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ABSTRACT

Dental implant is an effective treatment method for oral rehabilitation. Still, it has to be 
modified because of unfavorable environments such as excessive alveolar bone loss and sinus 
pneumatization. Maxillary sinus grafting is a standard procedure used to correct such unfavorable 
conditions in the posterior maxilla. 

Purpose: to assess and compare changes in height and percentage of Puerarin versus simvastatin 
as osteoconductive materials following sinus augmentation. 

Basic procedures:  twenty patients with edentulous posterior maxilla were selected and 
equally grouped into 2 groups. Both groups underwent antral augmentation using either Puerarin 
on Fisiograft sponge carrier graft (group A) or combination of simvastatin and β-TCP (group B). 
The amount and percentage of bone graft were evaluated radiographically. Assessment occurred at 
period intervals 1-week and 6-month postoperatively. Data were presented as mean and standard 
deviation (SD) values. For non-parametric data, Mann-Whitney U test was used to compare 
between the two groups. Qualitative data were presented as frequencies and percentages. Fisher’s 
Exact test was used for comparisons between the groups. The significance level was set at P ≤ 0.05. 
Main finding: there was decrease in the amount and percentage of bone graft height by 2.5 mm, 
19.7% (for Group A) and 3.2 mm, 22.4% (for Group B) at the end of the 6 months period without 
significant difference in both group (P-value = 0.054, Effect size = 0.919) and (P-value = 0.151, 
Effect size = 0.678), respectively. 

Conclusion: Puerarin and Simvastatin are clinically beneficial and safe  bone grafting materials 
in cases of antral augmentation.

KEY WORDS: Sinus floor augmentation, grafting material, bone regeneration, Simvastin, 
Puerarin, dental implant 
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INTRODUCTION 

Following tooth extraction and pneumatization 
of the maxillary sinus, alveolar bone resorption 
particularly in the posterior maxilla makes implant 
placement more difficult by sacrificing the quantity 
and consistency of the bone required to ensure the 
stability of dental implants. Several procedures have 
been suggested to overcome these issues, including 
the use of short implants and vertical augmentation 
with elevation of the sinus floor. [1] The treatment of 
choice for the most appropriate surgical intervention 
for rehabilitation of posterior maxillary ridge with 
implants is influenced by the vertical height of 
the residual alveolar bone, the amount of lifting 
required, local intra-sinus anatomy and the number 
of teeth to be replaced, in addition to the surgeon’s 
preference. [2]

The use of short implants is one of the minimally 
invasive treatment options for the rehabilitation of 
edentulous posterior maxilla in order to overcome 
the issue of insufficient bone quantity, with the key 
benefits of preventing entrance into the sinus cavity, 
reducing the costs and the operating time. Patients 
with severe parafunctional habits and poor bone 
density with inadequate bone height can constitute 
an exception. A variety of surgical techniques for 
sinus lifting have been used either by transalveolar 
sinus floor elevation or through a lateral window 
technique with or without bone grafting augmenta-
tion material. These techniques considered a reliable 
procedures especially in cases of sever resorption 
ridge height as they provides a vertical dimension 
by increasing the volume of new bone and enhanc-
ing the dimension of the residual alveolar ridge be-
fore implant placement allowing high survival rate 
implant in the posterior maxilla.[3-5]

Lateral window Sinus lifting technique has been 
recognized as one of successful technique for restor-
ing the posterior maxillary area with severely resorbed 
ridge, resulting in a high survival rate of implants. The 
most common drawback of this technique is intraop-
erative sinus membrane perforation which has been 

established as a significant risk factor leading to post-
operative infection and graft failure. [2, 6-9]

Some scholars have suggested modifying the 
lateral window operation procedure in order to 
reduce the incidence of membrane perforation and 
increase the height of the membrane by means of 
hydraulic pressure techniques, crest-free drills and 
the use of piezoelectric equipment to cut the bony 
window with great simplicity and precision while 
maintaining the integrity of the membrane. [10-13] 

Maxillary sinus floor augmentation with dif-
ferent types of grafting materials including auto-
graft, allograft, xenograft, alloplastic materials and 
growth factors after sinus membrane elevation has 
been used. It was considered to be one of the surgi-
cal procedures for enhancing vertical alveolar bone 
height, particularly in the case of atrophied poste-
rior maxilla prior to or in conjunction with implant 
placement, with highly predictable and successful 
outcomes. [13-16]

As the grafting material should be osteogenic, 
osteoinductive, osteoconductive, biocompatible and 
volumetrically stable to provide us with the optimal 
outcome so, selecting the ideal grafting material for 
the sinus augmentation is a controversial subject. 
Although autogenous bone is considered the gold 
standard of all graft materials because of its high 
osteogenic potential, it has several drawbacks. Such 
as limited amounts of available bone for grafting 
procedures, donor-site morbidity and the expected 
biologic behavior (neovascularization and resorp-
tion) its rapid resorption in both animal and human 
maxillary sinus graft studies. [17, 18] Taking in con-
sideration these disadvantages, various allografts, 
xenografts and alloplastic materials are used to sub-
stitute autogenous bone

While using the different biomaterials, it is 
advisable to know their resorption profiles, and this 
profile should closely match the bone formation 
rate at the regeneration or implant sites. The 
resorption time and ultimate replacement of these 
graft materials with newly formed bone are not fully 
understood.  [19, 20] 
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Simvastatin is derived synthetically from 
fermentation product of Aspergillus terreus. It 
is a lipid-lowering agent that used orally to treat 
hypercholesterolemia and hyperlipidemia it has 
several effects including prevention of bone 
resorption and anabolic effects on bone. They 
also have anti-inflammatory effects they promote 
osteoblastic differentiation through increased 
expression of vascular endothelial growth factor 
(VEGF) in osteoblasts.[21] Simvastatin also inhibits 
osteoclastic differentiation induced by receptor 
activator of nuclear factor Kappa-beta ligand 
(RANKL). Several studies on rats and dogs showed 
promising results regarding use of simvastatin as a 
factor inducing new bone formation in regenerative 
processes. These studies showed promising results 
for use of simvastatin for bone formation. [22-26]  

Puerarin is the major bioactive ingredient de-
rived from the root of the Puerarin lobata (Willd.) 
Ohwi, widely known as Gegen (Chinese name) in 
traditional Chinese medicine [27] For the past sev-
eral decades, Puerarin has been used as one of three 
major isoflavonoid compounds,  that considered the 
earliest and most important crude herbs utilized in 
Chinese medicine for various medicinal purposes as 
treat fever, diarrhea, emesis, cardiac dysfunctions, 
liver injury, weight loss, and toxicosis due to its 
abilities to inhibit calcium influx, improve microcir-
culation, reduce insulin resistance, scavenge oxygen 
free radicals, counteract cell death, inhibit alcohol 
intake, and so on. [28-30] In recent years researchers 
have paid more attention to Puerarin because of its 
possible role in the prevention of osteoporosis. The 
findings indicate Puerarin may have the potential to 
promote bone formation. [31-33]

Since Maxillary sinus elevation and augmenta-
tion provides a predicted outcome of the regenera-
tive loss of osseous structure in the posterior max-
illa, which offers many advantages for patients with 
long-term performance at implant sites [1,5,7,13], and 

due to limited numbers of human studies on effects 
of Puerarin and simvastatin administration as an 
osteoinductive material for regenerative processes. 
So, our current study designed to assess and com-
pare the height and percentage changes of Puerarin 
versus Simvastin when combined with beta trical-
cium phosphate (β-TCP) as osteoconductive mate-
rials following maxillary sinus augmentation with 
delayed implant placement.

 PATIENTS AND METHODS

A randomized control trial conducted on twenty 
patients with edentulous posterior maxilla. The 
patient divided randomly into two groups. Both 
groups underwent maxillary sinus lifting procedure 
and augmentation using either Puerarin1 on Fisio-
graft2 sponge carrier graft (group A) or combina-
tion of simvastatin3 and β-TCP 4 (group B). The 
study was a double blind one (participants and out-
come assessors were blinded throughout the study).

All patients were selected according to the 
following criteria:

• The selected patients had edentulous posterior 
maxilla with insufficient bone height (available 
bone ≤ 5mm) from the edentulous crest to the 
maxillary sinus floor for implant placement 
indicating the need for maxillary sinus floor 
augmentation before implantation. 

• The patients were apparently free from any sinus 
and/or systemic disease that may jeopardize 
normal healing of bone, and adversely affect 
predictable outcome. 

Clinical examination was conducted to demon-
strate that all patients fulfilled the selected criteria. 
Cone beam computer tomography (CBCT)5 was 
performed Pre-operatively for all selected patients 
in order to evaluate and measure the amount of 
the residual bone height available in the maxillary  

1. Puerarin- Daidzein-8-C-glucoside, Gegensu Zhusheye, 2mL:100mg, Shandong Fangming Pharmaceutical Group
2. Fisiograft spugna- Via Cimarosa, 85 - 40033 Casalecchio di Reno (Bologna)- Italy 
3. Simvastatin – Supplied by Molekula Limited. Brickfields Business Park. Gillingham, Dorset – United Kingdom
4. Bioresorb classic – Herrlichkeit 4.28199 Bermen – Germany.
5. Scanora3D, Soredex- Nahkelantie 160, P.O. Box 148, Tuusula-Finland, 15 mA, 85 KV.
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posterior edentulous area from the crest of the ridge 
to the floor of the sinus. Fabrication of a study 
model and construction of radiographic stent for ev-
ery selected patient in both groups was performed. 
The radiographic stent was then used as a surgical 
stent during implant placement in the second stage  
surgery.

First stage surgery:  

Puerarin/Fisiograft carrier preparation: (For 
group A)

• It consisted of two components: Puerarin and   
which provided the matrix for delivery of 
Puerarin. Three dry sponges 1.2 cm x 0.5 cm 
x 1.0 cm Fisiograft sponges were injected with 
4ml of Puerarin solution using sterile syringe 
(50mg/mL concentration). (fig 1)

Fig. (1) Showing the injection of Puerarin solution into Fisio-
graft sponge.

A) β.TCP- Simvastatin complex Preparation: 
(For group B)

• Simvastatin powder was dissolved in 97% 
ethanol.

• Then a dropper was used to apply the solution to 
the β-TCP particles so that each gram of β-TCP 
contained 7.21 mg of Simvastatin.

• After this, sufficient time was given to allow a 
complete evaporation of ethanol. 

• The entire procedure was performed under a 
laminar flow hood in order to ensure complete 
sterile conditions.

Open sinus lifting procedure (for both groups)

All the surgical procedures were performed un-
der local anesthesia1 using maxillary nerve block 
with buccal and palatal infiltration.  Then the maxil-
lary sinus floor elevation using the lateral window 
technique was performed. Access  to  the  lateral 
wall of the sinus  was  achieved  via  a  mucosal 
crestal  incision with an anterior  releasing  incision 
and a full thickness flap elevation. A bone window 
was outlined using piezoelectric device that was 
operated at a frequency of 28 to 36 kHz with tip 
amplitude that was modulated, producing micro-vi-
brations .Complete osteotomy along the perimeter 
of the osseous window until the Schneiderian mem-
brane. The Schneiderian membrane was carefully 
elevated till the desired height. 

• Grafting of the maxillary sinus.

• For group A, 200mg of Puerarin on resorbable 
Fisiograft were compacted and packed against 
inferior walls and to the sides of the antral until 
the new available volume created was filled. 
(Fig 2)

• For group B, Simvastatin with β-TCP was used 
to fill all of the new available volume after being 
hydrated with saline. (Fig 3)

Resorbable collagen membrane 2 was used to 
cover the osteotomy window. Finally, the flap was 
returned into position and sutured using 3/0 black 
silk suture.

Postoperative care: All the patients were re-
called a week after surgery for suture removal. 

1. UbistesinTM forte, 3M ESPE, Espe Platz, Seefeld – Germany
2. Biocollagen, Bioteck, Torquato Taramelli, 23, 20025, Legnano MI – Italy. 
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Wound was thoroughly examined for any sign of in-
flammation or infection. Postoperative instructions 
and medication including Augmentin 1g1 (one tab-
let every 12 h for one week), Ultrafen 600mg2 (one 
tablet every 12 h for one week) and Afrin nasal 
spray 3 (2–3 sprays every 12 h for one week) were 
prescribed for the patients. All Patients were exam-
ined clinically on a weekly basis for the first month, 
then at 2, 6 months postoperatively.    

Post-operative radiographic evaluation: 

Postoperative CBCT radiographs were taken for 
every patient 1 week and 6 months postoperatively 
at first stage surgery to assess the bone graft and prior 
to the second stage surgery. The radiographs were 
made with the same machine and same exposure 
parameters. Image reconstruction was performed 
using special software {Ondemand3D software 
(cybermed Inc –Korea)}. Radiographic evaluation 
was focused on the change in bone quantity and 
its percentage for each group.  Sinus floor were 
traced and the measures were recorded in 1 week 
and 6 months postoperatively. All measures were 
performed at the highest point of new sinus floor 
using the software with a millimeter scale. (Fig 4, 5)

Fig. (4) Showing the linear measurement for bone height (group 
A) 6 months postoperative using the OnDemand 3D 
software

Fig. (5) Showing the linear measurement for bone height (group 
B) 6 months postoperative using the OnDemand 3D 
software.

1. Each tablet contains 875 mg amoxicillin and 125 mg Clavulanic acid by Glaxosmithkline, Fifth district – New Cairo, Cairo – Egypt. 
2. Each tablet contains 600 mg Ibuprofen by Glaxosmithkline – Fifth district – New Cairo, Cairo – Egypt.
3. Oxymetazoline HCl) 0.05% Nasal Spray 20 ml by Medical Union Pharmaceuticals – Egypt. 10. 

Fig. (2&3) Showing grafting procedure 
of the sinus using Puerarin on 
resorbable Fisiograft for group 
A (left photo) and Simvastatin 
with β-TCP for group B (right 
photo)
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Second stage surgery:

Second stage surgery was performed 6-months 
for implant placement after sinus lift procedure. Un-
der local analgesia a crestal incision was performed 
and a full-thickness mucoperiosteal flap was reflect-
ed the implant1 was screwed using ratchet wrench 
till intra-osseous portion of implant was completely 
inserted in the bone. The cover screw was screwed 
into the fixture. Finally, the flap was returned into 
position and sutured using 3/0 vicryl suture.

Ancillary and post-trial care  

After the Osseo-integration of the implants, the 
abutments were attached and prosthetic replacement 
of the teeth was performed.

Statistical Analysis

Numerical data were explored for normality by 
checking the distribution of data and using tests 
of normality (Kolmogorov-Smirnov and Shapiro-
Wilk tests). Age and bone height measurements 
data showed normal (parametric) distribution while 
changes and percentage changes in bone height 
showed non-normal (non-parametric) distribution. 
Data were presented as mean and standard deviation 
(SD) values. For parametric data, Student’s t-test 
was used to compare between mean ages values in 
the two groups. Repeated measures ANOVA test 
was used to compare between 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. 
For non-parametric data, Mann-Whitney U test was 
used to compare between the two groups. Qualitative 
data were presented as frequencies and percentages. 
Fisher’s exact test was used for comparisons 
between the groups. The significance level was set 
at P ≤ 0.05. Statistical analysis was performed with 
IBM SPSS 2 Statistics for Windows, Version 23.0. 
Armonk, NY: IBM Corp.

RESULTS

Twenty patients were included in this study, ten 
patients in each group. In Group A the average 
range of age was 46.9 while in Group B was 42.2 
with No statistically significant difference between 
mean age values and gender distributions in the two 
groups. (Table 1)

Clinical results showed that all cases proceeded 
uneventful with the complete healing of the surgical 
site and resolution of all expected postoperative 
inflammation.

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

Puerarin/ 
Fisiograft
(n = 10)

β-TCP with 
Simvastatin

(n = 10)
P-value

Age (Years)
0.149

Mean (SD) 46.9 (7.5) 42.2 (6.4)

Gender [n (%)]

1.000Male 6 (60) 5 (50)

Female 4 (40) 5 (50)

*: Significant at P ≤ 0.05

Radiographic results:

Bone height measurement (mm) results: 

Pre-operatively; there was no statistically 
significant difference between mean basal bone 
height measurements in the two groups (P-value = 
0.114, Effect size = 0.133).

As regards graft height immediately post-
operative as well as after 6 months; there was no 
statistically significant difference between the two 

1. IBS implant, Innobiosurg co., Ltd, 518 Yongsan-dong (Daedeok Techno Vally) Korea
2. IBMVR SPSS StatisticsVR version 20 for windows: VR IBM Corporation, NY, USA. VR SPSS, Inc., an IBM Company.
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groups (P-value = 0.056, Effect size = 0.208) and 
(P-value = 0.104, Effect size = 0.14), respectively.

As regards the changes by time, there was a 
statistically significant decrease in graft height after 
6 months in both groups (P-value <0.001, Effect 
size = 0.874) and (P-value <0.001, Effect size = 
0.924), respectively. (Table 2) (Fig 6)

TABLE (2) Descriptive statistics and results of repeated measures ANOVA test for comparison between 
bone and graft height measurements (mm) in the two groups and the changes by time within each 
group

Time

Puerarin/ Fisiograft
(n = 10)

β-TCP with 
Simvastatin

(n = 10) P-value Effect size  
(Partial Eta Squared)

Mean SD Mean SD

Pre-operative (Basal bone) 4.47 0.44 3.98 0.83 0.114 0.133

Graft height (Immediate post-operative) 12.17 1.6 14.16 2.04 0.056 0.208

Graft height 6 months 9.69 1.74 10.96 1.56 0.104 0.14

P-value (Changes by time in graft height) <0.001* <0.001*

Effect size (Partial Eta Squared) 0.874 0.924

*: Significant at P ≤ 0.05

TABLE (3) Descriptive statistics and results of Mann-Whitney U test for comparison between amount and 
percentage of changes in graft height measurements (mm) after 6 months in the two groups 

Change in graft height 
after 6 m

Puerarin/ Fisiograft
(n = 10)

β-TCP with Simvastatin
(n = 10) P-value Effect size (d)

Mean (SD) Median (Range) Mean (SD) Median (Range)

Amount of change (mm) -2.5 (2) -1.9 (-7.6- -0.6) -3.2 (1) -2.9 (-4.6- -2) 0.054 0.919

Percentage of change (%) -19.7 (12.9) -16.8 (-52.1- -0.4) -22.4 (5.5) -22.3 (-30.2- -16.5) 0.151 0.678

*: Significant at P ≤ 0.05

Amount and percentage of decrease in graft height 
results:

There was no statistically significant difference 
between mean amount and percentage of decrease 
in graft height in the two groups (P-value = 0.054, 
Effect size = 0.919) and (P-value = 0.151, Effect 
size = 0.678), respectively. (Table 3) (Fig 7, 8)
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DISCUSSION

Rehabilitation of posterior maxillary region in 
conjunction with dental implant is usually one of the 
most challenging and technically sensitive surgical 
procedures due to maxillary sinuses pneumatization, 
post-extraction bone resorption, and unfavorable 
quality of alveolar bone. Therefore, Maxillary sinus 
elevation and augmentation with different materials 
consider one of potential solutions for regenerating 
lost osseous structure in the posterior maxilla and 
offers the patient many advantages for long-term 
success at implant sites.[34-37] Since the number of 
human studies on the effects of administration of 
simvastatin and Puerarin as osteoinductive material 
for regenerative processes is limited. So, our 
research was therefore planned to test and compare 
the effects of Puerarin /Fisiograft versus Simvastin 
combined with beta-tricalcium phosphate (β-TCP) 
as osteoconductive content on bone formation 
during maxillary sinus augmentation for implant 
placement. 

Elevation of the sinus floor has different treat-
ment options in the literatures. [3-5] in the present 
study Strict and meticulous procedure was per-
formed during sinus elevation augmentation sur-
gery. We utilized the lateral window technique in 
agreement with previous studies [6, 38, 39] Which con-
sidered by using lateral window technique sufficient 
amount of the graft material will be allowed to be 
introduced into the sinus, direct access to the sinus 
floor will be provided, and the alveolar ridge will 
preserves. Also piezoelectric device was used, none 
of the cases showed membrane perforation or signs 
of infection of the area of surgery or a stitch ab-
scess. This was in in accordance with Jordi et al [40] 
and Toscano et al [41], who considered the osteoto-
my with piezoelectric device is simpler, safer and 
an effective means that promote making a smaller 
bone window without causing injury to the soft tis-
sue and minimizing the potential risk for intraopera-
tive complications during lateral window approach 
compared to using conventional rotary instruments.

Fig. (6) Bar chart representing mean and standard deviation 
values for bone height measurements in the two groups 

Fig. (7) Box plot representing median and range values for 
amount of decrease in graft height measurements in the 
two groups (Star represents outlier)

Fig. (8) Box plot representing median and range values for per-
centage decrease in graft height in the two groups (Star 
represents outlier)
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Since the introduction of dental implants, 
bone grafting has become an important procedure 
required specially for the treatment of patients with 
limited bone availability. In our study sinus lifting 
with graft material was performed primarily then 
implant placement was performed 6 months later 
as ≤ 5 mm of bone between the crest of the ridge 
and the floor of the maxillary sinus occurred which 
can’t give primary stability to the implant. This is 
in agreement with the studies of Mish et al [42] and 
Raghoebar et al [43] who determined the available 
alveolar bone height for implant placement as 5 mm 
at least in the superior inferior direction, to allow 
the shoulder of the implants to be placed within it 
and be supported by the remaining alveolar bone, 
thus immediate stability of the implants and bone 
grafts were achieved. This was further emphasized 
by Babbush[44] who determined a minimum of 6 
mm remaining between the crest of the residual 
alveolar ridge and the floor of the sinus for grafting 
with simultaneously implants placement to obtain 
primary stabilization of the implants. 

Bone regeneration includes three essential 
components: firstly, signaling molecule; secondly, 
scaffold that acts as osteoconductive surface to 
support osteoblastic bone formation; and thirdly, 
cells responsible for bone formation. The “in situ 
tissue regeneration approach” involves inducing 
new tissue formation by specific scaffolds with 
external stimuli that are used to stimulate body’s 
own cells and promote local tissue repair.[45] the 
bone substitute necessary for each bone regeneration 
procedure must therefore be selected based on 
the characteristics of individual, and the surgical 
procedure itself. Factors such as the host residual 
bone’s osteogenic capacity, patient systemic health, 
and morphology of the defect can delimit the 
optimal bone replacement for each case. [46, 47] 

As Puerarin is one of the major phytoestrogens 
isolated from the root of a wild leguminous creeper, 
Puerarin lobata (Kudzu, Willd.)[27] Our present study 
was designed to use Puerarin/Fisiograft as graft 

material to augment the maxillary sinus (for Group 
A) in accordance to those previous studies [31-33] 

which suggests that Puerarin could have the ability 
to facilitate bone formation. Zhang et al [48], Wong 
et al [49] and Wang et al [50] found that Puerarin acts 
as an osteoblasts growth stimulator promoting the 
osteoblast bone formation both in vitro and in vivo. 
In addition, Urasopon et al [51] found that it could 
also prevent bone loss in castrated male rats. Yang 
et al [52] indicate Puerarin-loaded titanium surfaces 
promote accelerated osteogenic differentiation of 
preosteoblasts, which has the potential to improve 
the nature of osseointegration. 

Simvastatin derived synthetically from a 
fermentation product of Aspergillus terreus was 
used (for Group B) in agreement with previous 
studies [21-25] that suggested the beneficial effects of 
simvastatin on bone formation. The direct effect 
of statins on bone was discovered for the first time 
by Mundy et al [53] in 1999. Their study, along with 
others, suggests that statins administered either 
locally or systemically, act as potent stimulators of 
bone formation and regeneration. Simvastatin was 
used with β-TCP in this study in accordance with 
Rojbani et al [54] who found that simvastatin favorably 
modifies the material character by stimulating bone 
formation and concluded that combining a bone 
substitute that has osteoconductive properties as 
α-TCP, β-TCP and HA with simvastatin stimulates 
bone regeneration, affects degradability of α-TCP 
and β-TCP and enhances bone formation in 
calvarial defects of rats. Also Gouda et al [55] found 
that amount of newly formed bone was higher in 
the simvastatin group combined with β-TCP when 
compared to the β-TCP alone and concluded that 
Simvastatin is safe to be used in sinus lift  in human 
with promising osteoinductive capacity.

As the present study was aimed to evaluate the 
bone height by using CBCT scans at the site of 
either augmented maxillary sinus with Puerarin/
Fisiograft (group A) or Simvastatin combined with 
β-TCP (group B) up to a period of six months, 
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CBCT results showed that time played an important 
role in the healing procedure of the bone. At 
immediate postoperative radiograph, we found a 
significant increase in the bone height immediately 
after grafting due to increase in the radiopacity of 
the graft than normal bone in both groups. This was 
followed by a decrease in the bone height between 
the immediate postoperative and the 6-months 
follow up without statistically significant difference 
between the two groups. These findings is in 
accordance with Hatano et al. [56] and Xu et al [57] 
who found that resorption of the graft material and 
repneumatization of the maxillary sinus which may 
be caused by positive intra sinus air pressure might 
have a role in the activation of the osteoclasts that 
cause absorption and marked decrease in the bone 
height that has occurred after 6 months follow up. 
Also Wang et al. [50] concluded that the resorption of 
implanted grafts in the elevated sinus is a common 
phenomenon, which may occur even in autologous 
bone. The exact mechanism is unclear, but it may 
be associated with air pressure in the sinus. But 
these findings were in consistent with the results 
of Panagiotou et al. [58] who reported no difference 
between the alveolar bone height results obtained 
immediately and 6 months after augmentation. This 
may be justified by the application of different bone 
graft materials.

Regarding to the change in the amount and 
percent of graft height, our result revealed that 
decrease in the amount and percentage of bone graft 
height by 2.5 mm, 19.7% (for Group A) and 3.2 
mm, 22.4% (for Group B) at the end of the 6 months 
period without significant difference in both group 
(P-value = 0.054, Effect size = 0.919) and (P-value 
= 0.151, Effect size = 0.678), respectively. This may 
attributed to usage dose of the graft material used in 
this study. As in group A a dose of 200mg Puerarin 
was used as 4mL (50mg/mL). This was according to 
manufacturer recommendation as the minimal safe 
dose for systemic circulation. The normal safe dose 
for systemic circulation is 200-400mg daily, while 
in group B the dose of Simvastatin  (each gram 

of β-TCP contained 7.21 mg of Simvastatin) was 
used based on studies performed by and Rojabani 
et al [54]and Nyan et al [59] in which they used 0.1mg 
Simvastatin per 14 mg either α and /or β-TCP. 
Other studies, Allon et al [60] Chauhan et al. [61] that 
used higher dose of Simvastatin (0.5 mg) with other 
scaffolds (bioglass and collagen graft) reported 
positive result with significant increase in bone 
formation, yet this dose/scaffold combination was 
selected as it is the lowest dose that was reported 
in the literature to induce bone formation since it 
was the first time in the lecturer to use Simvastatin 
in human sinus and its effect on the sinus lining is 
still unknown.

Although large variety of grafting materials have 
been tested for maxillary sinus floor augmentation in 
both clinical and experimental studies [13-19], but our 
research was the first that compare Puerarin versus 
Simvastatin as a grafting material for maxillary sinus 
floor augmentation. So, we cannot compare our 
finding with other studies. Our findings suggested 
that Puerarin and Simvastatin is clinically beneficial 
and safe alternatives bone grafting materials in cases 
of maxillary sinus augmentation. Further clinical 
studies are warranted to assess the histological and 
radiological outcomes of Puerarin 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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