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Object: The present study intended to evaluate the effect of simvastatin-loaded nanomicelles (SVNs) on promoting new bone 
formation and reducing alveolar ridge resorption at the tooth extraction sites at the early healing of the extraction sockets.
Methods: SVNs were synthesized using a dialysis method. The rabbit tooth extraction model was established, SVNs and simvastatin 
(SV) were loaded on gelatin sponge and inserted into the extraction socket. CBCT scans were performed at 0, 2, and 4 weeks 
postoperatively to evaluate bone formation and alveolar ridge absorption in the extraction sockets. And all the animals were sacrificed 
and the mandibles were harvested. And HE staining and Masson staining were used for histological evaluation of the bone formation 
in the extraction sockets.
Results: Radiographic evaluation showed that compared with the blank control group, at 2 and 4 weeks after extraction, SVNs 
increased the new bone density in the extraction sockets by 75.7% and 96.5%, and reduced the absorption rate of alveolar ridge length 
at the extraction sites by 60.8% and 49.1%, respectively. Histological evaluation showed that SVNs significantly improved the 
maturation of new bone tissue in the extraction sockets.
Conclusion: SVNs can significantly accelerate healing and effectively reduce the absorption of alveolar ridge at the extraction sites in 
the early stage of tooth extraction socket healing.
Keywords: alveolar ridge preservation, simvastatin-loaded nanomicelles, tooth extraction sites, bone formation

Introduction
After tooth extraction, alveolar bone atrophy in the extraction socket area, especially resorption of the alveolar ridge, 
inevitably occurs.1 Alveolar bone resorption can occur as soon as the first three months after tooth extraction. The 
resorption amount can reach 40–60% in the first 2 to 3 years after tooth extraction and continues at a resorption rate of 
0.25–0.5% per year afterwards.2,3 Alveolar bone atrophy seriously affects subsequent oral restorative treatment. 
Especially in oral implant restoration, the difficulty in implant placement is caused by insufficient bone quantity in the 
implanted area. As a result, expensive bone grafting surgery is usually required, which not only increases the treatment 
trauma and cost for the patient but also greatly prolongs the time for implant restoration treatment.4 Therefore, during 
tooth extraction, the preservation of the extraction site, otherwise known as alveolar ridge preservation (ARP), has 
become an important part of clinical oral treatment.

Commonly used ARP techniques include minimally invasive tooth extraction, immediate implantation, and bone or 
synthetic bone substitute grafting techniques. Bone or bone substitute grafting is currently the most commonly used ARP 
technique.5 Bone grafts include autologous bone grafts and allogeneic bone grafts. Autologous bone grafting is the gold 
standard for repairing bone defects, but it has drawbacks such as limited available quantities and complications such as 
bleeding, pain, and infection. The main source of allogeneic bone is the calf bone, which is harvested and used in clinical 
practice. Although suitable therapeutic effects have been achieved, there are potential risks of virus transmission and 
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immune rejection.6,7 The most commonly used synthetic bone substitute materials include dual-phase calcium phosphate 
ceramics, tricalcium phosphate cement, and bioactive ceramics8–10 Synthetic bone substitutes overcome the shortcomings 
of the above two materials; however, some researchers believe that the use of these graft materials may interfere with the 
normal healing process in the extraction socket. To combat the potential negative effects of synthetic bone materials, 
exogenous osteogenic growth factors such as recombinant human bone morphogenetic protein-2 (rhBMP-2) have been 
added to bone substitute materials11, and scholars have confirmed that the addition of osteogenic growth factors can 
significantly improve the effect of these materials on ARP.12,13 However, exogenous osteogenic growth factors are 
currently expensive and have a short half-life. Therefore, mobilizing endogenous osteogenic growth factors to improve 
the effect of ARP is a topic worthy of exploration.

Mundy et al studied more than 30,000 compounds and reported that statins, especially simvastatin (SV), significantly 
promoted new bone formation in the mouse calvarial region by increasing the expression of BMP-2 in osteoblasts 
in vivo.14 Therefore, SV is expected to replace rhBMP-2 as a synthetic bone supplement to improve ARP, and the cost of 
SV is 16,000 times less than that of BMP-2.14 Moreover, some researchers have recently mixed SV with collagen and 
implanted it in the extraction socket, and SV significantly promoted new bone formation in the extraction socket and 
effectively slowed the resorption of the alveolar ridge.15 Hence, SV has broad application prospects for promoting jaw 
defect repair and the healing of extraction sockets (ie, ARP) by regulating endogenous osteogenic growth factors. 
However, because SV is a fat-soluble drug, it is insoluble in water and has low bioavailability.

The application of various nanodrug carriers to encapsulate and deliver SV can significantly improve their osteogenic 
effect both in vivo and in vitro. Some scholars16 have used nanoliposome-encapsulated SV to treat bone marrow-derived 
mesenchymal stem cells (BMSCs) and found that compared with SV, SV-loaded nanoliposomes (SVNs) significantly 
improved ALP and increased BMP-2 expression in BMSCs, significantly promoting osteogenesis. Other researchers17 

synthesized SVNs to treat MG63 cells and similarly found that they had a stronger osteogenic effect than free SV. In 
in vivo studies, several researchers18 have implanted SV-PLGA-loaded nanomicelles into the bone defect region at the 
top of the rabbit skull for osteogenesis experiments and found that the drug-loaded nanomicelles exhibited a sustained 
release effect for up to 1 month, and significantly promoted new bone formation in the bone defect area. Some scholars19 

implanted synthetic SV-PGLA-loaded nanomicelles into rat extraction sockets and significantly promoted new bone 
formation in the extraction sockets compared with that in the control group.

Our previous studies20,21 showed that SVNs synthesized by using methoxy-PEG (mPEG-) PLA to encapsulate SVNs 
not only exhibited a stronger osteogenic effect than SV in vitro but also significantly upregulated the protein expression 
of osteogenesis-related factors such as ALP, OC, and OSX in osteoblasts. Moreover, SVNs have been mixed with bone 
powder or a gelatin sponge to repair rabbit calvarial defects. According to quantitative and qualitative radiological and 
histomorphometric analyses of new bone in the bone defect area, SVNs mixed with bone powder or gelatin were 
confirmed to have greater in vivo osteogenic efficacy than SV. In the present study, we mixed an SVNs solution with 
gelatin to form an SVNs gelatin-based sponge and placed them in a rabbit extraction socket to evaluate the ability of 
SVNs to promote new bone formation in the extraction socket and reduce alveolar ridge resorption at the tooth extraction 
sites in the early stage of tooth extraction socket healing. This study provided basic evidence for the successful 
application of the nano-dosage form of SV in ARP techniques.

Materials and Methods
Synthesis and Characterization of SVNs
Based on our previous experience in nanomicelle preparation, SVNs (mPEG-PLA-SV) were prepared using a dialysis 
method.21 Then, 25 mg of mPEG-PLA (Jinan Daigang Biomaterial Co., Ltd., Shandong, China) and 5 mg of SV 
(National Institutes for Food and Drug Control, Beijing, China) were fully dissolved in 5 mL of acetone solution (Fisher 
Scientific, Waltham, MA, USA), added dropwise to 30 mL of deionized water, stirred for 60 min (500 rpm) at room 
temperature, ultrasonically dispersed, and transferred to a dialysis bag (MWCO3500) for 24 h to remove free drug, 
during which the water was changed every 1 h. The drug-free nanogels (DFNs) were also prepared in a similar way in the 
absence of SV.
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The particle sizes of the SVNs and DFNs were measured using a Zetasizer instrument (Mastersizer 2000, Malvern 
Instruments Ltd., Malvern, UK). The nanomicelle morphology was observed with a transmission electron microscope 
(TEM; HT7700, Hitachi Limited, Tokyo, Japan). A high-performance liquid chromatography system (HPLC; LC-20AD, 
Shimadzu Corporation, Kyoto, Japan) was used to determine the drug loading capacity and encapsulation efficiency.

Experimental Animals
Ten healthy 5- to 6-month-old male New Zealand white rabbits weighing 2.17±0.17 kg were obtained from Shenzhen 
Advanced Medical Services Co., Ltd. Experimental procedures followed the Regulations for the Administration of 
Laboratory Animals of Guangdong Province and were approved by the Animal Ethics Committee at Shenzhen 
Polytechnic University. The rabbits were housed in a room with a standard room temperature of approximately 20 °C 
and a natural light cycle. They were fed standard rabbit feed (provided by Shenzhen Advanced Medical Service Co., 
Ltd.) with free access to drinking water every day. Feed consumption was recorded at regular intervals, and the rabbits 
were bred in individual cages. After 7 days of adaptive feeding, surgery was performed.

Surgical Procedure
All rabbits were fasted for 12 h before surgery and intramuscularly injected with 800,000 U of penicillin sodium 
2 h before surgery. After injecting 0.3 mL/kg 3% pentobarbital sodium solution through the ear margin vein, the 
breathing of the animals was rapid and stable, with abdominal breathing mainly occurring. The corneal reflex was 
blunted and the systemic muscles were relaxed, indicating that the anaesthesia was successful. The bilateral mandibular 
central incisors were extracted from rabbits with minimal invasiveness, and the rabbits were randomly divided into 4 
groups: no augmentation (blank control, BC), gelatin sponge (GS), gelatin sponge with 0.5 mg of SV (SV-GS), and 
gelatin sponge with 5 mg of SVNs (SVNs-GS). The four groups of experimental materials were randomly placed in four 
extraction sockets, and the sockets were tightly sutured.

Dental Cone Beam Computed Tomography (CBCT) Analysis
CBCT Scan
In vivo CBCT scans (3D MID, Planmeca, Finland) were performed on the experimental animals on the day of tooth 
extraction, 2 weeks after tooth extraction, and 4 weeks after tooth extraction (Figure 1). The scan parameters were 
a voltage of 70 kV, current of 9 mA, layer thickness of 0.2 mm, and exposure time of 12.351 s. CBCT software 
(Planmeca Romexis Viewer, Planmeca, Finland) was used for three-dimensional reconstruction of the scan data to 
observe and evaluate osteogenesis and ARP in the extraction socket.

Observation of New Bone Formation in the Extraction Socket
The qualitative evaluation of new bone formation in each experimental group was performed by observing 2D and 3D 
lateral radiographs of the extraction socket.

Quantitative Evaluation of New Bone Density in the Extraction Socket
Using BeeDicomViewer software (SinoUnion Healthcare Inc., Beijing, China), the alveolar socket area on each coronal 
image was selected as the region of interest (ROI), and the ROI in axial and sagittal images were automatically selected 
by the software (Figure 2A, green areas). All ROIs constituted the volume of interest (VOI), which was the entire 
alveolar socket. The software automatically calculated the mean CT value of the new bone in the alveolar socket, and the 
CT value was recorded as the mean bone density of the new bone in the extraction socket, in Hounsfield units (HU).

Comparison of 3D Images of Alveolar Ridge Morphology at the Extraction Site
The 3D reconstructed rabbit mandible image was exported as a 3D model in.STL format. Using Geomagic Qualify 12 
software (Geomagic, Oqton Inc. USA), 3D models of the extraction socket area at 2 weeks and 4 weeks after tooth 
extraction were overlaid and aligned with the 3D model of the extraction socket area on the day of tooth extraction, after 
which 3D difference analysis was performed.
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Quantitative Evaluation of ARP in the Extraction Socket
The relative length of the alveolar ridge of the extraction socket in the 2D lateral radiographs was measured to evaluate 
the degree of ARP in each experimental group. The absolute length of the alveolar ridge of the extraction site was the 
distance from the anterior point of the lower central incisor to the highest point of the mesial alveolar ridge of the 
lower first premolar (Figure 2B, red line). The relative length of the alveolar ridge was calculated as follows: relative 
length of the alveolar ridge of the extraction socket = absolute length of the alveolar ridge 2–4 weeks after tooth 
extraction / absolute length of the alveolar ridge on the day of tooth extraction. The formula for calculating the 
resorption rate of the alveolar ridge length is as follows: 1 - relative length of the alveolar ridge in the extraction 
socket.

Histomorphometric Analysis
Four weeks after surgery, the animals were injected with 0.3 mL/kg 3% pentobarbital sodium solution through the ear 
margin for general anaesthesia. Then, the heart was perfused with 0.9% normal saline until the effluent became clear. The 
whole body of the animal was fixed in 10% neutral formalin through the heart for 30 min; after the rabbit became rigid, 
the mandible was harvested under sterile conditions and immediately soaked in 10% neutral formalin at room 
temperature for further fixation for 48 h. Then, each sample was soaked in decalcification solution (20% hydrochloric 
acid + 50% neutral formalin + 30% sodium chloride solution). After complete decalcification, the tooth extraction 
sockets were embedded in paraffin to prepare decalcified paraffin-embedded sections of new bone tissue at a thickness of 
3–5 μm. The distribution of osteoblasts, the formation of new bone, the formation of neovasculature, and the trabecular 
bone structure in the extraction socket were observed using HE staining and Masson’s trichrome staining, and qualitative 
analysis of the new bone tissue was performed at the two-dimensional level.

Figure 1 The experimental animals were scanned with CBCT.

https://doi.org/10.2147/IJN.S481498                                                                                                                                                                                                                                    

DovePress                                                                                                                                         

International Journal of Nanomedicine 2024:19 10068

Feng et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Statistical Analysis
Statistical analysis was performed using SPSS Version 19.0 (IBM Corp., Armonk, NY, USA). All of the data are shown 
as the mean ± standard deviation (SD) from five independent experiments. The new bone density and the relative length 
of the alveolar ridge in the extraction socket were analysed by one-way repeated-measures ANOVA. A p value of <0.05 
was deemed statistically significant.

Results
Characterization of SVNs
SVNs synthesized by dialysis had an encapsulation efficiency of 54.57±3.15%, a drug loading capacity of 10.91±0.63%, 
a particle size of 38.97±1.96 nm (Figure 3A). Transmission electron microscopy revealed that the drug-loaded nanomi-
celles were spherical in shape and uniform in size (Figure 3B).

Experimental Animals
The experimental animals healed well after the surgery, and there were no complications, such as swelling, infection, dehiscence 
or exposure of the surgical area. The number of samples in each group was 5, and the total number of samples was 20.

CBCT Analysis results
The 2D and 3D CT lateral radiographs of the extraction socket showed that on the day of tooth extraction, empty alveolar 
sockets could be seen in all the experimental groups, indicating that the teeth were completely extracted. Over time, the 
alveolar ridge tops at the extraction sites became rounded and blunt, and the length of the alveolar ridge became shorter 
to some extent in each experimental group, especially in the BC group. At 2 and 4 weeks after tooth extraction, new bone 
tissue formation was observed in all the experimental groups, with the SVNs-GS group having the highest density of new 
bone tissue. (Figure 4A)

The 3D models of the extraction site area were obtained through 3D reconstruction of the original CT data. Comparison 
of the 3D models of the alveolar ridge in the extraction socket at 2 and 4 weeks after tooth extraction and on the day of tooth 
extraction in each experimental revealed that as time after tooth extraction increased, there was some bone resorption of the 
alveolar ridge at the extraction site in each experimental group. In terms of alveolar ridge length, compared with that on 

2D-Lateral image

B

Sagittal viewAxial view Coronal view

A

Figure 2 The new bone formation in the extraction socket and alveolar ridge absorption at the tooth extraction sites were analyzed by CBCT. (A) The green area was the 
region of interest (ROI) selected on each coronal, sagittal, and axial image of the extraction socket, respectively. (B) The distance between the anterior point of the lower 
central incisor and the highest point of the mesial alveolar ridge of the lower first premolar was measured as the absolute length of the alveolar ridge at the extraction sites 
and indicated by the red line.
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the day of tooth extraction, there was significant bone resorption (gray area at the anterior end of the alveolar ridge) in the BC 
and GS groups, while the resorption in the SVNs-GS and SV-GS groups was relatively low. In addition, bone resorption also 
occurred on the surface of the alveolar ridge at the extraction site (blue area) in each experimental group. In particular, the 
blue area at 4 weeks was significantly larger than that at 2 weeks. At the same time point, the blue area on the bone surface 
was the smallest in the SVNs-GS group and the largest in the BC group. (Figure 4B)

Statistical analysis of the relative length of the alveolar ridge at the extraction site revealed that the extraction 
sites exhibited some degree of resorption over time. In each experimental group, the relative length of the alveolar 
ridge at the extraction site at 4 weeks was significantly shorter than that at 2 weeks. At the same time point, the 
relative length of the alveolar ridge at the extraction site in the SVNs-GS group and the SV-GS group was 
significantly longer than that in the BC group, while there was no significant difference between the GS group and 
the BC group. Among all the experimental groups, the relative length of the alveolar ridge in the SVNs-GS group 
was the longest. On this basis, the mean resorption rate of the alveolar ridge length at the extraction site in each 
experimental group at 2 weeks/4 weeks was as follows: 4.64%/7.51% in the SVNs-GS group, 7.00%/10.05% in 
the SV-GS group, 10.23%/13.76% in the GS group, and 11.85%/15.75% in the BC group. (Figure 4C)

In addition, the mean bone density of new bone in the extraction socket recorded in terms of CT values at 2 weeks/ 
4 weeks was as follows: 730.58/1024.84 HU in the SVNs-GS group, 637.91/889.55 HU in the SV-GS group, 546.83/ 
735.28 HU in the GS group, and 415.92/521.64 HU in the BC group. (Figure 4D)

Histological Analysis results
Under a 4× magnification, HE staining revealed the formation of woven bone in the new tissues of the extraction sockets 
in all the experimental groups. Among them, in the GS group, there remained blank areas that did not complete bone 
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Figure 3 The characteristics of simvastatin-loaded nanomicelles. (A) The particle size of simvastatin-loaded nanomicelles were measured using a Zetasizer instrument. (B) 
The morphology of simvastatin-loaded nanomicelles morphology was observed with a transmission electron microscope (TEM).
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Figure 4 The results of CBCT analysis of the new bone formation in the extraction socket and alveolar ridge absorption at the tooth extraction sites. (A) The new bone 
formation and alveolar ridge absorption in each experimental group was performed by observing 2D and 3D lateral radiographs of the extraction socket. (B) Comparison of 
3D images of alveolar ridge morphology at the extraction site. (C) The mean resorption rate of the alveolar ridge length at the extraction site in each experimental group at 
2 weeks and 4 weeks (n=5). (D) The mean bone density of new bone in the extraction socket recorded in terms of CT values at 2 weeks and 4 weeks (n=5). The results are 
the mean values of five independent measurements (±SD) and were analysed by repeated-measures ANOVA. *P<0.05 vs BC; #P<0.05 vs SV-GS.
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formation; in the SVNs-GS group, the formation of trabecular bone in the woven bone could be observed. Masson’s 
trichrome staining showed that the new bone tissue in the BC group and the GS group was immature, with the collagen 
fibres appearing light blue; the new bone tissue in the SV-GS group and the SVNs-GS group was more mature than that 
in the BC and GS groups, with the collagen fibres staining blue or dark blue, and in particular, in the SVNs-GS group, the 
bone tissue in the trabecular area appeared red and blue, indicating ongoing or completed bone remodelling. (Figure 5A)

Under high magnification, HE staining showed that osteoblasts were densely arranged on the surface of the new bone 
tissue, while osteoclasts were occasionally observed in the BC and GS groups. The abundance of osteoclast was 
increased in the SV-GS group and SVNs-GS group (Figure 5B).

Discussion
ARP is an effective method for reducing bone resorption in the extraction socket area. A sufficient amount of bone mass 
remaining in the extraction socket area not only greatly shortens the time needed for oral implant restoration but also 
avoids additional trauma to the patient caused by bone grafting surgery. It has been confirmed that the addition of 
osteogenic growth factors can significantly improve the effect of synthetic materials on ARP.22–24 However, exogenous 
osteogenic growth factors such as rhBMP-2 are not only expensive but also have the disadvantages of a short half-life 
and easy inactivation.

SV has been used in the clinical treatment of hypercholesterolemia since 1992. It is inexpensive, safe and reliable and 
has been included in the Model List of Essential Drugs by the World Health Organization, demonstrating that is an 
essential drug in the medical field. Previous studies have shown that SV can exert its osteogenic effect by regulating the 
expression of growth factors (such as BMP-2 and vascular endothelial growth factor) in osteoblasts.25,26 However, SV 
has poor water solubility, a short half-life, and low affinity for bone, resulting in low bioavailability. Studies have shown 
that the efficacy of topical SV administration in promoting bone regeneration can be approximately 50-fold greater than 
that of oral administration.27,28 Therefore, in this study, SV was loaded into a gelatin sponge and stuffed into the 
extraction socket to fully exploit the osteogenic effect of the drug.

Furthermore, some studies have shown that when administered topically, the osteogenic effect of SV is positively 
proportional to its dose within a certain range.29 When the dose of SV is low, the time for SV to exert its drug effect is 
relatively short, and thus, it has a very limited osteogenic effect. Moreover, although increasing the topical dose of SV 
can prolong the duration of action of the drug, it may also cause local inflammation in the bone defect area and instead 
affect the normal process of bone regeneration.30–32 In animal experiments, the optimal dose of simvastatin to stimulate 
maximal bone regeneration without inducing inflammation would be 0.1–0.5 mg.33 In the rabbit calvarial defect bone 
regeneration model, it is suitable to add 0.5 mg of SV to each circular bone defect area with a diameter of 6–8 mm.20,34– 

36 A suitable local dose of SV for the preservation of rabbit tooth extraction sites has not been clearly reported. 
Therefore, to ensure that SVNs can exert its effect as long as possible while avoiding causing inflammation in local 
tissues, and thus affecting the normal healing of the extraction socket, in the present experiment, we added 0.5 mg of SV 
and 5 mg SVNs (containing 0.5mg SV) to extraction socket. Histological sections showed no inflammation around the 
extraction socket, indicating that the dose selection of SVNs and SV was relatively reasonable.

In addition, on the basis of local application, increasing the dose of SV as much as possible and allowing its slow and 
sustained release are effective strategies for further enhancing the osteogenic effect of SV.15 The sustained release of SV 
can be achieved by using nanodrug carriers to encapsulate SV and modify it to a nanoscale dose. Our previous studies 
showed that synthetic SVNs prolonged the release time of SV by more than 10-fold, significantly improved the efficacy 
of SV in promoting osteoblast differentiation and exhibited a stronger ability to promote bone regeneration in rabbit 
calvarial defect repair.20 On this basis, the present study applied SVNs to the experiment of tooth extraction site 
preservation.

Imaging findings showed that at 2 and 4 weeks after tooth extraction, the gelatin sponge alone increased the new bone 
density in the extraction socket by 31.5% and 41.0%, respectively, compared with that in the BC group, promoting new 
bone formation in the extraction socket to some extent. When SV was used in combination with gelatin sponge, the rate 
of new bone formation in the extraction socket significantly increased. When SVNs were used in place of SV in 
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Figure 5 The results of histological analysis of the new bone formation in the extraction socket. (A) Histologic images of the new bone formation in the extraction socket at 
four weeks (HE stain and Masson stain, ×4). (B) Histologic images of the new bone formation in the extraction socket at four weeks (HE stain, ×10, ×40, ×40). The arrows 
“↓” indicate osteoblasts, The arrows “→” indicate osteoclasts.

International Journal of Nanomedicine 2024:19                                                                                   https://doi.org/10.2147/IJN.S481498                                                                                                                                                                                                                       

DovePress                                                                                                                      
10073

Dovepress                                                                                                                                                             Feng et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


combination with gelatin sponge, compared with that in the BC group, the new bone density in the extraction socket 
increased by 75.7% and 96.5%, respectively.

After tooth extraction, osteoblasts form the initial immature bone tissue. Thereafter, osteoclasts gradually increased in 
the new bone tissue. The osteogenesis of osteoblasts and the osteoclastogenesis of osteoclasts cooperate to remodel the 
new bone.37 The morphology and structure of the new bone tissue are continuously adjusted, and the immature bone 
tissue gradually becomes strong and dense, and finally forms mature bone tissue. The histological results of this study 
showed that at 4 weeks, the maturity of new bone tissue in the extraction socket was low in the BC and GS groups, and 
the number of osteoclasts was small, indicating that bone remodelling occurred less frequently. In contrast, bone tissue 
maturity and active bone remodelling were greater in the SV-GS group and the SVNs-GS group. In particular, in the new 
bone tissue of the SVNs-GS group, a trabecular structure was observed. All of the above results show that SVNs 
significantly accelerated the process of bone healing in the extraction socket and significantly improved the efficacy of 
SV in promoting new bone formation.

The ability of the same material or drug to promote the healing of the extraction socket and reduce the resorption of 
the alveolar ridge varied. According to the calculated mean resorption rate of the alveolar ridge length at the extraction 
site at 2 and 4 weeks after tooth extraction, compared with the BC, the gelatin sponge promoted the formation of new 
bone in the extraction socket but had very limited effect on the preservation of the alveolar ridge length. The use of the 
gelatin sponge in combination with SV or SVNs significantly reduced the resorption of the alveolar ridge length after 
tooth extraction. In particular, the resorption rate of the alveolar ridge length was reduced in the SVNs group by 60.8% 
and 49.1% compared to that in the BC group at 2 and 4 weeks after tooth extraction, suggesting that SVNs significantly 
enhanced the effect of SV on ARP at the extraction site. The comparison of the 3D models of the alveolar ridge before 
and after tooth extraction found that, besides the length reduction, there was varying degrees of bone resorption on the 
surface of the alveolar ridge, which decreased the height and width of the alveolar ridge. The use of SVNs not only 
significantly reduced the resorption of the alveolar ridge at the extraction site but also played an important role in 
maintaining the size of the alveolar ridge.

This study has several limitations. First, the healing of the extraction socket generally lasts for 3 months, while this 
study focused on the investigation of the effect of SVNs in the early stage of tooth extraction site preservation. Second, 
the suitable local dosage of SV for preservation at the extraction site in rabbits is still unclear. Third, because the dose of 
SVNs applied topically is low, the sustained release effect of SVNS in vivo was not evaluated. Subsequent research 
should be conducted on the above three aspects to further optimize the local drug dose of SVNs and achieve longer 
sustained release of the drug and provide a more objective and accurate evaluation of the role of SVNs in the whole 
process of bone healing and ARP in the extraction socket.

Conclusion
In this study, SVNs were loaded on a gelatin sponge, which was then placed in the tooth extraction sockets of rabbits. 
The radiological and histological results showed that, in the early stage of extraction socket healing, SVNs could 
accelerate the formation of new bone in the extraction socket by increasing the number of osteoblasts, and accelerate the 
occurrence of bone remodeling by regulating the proportion of osteoblasts and osteoclasts, thereby effectively increasing 
the bone density in the extraction socket and significantly accelerating the healing of the extraction socket. Meanwhile, 
SVNs can effectively reduce the absorption of alveolar ridge length and volume at tooth extraction sites, showing 
promising application prospects in the preservation of tooth extraction sites.
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