maxilla. 
[25,26] This technique allows the placement of a sufficient 
amount of the graft material into the sinus with direct ac-
cess to the sinus floor while preserving the residual alveo-
lar ridge. The aim of this study was to evaluate the quality 
of bone formation after augmentation of the maxillary si-
nus with two different mixtures of biomaterials compared 
to each other’s before implant installment question through 
the assessment of their effect clinically and radiographi-
cally on remodeling and transformation into new bone.

Hyaluronic acid has been reported to play critical roles in 
a wide variety of biological events such as wound healing, 
chondrogenesis, osteogenesis and immune response. Sa-
saki & Watanabe in 1995, [13] showed that Hyaluronic acid 
can accelerate new bone formation through mesenchymal 
cell differentiation, in a bone marrow ablation model in 
rat femurs. This result proved that Hyaluronic acid pos-
sesses biochemical and physical properties suitable to play 
an important role in the early events of osteogenesis. [33]

Another important study that done by Schwartz et al 2007 
which was performed on the effect of Hyaluronic acid 
clinically in maxillary sinus augmentation. [34] They stud-
ied thirty-two sinus lift procedures in 26 patients. Ridge 
heights were visualized by computed tomography (CT) 
and measured by morphometric analysis at 8 months 
post-surgery. When implants were placed, the amount of 
new bone formed within the bone cores was different de-
pending on the graft material used. They proved that Hy-
aluronic acid, alone or in combination with other materi-
als, can be used successfully for sinus floor elevation. [34]

Mundy et al [35] in 1999 was the first one who discovered 
the direct effect of statins on bone formation. According 
to this study, the use of statins either locally or systemi-
cally, can stimulate bone formation and regeneration. The 
idea of using Simvastatin with β-TCP in this study was 
first used by Rojbani et al [36] who suggested that com-
bining an osteoconductive bone graft as α-TCP, β-TCP 
and hydroxyapatite with simvastatin may activates bone 
regeneration, affects the degradability of the graft mate-
rial and improves bone formation in calvarial defects of 
rats. Another supportive study was done by Gouda et al 
[37] who found that in the simvastatin - β-TCP complex 
group, the amount of bone was significantly higher com-
pared to the β-TCP group , this study also proved the 
safety of using Simvastatin in sinus lifting in humans.

In the current study, sinus lifting was grafted primarily 
then implant placement was performed 6 months later. 
This study was designed to evaluate the bone height by 
using CBCT scans. All sinuses enrolled in this study was 
augmented by either Simvastatin combined with β-TCP as 
group A or hyaluronic acid gel mixed with xenograft as 
group B. By evaluation of both groups after six months, 
there was a statistically significant increase in mean bone 
height when compared to pre-operative measurements. On 
the other hand, by comparing the radiographic results of 
the amounts of bone gain between the two groups after 6 
months, there was a statistically significantly higher mean 
in Group A than Group B. 
The Messon’s Trichrome stain was used to histological 
evaluation. This type of stain is specific for showing the 
osteoid tissue (immature) and mature bone tissue. By his-
tological evaluation of sections stained by MT, we found 
a significant increase in the percentage of matured bone 
tissue in group A more than group B.Even though large 
variety of grafting materials have been tested for maxillary 
sinus floor augmentation in both clinical and experimental 
studies [27-32], this current study was the first that compare 
Hyaluronic acid versus Simvastatin as a grafting mate-
rial for maxillary sinus floor augmentation. So, we can-
not link our finding with other studies. Our results recom-
mended that Simvastatin is clinically beneficial and safe 
alternatives bone grafting materials in cases of maxillary 
sinus augmentation. Further clinical studies are needed 
to evaluate the histological and radiological outcomes of 
Hyaluronic acid and simvastatin, determine the optimal 
therapeutic doses or delivery forms for sinus augmentation 
and the effectiveness for humans for bone regeneration.
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