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ABSTRACT

Introduction: Regenerative treatment with open flap debridement (OFD) and bone graft material containing  
growth factors is developed to repair alveolar bone defects due to periodontitis. Freeze-dried human  
platelet-rich plasma (FD-hPRP) is platelet-rich plasma which is freeze-dried to prolong storage time, simplify  
application, and increase growth factors number that promote osteoblast proliferation to accelerate bone  
regeneration. This study examined the effect of FD-hPRP application as a bone graft on the alveolar bone  
height and density radiographically in periodontitis treatment of Oryctolagus cuniculus rabbits.  
Methods: Twelve-male rabbits were periodontitis induced by ligation technique and Porphyromonas  
gingivalis lipopolysaccharide injection randomly divided into three groups: 1) OFD, 2) OFD+demineralized  
freeze-dried bone allograft (DFDBA), 3) OFD+FD-hPRP. OFD was performed in all groups with DFDBA  
applied in group 2 and FD-hPRP applied in group 3, then subjected to radiographic examination. The alveolar  
bone height data from Vet-Exam Plus and bone density data from ImageJ then analyzed with a two-way  
analysis of variance followed by Post Hoc Least Significant Difference test. Results: Significant difference  
(p<0.05) between the group 1 and group 2 and 3, and an insignificant difference (p>0.05) between the  
group 2 and 3. Conclusion: FD-hPRP application increased alveolar bone height and density radiographically  
in periodontitis rabbits. 
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INTRODUCTION

Regenerative periodontal treatment to reduce 
inflammation and restore the function of the  
periodontal tissue lost due to periodontitis has been 
carried out through various modalities to achieve 
optimal oral health. Open flap debridement (OFD)  
added with bone graft material is the interesting 
treatments to solve alveolar bone defects. This method 
fulfills three critical elements of bone formation 
(osteogenesis, osteoconduction, and osteoinduction) 
and is also strengthened by the presence of biological 
mediators, such as growth factors [1, 2, 3, 4].

Demineralized freeze-dried bone allograft is a  
material containing bone morphogenetic protein  

(BMP), which can facilitate new bone formation. 
However, the DFDBA osteoinductive activity is highly  
dependent on donor characteristics, which makes 
it difficult to determine the quality standards of  
DFDBA from one another [5, 6, 7, 8, 9]. Human  
platelet-rich plasma (hPRP) is a product from  
healthy donor that play the role in stimulating bone  
growth [10]. The powder form freeze-dried hPRP 
(FD-hPRP) is more sterile, simple, and durable,  
and the freeze-drying process is also known to  
increase the amount of transforming growth 
factor-β1 (TGF-β1), which is an essential stimulator 
in the formation, proliferation, and differentiation  
of osteoblasts at the bone remodeling stage  
[11, 12, 13]. Radiographic analysis by measuring 
the alveolar bone height and density was performed  
at 4 and 8 weeks after surgery to evaluate the  
success of mandibular bone regeneration in rabbits 
[14]. This study aims to determine the effect of 
FD-hPRP application in periodontitis treatment  
radiographically of alveolar bone height and  
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density in Oryctolagus cuniculus rabbits. 

MATERIALS AND METHODS

This research is a type of quasi-experimental research 
with a randomized pretest-posttest control only design. 

Periodontitis induction procedure
Induction of periodontitis was carried out by ligation 
technique combined with lipopolysaccharide 
(LPS) injection of Porphyromonas gingivalis (PG) 
bacteria. Rabbits were anesthetized using Ketamine  
HCL 40 mg/kg BW and Xylazine 5 mg/kg BW 
intramuscularly. Rabbit’s cervical mandibular incisors  
were ligated with 3.0 silk thread. Injection of  
0.01 ml LPS in the intragingival interdental  
mandibular incisors was performed three times  
a week for six weeks (Figure 1) [15]. 

bone properly. The flaps were repositioned using a 
4.0 nylon suture with a simple interrupted suturing 
technique. For 24 hours post-treatment, rabbits 
were given soft food. Enrofloxacin antibiotics at a  
dose of 0.1 mg/kg BW and analgesic Meloxicam  
at a dose of 0.2 mg/kg BW were administered once 
intramuscular after treatment [17]. Suture removal is 
performed one week after the surgical procedure. 

Figure 1 : (a) Rabbit lower incisor ligation with 3.0  
silk thread; (b) Porphyromonas gingivalis lipopolysac-
charide injection.

Experimental animal treatment
Twelve rabbits were adapted for one week. Before  
any intervention, all rabbits were subjected to  
periapical radiography. Induction of periodontitis was 
performed on the interdental alveolar bone of the 
mandibular incisors of twelve rabbits for six weeks, 
and then a periapical radiograph was performed. 
Rabbits were randomly divided into three groups, 
with four rabbits in each group [16]. On all groups, 
OFD was performed. The OFD surgical procedure 
was initiated with the anesthetic Ketamine HCl 40 
mg/kg BW and Xylazine 5 mg/kg BW intramuscularly. 
A sulcular incision was made on the labial surface of 
the mandibular incisor with a surgical blade No. 15.  
Full-thickness flap reflected with raspatory.

Debridement was performed on soft tissue and  
alveolar bone using a Gracey curette, then irrigated 
with saline and distilled water until clean. After OFD, 
no bone graft material was applied in group 1, then 
in group 2, DFDBA was applied, and in group 3,  
FD-hPRP was applied (Figure 2). The bone graft  
material is condensed into the defects area where  
the OFD has been performed to cover the alveolar  

Figure 2 : Open flap debridement (a) without the a 
ddition of bone graft material; (b) with the addition  
of DFDBA; (c) with the addition of FD-hPRP.

Alveolar bone height measurement
All rabbits were subjected to periapical radiographic 
examination in the conditions before the intervention, 
after the induction of periodontitis, and at the  
4 and 8 weeks post-treatment, then the difference 
was calculated. Periapical radiographic images were 
scanned using the CR7 Vet Image Plate automatic film 
processor.

Alveolar bone height was measured through a  
periapical radiograph by measuringthe distance  
between cementoenamel junction (CEJ) and alveolar 
bone crest from the vertical direction using the  
Vet Exam Plus 7.0.0 Veterinary X-Ray software [18].

Alveolar bone density measurement
Alveolar bone density was measured using  
periapical radiographs in the region of interest (ROI)  
in conditions before intervention (ROI 1), after 
periodontitis induction (ROI 2), week 4 post-treatment 
(ROI 3), and week 8 post-treatment (ROI 4).

Measurements were carried out using ImageJ  
software. The percentage of alveolar bone density is 
calculated by the formula [19]:

Alveolar bone density at four weeks post-treatment = 
(ROI 3)/(ROI 2) x 100%

Alveolar bone density at week eight post-treatment = 
(ROI 4)/(ROI 2) x 100%

Ethical Clearance

This study was approved by Research Ethics  
Committee of the Faculty of Veterinary Medicine, 
Gadjah Mada University has approved with  
Certificate of Ethical Eligibility Number 00055/EC-FKH/
Eks./2021.
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RESULTS  

Alveolar bone height
Alveolar bone height results were obtained by  
measuring the distance between CEJ and alveolar  
bone crest on the mesial side of the two mandibular 
incisors through periapical radiograph analysis.

The result of calculating the difference in alveolar  
bone height is a measure of the increase in alveolar  
bone height in each treatment type and observation 
time with the mean and standard deviation as shown  
in Figure 3.

Alveolar Bone Density
In this research, image processing is done  
computerized using filters of ImageJ software. 
Alveolar bone density for each treatment type was 
compared between week 0 (baseline) with week 4 and  
week 8 after treatment (Figure 4).

Figure 3 : Mean value of the alveolar bone height  
increase in each treatment type and observation time.

The descriptive data in Figure 3 shows that the  
longer observation time, the more significant increase  
in alveolar bone height was obtained. Mean value  
of the most significant increase in bone height was 
seen in the OFD+FD-hPRP group at week 8. Based  
on the normality and homogeneity test of the data,  
it can be concluded that the data of the difference  
in bone height on each treatment type and  
observation time was normally distributed and 
homogeneous, so that the data analysis was  
continued with a two-ways Analysis of Variance 
(ANOVA). 

The two-way ANOVA test results explained that  
each treatment type, observation time, and the 
interaction between the treatment type and  
observation time affected increasing the height of 
the alveolar bone. Data analysis was then continued  
with Post Hoc Least Significant Difference (LSD)  
test. Post Hoc LSD test results showed significant 
differences in almost all types of treatment and  
observation time with p-value <0.05, except between 
OFD+DFDBA and OFD+FD-hPRP groups at each 
observation time, OFD+DFDBA at week 4-8 and 
OFD+FD-hPRP at week 0-4, OFD at week 4-8 and 
OFD+FD-hPRP at week-0-4, OFD at week 4-8 and 
OFD+DFDBA at week-0-4, OFD at week-0-8 and 
OFD+FD-hPRP at week 4-8, and OFD at week-0-8 and 
OFD+DFDBA at week 4-8, with p>0.05.

Figure 4 : Mean value of the alveolar bone density  
in each treatment type and observation time.

Descriptive data on alveolar bone density showed  
that the longer observation time, the higher alveolar 
bone density achieved. The highest average was 
achieved at eight weeks of observation, with  
the highest bone density value in the OFD+DFDBA 
group, 90.63. Based on the data normality and 
homogeneity tests, it can be concluded that the  
bone density data obtained were normally  
distributed and homogeneous, so the next statistical  
test was two-way ANOVA. 

The two-way ANOVA statistical test results explained 
that each treatment type, observation time, and 
the interaction between the treatment type and the 
observation time affected increasing alveolar bone 
density. Data analysis was then continued with the 
Post Hoc LSD test. Post Hoc LSD test results showed 
significant differences in almost every treatment  
type and observation time with p<0.05, except for  
each treatment type at week 0, OFD+DFDBA and 
OFD+FD-hPRP at week 4, and OFD+DFDBA and 
OFD+FD-hPRP at week 8 with p>0.05.

DISCUSSION

Alveolar Bone Height
The week 0 analysis showed a reduction in the  
alveolar bone height. This is in line with Lin et al.  
They proved that the PG bacteria LPS injection  
combined with the ligation technique contributed to 
alveolar bone destruction and triggered periodontitis 
quickly [20, 21]. Lipopolysaccharides secreted by 
pathogenic bacteria induce an immune response in 
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big family effect on bone healing are coordinated  
with pro-inflammatory cytokines, extracellular 
matrix proteins, and the presence of other growth  
factors [32]. 

Cottrell et al., in their study on rat femoral fractures, 
stated that the expression of BMP-2, as contained 
in DFDBA, was found to be almost four times higher 
on day 21 compared to the second day of the bone  
healing process. Likewise, BMP-4 expression was also 
found to peak at day 21, along with an increase in 
osteoclast resorption activity during bone remodeling 
[33]. In contrast, Cho et al. stated that TGF-β1  
expression, as contained in PRP, was found before  
bone defect occurred. TGF-β1 expression was  
detected to increase during the inflammatory phase 
on the first day of the bone healing process, and its 
expression remained the same high on day 28. In  
addition to TGF-β1, TGF-β2 and -3 expressions  
were also found in the bone healing phase in  
smaller amounts, but both still had the same high 
expression when compared between days 1-7  
and day 1-21. Transforming Growth Factor-β2 and 
-3 are mainly expressed in the reparative phase of  
bone [34, 35, 36].

The freeze-dried process in hPRP is carried out by 
breaking the cell membrane through the thermal  
lysis method, then subliming the liquid hPRP  
into FD-hPRP in the form of dry powder. Ice  
formation on the cell membrane causes cells to  
become easily ruptured, so that platelets release  
the growth factors contained in them [37, 38]. 
Murdiastuti et al. stated in their research results  
that hPRP that has gone through the freeze-drying 
process has a higher content of TGF-β1 so that it  
can stimulate and accelerate the process of alveolar 
bone regeneration [13].

Alveolar Bone Density
Post Hoc LSD analysis results on alveolar bone  
density showed no significant difference between  
the three treatment types at week 0. At that time,  
bone density was reduced seen in all rabbits 
radiographically. This proves that all rabbits  
experienced the same periodontitis condition after  
being induced by ligation technique and LPS  
injection of PG bacteria for six weeks.

Significant differences between OFD and  
OFD+DFDBA groups and between OFD and  
OFD+FD-hPRP groups, at 4 and 8 weeks of  
observation also showed in this study. There was  
also a significant difference when the OFD+DFDBA  
and OFD+FD-hPRP groups were compared between  
4 and 8 weeks of observation. At the observation 
time, there was no significant difference between 
OFD+DFDBA and OFD+FD-hPRP groups. The 
results prove that the application of DFDBA and 

macrophages and increase the expression of pro-
inflammatory cytokines such as tumor necrosis  
factor-α (TNF-α), interleukin (IL)-1β, and IL-6, thereby 
triggering osteoclastogenesis that ends in alveolar  
bone defect [22, 23].

Post Hoc LSD analysis showed no significant  
difference in the increase in alveolar bone height 
between OFD+DFDBA and OFD+FD-hPRP groups, 
both at 0-week 4, 4-8 weeks, and 0-8 weeks of 
observation. Significant differences were seen when  
the two groups were compared with the OFD group 
at the same observation time. This proves that the 
application of bone graft material, both DFDBA  
and FD-hPRP post OFD, affects increasing alveolar  
bone height in the treatment of periodontitis.

The radiographic increase in the height of the  
alveolar bone is one indicator of the achievement  
of regeneration [24, 25]. Demineralized freeze-dried  
bone allograft material has osteoinduction potential 
related to the amount of BMP-2, -4, and -7, which 
stimulates mesenchymal cells’ differentiation into  
osteoblasts, thereby affecting new bone regeneration  
[26, 27]. In comparison, hPRP has many growth  
factors that modulate inflammatory reactions in the 
healing process and induce cellular remodeling 
processes in tissue regeneration. Growth factors in 
PRP, which include platelet-derived growth factor 
(PDGF) and TGF-β can promote the regeneration 
process by increasing cellular chemotaxis and mitosis 
and promoting the proliferation of regenerative cells. 
The potential of hPRP in regenerating hard tissue,  
such as alveolar bone, is also believed to come 
from the content of other growth factors, such as  
endothelial growth factor (EGF), vascular endothelial 
growth factor (VEGF), and insulin-like growth factor 
(IGF) [28, 29, 30]. 

Significant differences were also seen between 
OFD+DFDBA and OFD+FD-hPRP groups when 
compared between 0-week 4, 4-8 weeks, and  
0-8 weeks. This proves that the application of  
DFDBA and FD-hPRP as post OFD bone graft  
material increases the alveolar bone height over time. 
Bone healing is a complex process involving many  
cell types. In the bone healing phase, various cells’ 
behavior is regulated by various cytokines, growth 
factors, and unique receptor complexes with varying 
properties. Physiological interactions during the  
stages of bone healing will restore bone architecture  
and function within 6-8 weeks [31].

In Post Hoc LSD analysis, alveolar bone height 
also showed a non-significant difference between 
the OFD+DFDBA group 4-8 weeks and OFD+FD-
hPRP 0-week 4. This indicates that the difference of  
alveolar bone height in the treatment type and the 
observation time has the same pattern. The TGF 
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FD-hPRP as post OFD bone graft material affects 
increasing alveolar bone density in the treatment of  
periodontitis, as evidenced by the thickening of the 
alveolar bone trabeculae on the periapical radiograph. 
Alveolar bone healing after periodontitis treatment 
radiographically appears from the compaction of 
the bone image, which will increase the absorption  
of X-ray photons. Newly formed bone will absorb  
more X-rays so that only a few X-rays will hit the  
sensitive crystals on the film and show a radiopaque 
appearance [39]. 

The key of periodontal regenerative treatment is to 
stimulate progenitor cells to re-occupy the defects 
area. Growth factors are vital modulators that 
induce migration, attachment, proliferation, and  
differentiation of periodontal tissue progenitor cells 
[40]. Stimulation of BMP-2, -4, and -7, such as 
those contained in DFDBA, can affect the major  
transcription factors involved in osteoblast  
differentiation during osteogenesis, thereby increasing 
trabecular thickness. Trabeculae are considered 
important in radiographic images because the loss 
of trabeculae indicates reduced alveolar bone  
density. An increase in the number of trabeculae and 
a reduction in the trabecular separator due to BMP 
stimulation began to be seen on day 14 and became  
more pronounced on day 21. The alveolar bone 
remodeling phase is characterized by an increase  
in osteoblast stability, which indicates an increase in 
bone density [41, 42]. Gawish et al., in their research  
on animal experimental, proved that DFDBA could 
produce new bone formation on day 21. The 
radiographic appearance at six weeks after DFDBA 
application to bone defect showed an increase  
in the thickness of the alveolar bone trabeculae  
along with the loss of osteoclasts in Howship’s  
lacunae [43, 44].

Bone grafting with FD-hPRP is a more straightforward 
and physiological method of applying growth factors 
stimulating bone regeneration. The growth factors 
PDGF and TGF-β contained in PRP are believed to 
be physiological secretions of platelets, which are 
synergistically capable of initiating the alveolar bone 
healing process. Transforming growth factor-β1 is 
a cell-signaling molecule that plays a role in cell  
growth, migration, and differentiation in bone 
regeneration [45, 46]. Several in vitro studies suggest  
that the primary role of PDGF is in osteoblast  
proliferation. At the same time, TGF-β acts as a  
cellular differentiation agent as a marker of cell 
mineralization expression when incubated with pre-
osteoblastic cells. This shows that TGF-β can support 
osteoblast differentiation and produce molecules 
involved in osteoblast adhesion and angiogenic 
processes, so PRP is suitable for use in the early  
stages of bone healing because it will accelerate 
mineralization and alveolar bone density [47].

Freeze-dried human platelet-rich plasma preparations 
were prepared through a sterilization procedure 
to avoid bacterial infection, extend storage time, 
and maintain material bioactivity so that biological  
activity and growth factors in FD-hPRP were  
maintained as fresh PRP [48]. This has been proven  
by Murdiastuti et al. in their in vitro study evaluating  
the osteogenic potential of FD-hPRP. The results  
showed that FD-hPRP could affect the process of 
osteogenesis, as seen from osteoblast differentiation 
during seven days of incubation. A differentiation 
process can be identified by the morphological  
changes and an increase in the number of  
osteocytes in the bone cell culture population [49].  
This study follows the statement of Nakatani et al., 
who have proven that bone regeneration achieved  
after in vivo application of FD-hPRP can resemble  
fresh PRP [50].

CONCLUSION

Based on this research, it can be concluded that 
the application of FD-hPRP post OFD procedure  
increasing the alveolar bone height and density 
in periodontitis treatment, as seen from the results  
of the radiographic analysis in Oryctolagus cuniculus 
rabbits. Further research to examine the effect of  
FD-hPRP application as a bone graft material on  
alveolar bone regeneration at several observation  
time points with a longer observation time is 
recommended to be carried out in the future.

ACKNOWLEDGMENT

This study was supported by a grant Hibah  
Penelitian Dana Masyarakat Berbasis Luaran  
(Outcome based), Faculty of Dentistry, Universitas 
Gadjah Mada, Republic of Indonesia, in the fiscal  
year 2022 under contract No. 3255/UN1/FKG/Set.KG1/
LT/2022.

REFERENCES
 
1.	 Carmagnola, D.; Pellegrini, G.; Dellavia, C. 

Tissue engineering in periodontology: Biological 
mediators for periodontal regeneration. Int J 
Artif Organs 2019, 42(5): 241-257. https://doi.
org/10.1177/0391398819828558 

2.	 Chen, F.; Jin, Y. Periodontal Tissue Engineering 
and Regeneration: Current Approaches and 
Expanding Opportunities, Tissue Engineering Part 
B, 2010, 16(2): 2019-255. https://doi.org/10.1089/
ten.teb.2009.0562 

3.	 Majeed, Z. N.; Philip, K.; Alabsi, A. M.; Pushparajan, 
S.; Swaminathan, D. Indentification of Gingival 
Crevicular Fluid Sampling, Analytical Methods, 
and Oral Biomarkers for the Diagnosis and 
Monitoring of Periodontal Disease: A systematic 
review. Hindawi Publishing Corporation, Diesease 



Mal J Med Health Sci 19(SUPP5): 33-40, April 202338

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Markers, 2016, ID1804727: 23 pages. http://
dx.doi.org/10.1155/2016/1804727 

4.	 Chaparro, O.; Linero, I. Regenerative Medicine: 
A New Paradigm in Bone Regeneration. Intech, 
Advanced Techniques in Bone Regeneration, 
2016, Chapter 12: 253-274. http://dx.doi.
org/10.5772/62523 

5.	 Misch, C. E.; Misch-Dietsh, F. Keys to Bone 
Grafting and Bone Grafting Materials, In: Misch 
CE., ed. Contemporary Implant Dentistry, 3ed. St. 
Louis: Mosby 2008, 839-869

6.	 Vaziri, S.; Vahabi, S.; Torshabi, M.; Hematzadeh, S. 
In vitro assay for osteoinductive activity of different 
demineralized freeze-dried bone allograft. J 
Periodontal Implant Sci, 2012, 42: 224-230. http://
dx.doi.org/10.5051/jpis.2012.42.6.224 

7.	 Asprielo, S. D.; Ferrante, L.; Rubini, C.; Piemontese, 
M. Comparative study of DFDBA in Combination 
with Enamel Matrix Derrivative versus DFDBA 
Alone for Treatment of Periodontal Intrabony 
Defect at 12 months Post-Surgery. Clin Oral 
Investig. 2011, 15: 25-32. https://doi.org/10.1007/
s00784-009-0369-y 

8.	 Srivastava, R.; Verma, P. K.; Tripathi, V.; Tripathi, 
P. Demineralized freeze-dried bone allograft 
in treatment of interproximal vertical defect: A 
clinical report. Tanta Dent J, 2016, 13: 213-216. 
https://doi.org/10.4103/1687-8574.195719 

9.	 Jaiswal, Y.; Kumar, S.; Mishra, V, V.; Bansal, P.; 
Anand, K. R.; Singh, S. Efficacy of decalcified 
freeze-dried bone allograft in regeneration of 
small osseus defect: A comparative study. Natl J 
Maxillofac Surg. 2017, 8(2): 143-148. https://doi.
org/10.4103/0975-5950.221714 

10.	 Eppeley, B. L.; Woodell, J. E.; Higgins, J. B. 
S. Platelet quantification and growth factor 
analysis from platelet-rich plasma: Implications 
for wound healing. Plast. Reconstr. Surg. 2004, 
114(6): 1502-1508. https://doi.org/10.1097/01.
prs.0000138251.07040.51  

11.	 Bottegoni, C.; Dei Giudici, L.; Salvemini, S.; 
Chiurazzi, E.; Bencivenga, R.; Gigante, A. 
Homologous platelet-rich plasma for the treatment 
of knee osteoarthritis in selected elderly patient. 
Ther Ad Musculoskel Dis 2016, 8(2): 35-41. https://
doi.org/10.1177/1759720x16631188 

12.	 Rachmawati, T. The Effect of Allogenic Freeze-Dried 
Platelet-Rich Plasma in Responses Inflammation 
Reaction of Rabbit. Journal of SCRTE 2017, 1(1). 
http://dx.doi.org/10.20473/jscrte.v1i1.7569 

13.	 Murdiastuti, K.; Yuniawati, F.; Herawati, D.; 
Purwanti, N.; Oktarina, D. A. M. Effect of freeze-
drying process of collagen-activated platelet-rich 
plasma on transforming growth factor-β1 level. 
Maj Ked Gi Ind. 2019, 5(2); 82-85. https://doi.
org/10.22146/majkedgiind.40197 

14.	 Miloro, M.; Haralson, D. J.; Desa, V. Bone healing 
in rabbit mandibular defect using platelet-rich 
plasma. J Oral Maxillofac Surg. 2010. 68(6): 1225-

30. https://doi.org/10.1016/j.joms.2009.09.090 
15.	 Zenobia, C.; Hasturk, H.; Nguyen, D.; Van Dyke, 

T. E.; Kantarci, A.; Darveau, R. P. Porphyromonas 
gingivalis lipid A phosphatase activity is critical for 
colonization in increasing the commensal load in 
the rabbit ligature model. J.ASM. 2014. 82(2): 650-
659. https://dx.doi.org/10.1128%2FIAI.01136-13 

16.	 Naing, L.; Winn, T.; Rusli, B. N. Practical Issues in 
Calculating the Sample Size for Prevalence Studies. 
Arch Orofac Sci. 2006, 1: 9-14. ISSN: 1823-8602.

17.	 Cooper, C. S.; Metcalf-Pate, K. A.; Barat, C. E.; 
Cook, J. A.; Scorpio, D. G. Comparison of Side 
Effects between Bupenorphine and Meloxicam 
Used Postoperatively in Dutch Belted Rabbits 
(Oryctolagus cuniculus). J. Am. Assoc. Lab. Anim. 
Sci. 2009. 48(3): 279-285. PMCID: PMC2696831.

18.	 Barros, F. C.; Braga, F. F.; Fischer, R. G.; Figueredo, 
C. M. Effects of nonsurgical periodontal treatment 
on the alveolar bone density. Braz Dent J. 2014. 
25(2): 90-95. https://doi.org/10.1590/0103-
6440201302308 

19.	 Hatakeyama, M.; Master; Beletti, M.; Barbosa, D.; 
Dechichi, P. Radiographic and histomorphometric 
analysis of bone healing using autogenous graft 
associated with platelet rich plasma obtained by 
2 different methods. Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2008. 105: el3-el8. https://doi.
org/10.1016/j.tripleo.2007.07.033 	

20.	 Lin, F. Y.; Hsiao, F.P.; Huang, C. Y.; Shih, C. M.; 
Tsao, N. W.; Tsai, C. S.; Yang, S. F.; Chang, N. C.; 
Hung, S. L.; Lin, Y. W. Porphyromonas gingivalis 
GroEL Induces Osteoclastogenesis of Periodontal 
Ligament Cells and Enchances Alveolar Bone 
Resorption in Rats. PLOS One 2014. 9(7): e102450. 
https://doi.org/10.1371/journal.pone.0102450 

21.	 Suh, J. S.; Kim, S.; Bostorm, K. L.; Wang, C. Y.; 
Kim, R. H.; Park, N. H. Periodontitis-induced 
systemic inflammation exacerbates atherosclerosis 
partly via endothelial-mesenchymal transition in 
mice. Int. J. Oral. Sci. 2019, 11:21. https://doi.
org/10.1038/s41368-019-0054-1 

22.	 Behle, J. H.; Sedaghatfar, M. H.; Demmer, R. T.; 
Wolf, D. L.; Celenti, R.; Kebschull, M.; Belusko, P. 
B.; Herrera-Abreu, M.; Laila, E.; Papapanou, P. N. 
Heterogeneity of Systemic Inflammatory Responses 
to Periodontal Therapy. J Clin Periodontol, 2009. 
36(4): 287-294. https://doi.org/10.1111/j.1600-
051X.2009.01382.x. 

23.	 Rogers, J. E.; Li, F.; Catney, D. D.; Rossa, C.; Bronson, 
P.; Krieder, J. M., Giannobile, W. V.; Kirkwood, 
K. L. Actinobacillus actinomycetemcomitans 
lipopolysaccharide-mediated experimental 
bone loss model for aggressive periodontitis. J 
Periodontol 2007. 78(3): 550-8.

 	 https://doi.org/10.1902/jop.2007.060321 
24.	 Toledano-Osorio, M.; Toledano, M.; Manzano-

Moreno, F. J.; Vallecillo, C.; Vallecillo-Rivas, M.; 
Rodrigues-Archilla, A.; Osorio, R. Alveolar Bone 
Ridge Augmentation Using Polymeric Membranes: 



Mal J Med Health Sci 19(SUPP5): 33-40, April 2023 39

A Systemic Review and Meta-Analysis. Polymers 
2021. 13(1172):1-12. https://doi.org/10.3390/
polym13071172 

25.	 Corbet, E. F.; Ito, D. K. L.; Lai, S. M. L. Radiographs 
in Periodontal Disease Diagnosis and Management. 
Aust. Dent. J. 2009, 54 (1suppl): 527-543. https://
doi.org/10.1111/j.1834-7819.2009.01141.x. 

26.	 Shigeyama, Y.; D’Errico, J. A.; Stone, R.; Somerman, 
M. J. Commercially-prepared allograft material 
has biological activity in vitro. J Periodontol 
1995. 66(6): 478-87. https://doi.org/10.1902/
jop.1995.66.6.478 

27.	 Wood, R. A.; Mealey, B. L. Histological Comparison 
of Healing Following Tooth Extraction with Ridge 
Preservation Using Mineralized vs Demineralized 
Freeze-Dried Bone Allograft. J Periodontol 
2012. 83(3): 329-336. https://doi.org/10.1902/
jop.2011.110270 

28.	 Arbildo, H. I.; Gamarra, L. G.; Rojas, S.; Infantes, 
E.; Lamas, C.; Vasquez, H. Clinical effect of 
platelet-rich plasma in the treatment of periodontal 
intrabony defects: systematic review and meta-
analysis. J. Oral Res 2017. 6(4): 97-104. https://
doi:10.17126/joralres.2017.036   

29.	 Hakimi, M.; Jungbluth, P.; Sager, M.; Betsch, 
M. Combined use of platelet-rich plasma and 
autologous bone grafts in the treatment of long 
bone defects in mini-pigs. Injury. 2010, 41(7): 717-
723. https://doi.org/10.1016/j.injury.2009.12.005 

30.	 Smrke, D.; Gubina, B.; Domanovic, D.; Rozman, P. 
Allogenic platelet gel with autologous cancellous 
bone graft fot the treatment of a large bone defect. 
Eur. Surg. Res. 2007, 39(3): 170-174. http://dx.doi.
org/10.1159/000100490 

31.	 Poniatowski, L. A.; Wojdasiewicz, P.; Gosik, R.; 
Szukiewicz, D. Transforming Growth Factor Beta 
Family: Insight into the role of growth factors 
in regulation of fracture healing biology and 
potential clinical application: Review Article. 
Mediat Inflamm. 2015. 137823: 1-17. https://doi.
org/10.1155/2015/137823 

32.	 Ghaemi, S. R.; Delalat, B.; Ceto, X.; Harding, F. 
J.; Tuke, J.; Voelcker, N. H. Synergistic influence 
of collagen I and BMP-2 drives osteogenic 
differentiation of mesenchymal stem cells: A cell 
microarray analysis. Acta Biomater 2016. 34: 41-
52. https://doi.org/10.1016/j.actbio.2015.07.027 

33.	 Cottrell, J. A.; Keane, O.; Lin, S. S.; O’Connor, 
J. P. BMP-2 modulates expression of other 
growth factors in a rat fracture healing model. J 
Appl. Biomed 2014. 12: 127-135. http://dx.doi.
org/10.1016/j.jab.2014.02.003 

34.	 Grafe, I.; Alexander, S.; Peterson, J.R.; Snider, 
T.N.; Levi, B.; Lee, B.; Mishina, Y. TGF-β Family 
Signaling in Mesenchymal Differentiation. Cold 
Spring Harbour Perspective in Biology. 2018, 
50 pages. https://doi.org/10.1101/cshperspect.
a022202 

35.	 Chen, G.; Deng, C.; Li, Y. P. TGF-β and BMP 

Signaling in Osteoblast Differentiation and Bone 
Formation. Int. J. Biol. Sci. 2012, 8(2): 272-288. 
https://doi.org/10.7150/ijbs.2929. 

36.	 Yu, Z.; Li, Y.; Wang, Y.; Chen, Y.; Wu, M.; Wang, 
Z.; Song, M.; Lu, F.; Lu, X.; Dong, Z. TGF-β prevent 
the denervation-induced reduction of bone 
formation and promotes the bone regeneration 
through inhibiting ubiquitin-proteasome pathway. 
Bioscience Reports. 2019, 39. https://doi.
org/10.1042/BSR20190350. 

37.	 Cho, T. J.; Gerstenfeld, L. C.; Einhorn, T. A. 
Differential temporal expression of members of 
the transforming growth factor beta superfamily 
during murine fracture healing. J Bone Miner 
Res 2002. 17: 513-520. https://doi.org/10.1359/
jbmr.2002.17.3.513 

38.	 Gaidhani, K. A.; Harwalkar, M.; Bhambere, D.; 
Nirgude, P. S. Lyophilization/Freeze-Drying-A 
Review. World J. Pharm. Res. 2015, 4(8): 516-543. 
ISSN: 2277-7105.

39.	 Islam, M. S.; Aryasomayajula, A.; Selvaganapathy, 
P. R. A Review on Macroscale Cell Lysis Method. 
Micromachines 2017. 8(3); 83. https://dx.doi.
org/10.3390%2Fmi8030083 

40.	 Walton, R. E.; Torabinejad, M. Principles of 
Endodontics 4th ed. Philadelphia, Sauders 2009. 
57.

41.	 Polimeni, G.; Xiropaidis, A. V.; Wikesjo, V. M. 
Biology and principles of periodontal wound 
healing regeneration. Periodontol 2000 2006. 
41: 30-47. https://doi.org/10.1111/j.1600-
0757.2006.00157.x 

42.	 Martin, R. M.; Correa, P. H. S. Bone quality and 
osteoporosis therapy. Arq Bras Endocrinol Metab 
2010. 54(2). https://doi.org/10.1590/S0004-
27302010000200015 

43.	 Sumantri, D. D. S.; Firman, R. N., Azhari, A. Analisis 
radiograf periapikal menggunakan software 
image pada abses periapikal setelah perawatan 
endodontic. Maj Ked Gi Ind. 2017. 3(1); 29-34. 
http://dx.doi.org/10.22146/majkedgiind.10468 

44.	 Gawish, A.; Shalby, H.; Ghoniem, M.; Selim, M. 
The effect of autologous bone marrow-concentrate 
and demineralize freeze-dried bone allograft in 
management of experimentally induced intrabony 
periodontal defect in rat (immunohistochemical 
and radiographic study). Egypt Dent J 2018. 
64(1): 287-300. https://dx.doi.org/10.21608/
edj.2018.77081 

45.	 Andrades, J. A.; Han, B.; Becerna, J.; Sorgente, N.; 
Hall, F. L.; Nimni, M. E. A recombinant human TGF-
beta1 fusion protein with collagen-binding domain 
promotes migration, growth, and differentiation of 
bone marrow mesenchymal cells. Exp. Cell. Res. 
1999. 250: 485-498. https://doi.org/10.1006/
excr.1999.4528 

46.	 Yin Sun, B.; Xiang Zhao, B.; Ying Zhu, J.; Ping 
Sun, Z.; An Shi, Y.; Huang, F. Role of TGF-beta1 
expressed in bone marrow-derived mesenchymal 

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)



Mal J Med Health Sci 19(SUPP5): 33-40, April 202340

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

stem cell in promoting bone formation in rabbit 
femoral deffect model. Int. J. Mol. Med. 2018. 42: 
897-904. https://doi.org/10.3892/ijmm.2018.3692 

47.	 Mariano, R. C.; de Melo, W. M.; Avelino, C. C. 
Comparative radiographic evaluation of alveolar 
bone healing associated with autology platelet-
rich plasma after impacted mandibular third molar 
surgery. J Oral Maxillofac Surg 2012. 70: 19-24. 
https://doi.org/10.1016/j.joms.2011.03.028 

48.	 Shiga, Y.; Kubota, G.; Orita, S.; Inage, K.; Kamoda, 
H.; Yamashita, M.; Iseki, T.; Ito, M.; Yamauchi, K.; 
Eguchi, Y.; Sainoh, T.; Sato, J.; Fujimoto, K.; Abe, 
K.; Kanamoto, H.; Inoue, M.; Kinoshita, H.; Furuya, 
T.; Koda, M.; Aoki, Y.; Tonoye, T.; Takashi, K.; 
Ohtori, S. Freeze-dried human platelet-rich plasma 

retain activation and growth factor expression after 
an eight-week preservation period. Asian Spine J 
2017. 11(3): 329-336. https://doi.org/10.4184/
asj.2017.11.3.329 

49.	 Murdiastuti, K.; Olivia, N.; Kusumadewi, W.; 
Sumito, N. In vitro Osteogenic Potential of 
Freeze-Dried Homologous Platelet-Rich Plasma. 
Dent. Hypotheses 2021. 12(2): 91-95. https://doi.
org.10.4103/denthyp.denthyp_183_20 

50.	 Nakatani, Y.; Agata, H.; Sumita, Y.; Koga, T.; 
Asahita, I. Efficacy of freeze-fried platelet-rich 
plasma in bone engineering. Arch Oral Biol. 
2016. 73: 172-178. https://doi.org/10.1016/j.
archoralbio.2016.10.006 


