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ABSTRACT

Background: The mode of harvesting autogenous bone grafts can affect the quality of harvested 
bone and viability. The present study was carried out to evaluate cellular viability, differentiation 
and  proliferative power in autogenous bone graft harvested by auto chip maker versus milled bone 
block. 

Materials and Methods: 16 bone samples were harvested. In group I (n=8): auto chip maker 
(ACM) was used while in group II (n=8): bone blocks were harvested then milled. Flow cytometry, 
alkaline phosphatase  activity, MTT assay, Alizarin Red Staining, and Real-Time PCR were 
performed.

Results: Group I had a significantly higher cell viability. MTT assay revealed a significant 
increase in cell proliferation in the ACM group. Both groups showed decrease in (RUNX2) gene 
expression over four days and increase in type 1 collagen alpha 1 and osteocalcin gene expression 
at 4th evaluation day with a statistical significant higher level of both markers in the ACM group. 

Conclusion: ACM group showed better osteoblasts viability, proliferation, differentiation, and 
calcified tissue formation.  
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INTRODUCTION 

The gold standard of bone grafts is the autogenous 
bone due to its osteogenic (osteoprogenitor cells), 
osteoinductive (bone morphogenetic proteins), 
osteoconductive (scaffold) characteristics, and other 
growth factors. (1) Particulate bone graft permits 
better cellular attachment, cell migration, nutrient 
diffusion, and blood vessel ingrowth during the 
bone repair process.  Moreover, the total surface 
area of particles is larger than that of a block graft. 
Consequently, osteoclastic activity is facilitated, 
resulting in enhanced resorption and regeneration. 
(2,3) Several studies have pointed to the fact that 
the harvesting technique has a significant influence 
on the viability of bone cells within the autografts 
(4,5,6) but to the best of our knowledge  few data are 
available regarding how the harvesting technique 
affects the graft characteristics.

Aim of the study

The present study was carried out to evaluate 
osteoblasts viability, differentiative and  proliferative 
power in particulate autogenous bone graft harvested 
by two different techniques; auto chip maker (ACM) 
versus milling of a bone block. The evaluation was 
based on biochemical and genetic assessment.

MATERIALS AND METHODS

Surgeries and Care of the study animals were 
performed at the Surgical unit, Faculty of Veterinary 
Medicine, Cairo University, Egypt. Power analysis 
of 16 samples (8 samples  in each group) had 80% 
power assuming that the effect size was 1.51 using 
a two group t-test with a 5% two-sided significance 
level. Software used for sample size calculation was 
G power version 3.0.1 . (7) This was based on a study 
which evaluated cell viability in milled autogenous 
bone grafts. (5)

Harvesting particulate bone in group I was 
performed using  a cylindrical trephine-like drill 
(Ø: 4 mm) with a hollow part in the center and a 

stopper to limit the depth of drill penetration up to 4 
mm (Auto Chip Maker (ACM), Neobiotech, Seoul, 
Korea). While For Group II, trephine bur with an 
inner diameter of 5 mm (MCTBIO, Poland), chisel 
and mallet were used to harvest bone block that was 
then  crushed to particulate bone by  bone mill (BM) 
(Helmut zepf, Germany).

Bone samples were obtained from male adult 
mongrel dogs (1-2 years old). The dogs were 
sedated by i.v. Xylazine HCl 2% at a dose of 1mg/ 
kg (Xylaject 2%®, ADWIA, Egypt). Then, general 
anesthesia was induced using i.v. Ketamine HCl at 
a dose of 10 mg/kg (Alfasan®, International B.V. , 
Holland) and maintained by i.v. Thiopental sodium 
at a dose of 25mg/kg (Thiopental sodium®, EIPICO, 
Egypt).  A flap was elevated at the lateral portion 
of the mandible using surgical scalpel and bone 
sample was collected.  For GI, ACM was used  at 
a speed and torque of 500 rpm 35Ncm.  For GII, 
trephine bur was used at 2,000 rpm, 50Ncm. Bone 
samples were immediately placed in Alpha modified 
eagle medium (α-MEM) supplemented with 1% 
antibiotics-antimycotic (10,000 IU/mL penicillin, 
10,000 μg/mL streptomycin) then transported to 
the cell culture unit immediately. Blindness was 
ensured for the laboratory analysis as the ampoules 
containing the samples were coded with numbers  
then sent to the lab. Thus, the author responsible 
for biochemical and genetic analysis in the lab was 
unable to distinguish between samples of each study 
group.  The surgical site was rinsed and sutured 
using absorbable #0 polyglactin suture (Vicryl®, 
India) in simple interrupted pattern. Postoperative 
ceftriaxone IM was administrated (5 days 30mg/
kg once daily) and diclofenac sodium IM (3 days 
1.1mg/kg twice daily).  

Cell isolation and culture

The particulate bone samples were transferred 
to sterile tubes to be rinsed with phosphate-
buffered saline (PBS). After two times of washing, 
osteoblasts were isolated using a mixture of 
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collagenase/trypsin (3:1), where minced tissue 
was digested twice every 15 mins in a mixture 
of collagenase/trypsin. Viability of the isolated 
cells was assessed by flow cytometry.  After that, 
the cells were placed in the culture flasks for two 
weeks of culturing, 75 cm3 culture flasks contained 
3mL of α-MEM supplemented with antibiotics 
(100 mg/mL penicillin G; 50 mg/mL gentamycin, 
0.68mM l-glutamine, and 15% FBS). The flasks 
were incubated in 5% CO2 at 37ºC and the medium 
was changed twice daily with no osteogenic factors 
added. During the cell culture process, the seeded 
cells were evaluated under inverted microscope 
to assess activity and microbial contamination. 
After two weeks, the seeded osteoblasts reached a 
confluence of 85 %. The seeded cells were detached 
from the bottom of culture flasks using EDTA-
trypsin solution [0.25% trypsin, 0.1% glucose, 
PBS (pH 7.8)] . For cell counting, 20 μL of cell 
suspension was mixed with 20 μL of Trypan Blue 
and transferred to a hemocytometer chamber, and 
the viable cells were counted under a microscope. 
The osteoblasts in each flask were transferred to 96-
well culture plates for analysis over four consecutive 
days.  A total of 1x103cell harvested from 75cm3 of 
culture flask were transferred to each per well of 96-
well plate. Plates were used for alkaline phosphatase 
(ALP), cell proliferation assays (MTT), quantitative 
real-time polymerase chain reaction (qRT-PCR) 
experiments, and Alizarin Red staining. 

Biochemical Analysis: Osteoblast viability 
Assay using Flow Cytometry: Analysis of cell 
viability was done on the day of  the harvesting.  
Flow cytometers utilize lasers as light sources to 
produce both scattered and fluorescent light signals. 
If the cell population was negative Annexin V/ 
negative PI; it indicated healthy cells. Cell viability 
of both groups was analyzed with FACS using a 
flow cytometer instrument (BD Biosciences, San 
Jose, CA, USA). (8) Alkaline phosphatase (ALP) 
assay using ELISA technique: Seeded cells were 
rinsed with PBS to wash off the overlaying culture 

medium. Then, 500 μL of the assay buffer solution 
available in the ELISA kit was added to each 
well according to the manufacturer’s instructions 
(Wuhan Fine Biotech, China). After centrifugation 
(13,000 rpm for 10 minutes), the supernatant was 
transferred to a 96-well plate and the protocol was 
followed. The resultant color change, having a direct 
correlation with the alkaline phosphatase (ALP) 
activity of GI and GII isolated cells, was measured 
by ELISA reader at absorbance 450 nm wavelength 
and reported as optical density (OD). (9)  

Alizarin Red staining assay: It was used to 
measure quantitatively the calcium-containing 
osteoblasts in cell culture wells using 96-well 
plates. Mineralization analysis was performed after 
fluorescence labeling of the cells with Alizarin Red 
staining post-seeding over 4th days. The stained cells 
detected more absorbance using (BMG Labtech, 
Germany).  

Osteoblast proliferation (MTT assay): This was 
investigated post-seeding at an interval of 4 days. 
First, 20 μL MTT working solution was added to the 
medium and incubated 4 hours. The medium was 
then discarded, and 150 μL of dimethyl sulfoxide 
(DMSO) was added. The obtained solution 
was then transferred to a 96-well plate and the 
resultant color change (direct correlation with the 
metabolic activity) was measured by ELISA reader 
at absorbance (450) nm wavelength and reported 
as optical density (OD). The means and standard 
deviation were used to produce the cell growth 
curve after normalization . (10) 

Genetic Analysis by qRT-PCR: Total RNA 
was extracted from the seeded osteoblasts of G I 
and GII using the Invitrogen RNA Purification kit 
(Thermo Fisher Scientific, USA) according to the 
manufacturer’s protocol. Primer sequences used 
for amplification of the proposed genes were as 
follow: 5’-CAGACCAGCAGCACTCCATA-3’ 
and 5’-CAGCGTCAACACCATCATTC-3’ for 
Runt-related transcription factor 2 (Runx2), 
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5’-ACAGCCGCTTCACCTACAGT-3’ and 
5’-ATATCCATGCCGAATTCCTG-3’ for 
Type I collagen, alpha1 (COL1α1), as well as 
5’-AGCTGTGATGACAAGGACCC-3’ and 
5’-AGGGGTGAAATGGGCACTCT-3’  for 
osteocalcin (OC). qRT-PCR was performed on 
DT-lite Real-Time PCR System (English/Russian 
system) using the MiScript SYBR Green PCR kit 
(Qiagen, Valencia, USA). 

Statistical analysis:

Numerical data were presented as mean and 
standard deviation values. The data were tested for 
normality using the Shapiro-Wilk test. They were 
normally distributed so they were analyzed using 
an independent t-test for intergroup comparisons 
and repeated measures ANOVA followed by 
Bonferroni post hoc test for intragroup comparisons. 
Significance level was set at p≤0.05 within all tests. 
Statistical analysis was performed with R statistical 
analysis software version 4.1.2 for Windows.

RESULTS

Biochemical findings

Osteoblasts viability: Flow cytometry analysis 
showed that Group I (ACM) had a significantly 
higher (95.88±1.53) mean value for cell viability 
(%) than group II (BM) (59.36±4.44) (P<0.001). 

Alkaline phosphatase (ALP) activity: Mean and 
standard deviation (SD) values for normalized 
alkaline phosphatase (ALP) levels for both groups 
are presented in (Table 1). At day 0, both groups 
had the same mean value (1.00±0.05) while at 
1st, 2nd and 3rd days, group I (ACM) exhibited a 
significantly higher mean value of ALP activity 
than group II (BM) (P< 0.05). Alizarin Red staining 
(ARS): The absorbance values (%) for both groups 
are presented in (Table 1). At day 0, both groups 
had the same mean value (1.00±0.05) while at 
1st, 2nd and 3rd days, group I (ACM) exhibited a 
significantly higher mean value of Alizarin Red 
staining than group II (BM) (P< 0.05). Osteoblast 
proliferation: Mean & standard deviation values 
for relative proliferation rate (%) for both groups 
are presented in (Table 2). At day 0, both groups 
had same mean value (100.00±5.00) while at 1st, 2nd 
& 3rd day, group I (ACM) exhibited a significantly 
higher mean value of osteoblast proliferation than 
group II (P< 0.05). 

Genetic findings: 

Runt-related transcription factor2 (Runx2): 
Mean and standard deviation values for (Runx2) 
relative mRNA expression for both groups are 
presented in (Table 2). At 1st day, both groups had 
the same mean value (1.00±0.05) . At 2nd and 3rd 
days, group I showed non-significant higher mean 

TABLE (1) Mean and standard deviation values for ALP and ARS ( %) levels 

Time
 ALP levels P-value Relative ARS (%) P-value

Group I Group II Group I Group II 

Day 0 1.00±0.05 1.00±0.05 1ns 100.00±5.00 100.00±5.00 1ns

Day1 2.02±0.10 1.75±0.08 <0.001* 185.65±9.28 132.06±6.60 <0.001*

Day2 2.12± 0.10 1.76± 0.08 <0.001* 190.41±9.52 155.85±7.70 <0.001*

Day3 2.66± 0.13 1.83±0.09 <0.001* 309.96±15.49 206.17±10.30 <0.001*

Day4 3.50 ±0.17 2.17±0.10 <0.001* 504.13±25.20 208.80±10.44 <0.001*

*: significant (P < 0.05); ns: non-significant (P>0.05). ACM: auto chip maker; BM: Bone mill
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value than group II (P>0.05). At 4th day, group II 
(BM) exhibited a significantly higher mean value 
than group I (ACM) (P< 0.05). Type 1 collagen 
alpha1 (COL1α1) : Mean and standard deviation 
values for (COL1α 1) type 1 collagen relative 
mRNA expression for both groups are presented 
in (Table 3). At day 1, both groups had the same 
mean value (1.00±0.05) while at 2nd, 3rd and 4th days, 
group I (ACM) exhibited a significantly higher mean 

DISCUSSION

Mongrel dogs were selected as an animal 
model in the current study due to their similar bone 
composition and metabolism as humans . (11, 12)  

they were less susceptible to genetic diseases than 
other breeds of dogs. (13) 1-2 years old to exclude 
age or systemic related diseases and to facilitate the 

value of COL1α1than group II (BM) (P< 0.05). 

Osteocalcin (OC): Mean and standard deviation 

values for OC relative mRNA expression for both 

groups are presented in (Table 3). At day 1, both 

groups had the same mean value (1.00±0.05) while 

at 2nd, 3rd and 4th days, group I (ACM) exhibited a 

significantly higher mean value of OC than group II 

(BM) (P< 0.05).

healing of the soft and hard tissues . After harvesting 
the grafts, the samples were maintained in α-MEM 
supplemented with penicillin, gentamycin, and 
FBS, which are not harmful to the cells when used 
at certain concentrations as mentioned before .(14,15)  

It is important to notice that the seeding period in 
the present study was two weeks and analysis of 

TABLE (2) Mean and standard deviation for relative proliferation rate & Runx2 relative mRNA expression 

Time
 Relative proliferation rate (%)

P-value
(Runx2) relative mRNA expression

P-valueGroup I Group II 
Group I Group II 

Day 0 100.00±5.00 100.00±5.00 1ns

Day1 193.17±9.60 145.69±7.30 <0.001* 1.00±0.05 1.00±0.05 1ns

Day2 202.22±10.11 160.00±8.00 <0.001* 1.20±0.06 1.13±0.06 0.071ns

Day3 250.47±12.50 174.16±8.70 <0.001* 0.91±0.04 0.94±0.05 0.278ns

Day4 296.190±14.00 188.05±9.40 <0.001* 0.77±0.03 0.85±0.04 0.003*

*: significant (P < 0.05). ns: non-significant (P>0.05). ACM: auto chip maker; BM: Bone mill

TABLE (3) Mean and standard deviation values for COL1α 1 & OC relative mRNA expression 

Time
COL1α1 relative mRNA expression

P-value
OC) relative mRNA expression

P-value
Group I Group II Group I Group II 

Day1 1.00±0.05 1.00±0.05 1ns 1.00± 0.05 1.00± 0.05 1ns

Day2 3.40±0.17 1.70±0.08 <0.001* 7.20±0.36 6.70±0.33 0.031*

Day3 5.30±0.26 2.50±0.12 <0.001* 11.50±0.57 9.30±0.46 <0.001*

Day4 9.50±0.47 4.00±0.20 <0.001* 15.70±0.78 10.00±0.50 <0.001*

*: significant (P < 0.05). ns: non-significant (P>0.05).
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osteoblast differentiation was conducted 2 weeks 
post seeding differentiated bone tissue is formed 
after 2 weeks in culture, whereas mineralization 
of the tissue occurs after 3 weeks . (16) Regarding 
the analysis techniques used in the present study;  
Flow cytometry has become the methodology of 
choice for the quantitative analysis of cell viability, 
apoptosis, and necrosis. (4) ALP has an important 
role in mineralization and its expression coincides 
with the synthesis of COL1α1. Positive ALP 
activity indicates that survived osteoblasts are still 
vital after the harvesting procedure (17). The MTT 
assay is a colorimetric assay for the assessment of 
cell proliferation by measuring oxidative-reductive 
mitochondrial enzymes. (18) qRT-PCR is a routine 
tool in molecular biology with a wide range of 
applications.  Runx2 is considered crucial for 
osteogenic differentiation of progenitor cells by 
inducing the expression of osteoblast specific genes, 
such as ALP, OC, and COL1α1 . (19)   

COL1α1 is an early marker of osteoblast 
differentiation and its expression is observed during 
transformation of osteoprogenitor cells to pre-
osteoblasts. Induction of extracellular matrix (ECM) 
has a major activity on osteogenic cells that occurs 
due to the activity of COL1α1. (20, 21)   OC is a small 
calcium-binding protein found predominantly in the 
ECM of bone and is considered a late marker for 
osteogenic differentiation and most specific marker. 
It’s essential that the outgrowing cells in culture 
are mature osteoblasts to produce mineralized bone 
matrix. (17)  

The ACM had a significantly higher percentage 
of cell viability (95.9%) than BM technique (59. 
3%). This could be attributed to heat temperature 
generated during drilling force and its potential 
damage to bone cells. (22) Additionally, the degree 
of crushing is an important factor in bone viability 
and clinical predictability of autogenous bone  
grafts. (23)  Intra group statistical analysis of ALP 
activity revealed significant increase by time in both 

groups. This indicates that the osteoblasts survive 
and have activity. (24) Intergroup statistical analysis 
revealed better ALP activity in the ACM group. 

This is in agreement with the results of Liang et 
al. (2017) (25), who found a significantly higher ALP 
activity in the low-speed technique. There was a 
significant increase in MTT osteoblast proliferation 
in both groups by time in accordance to previous 
studies that used the trephination technique of 
harvesting bone and revealed a significant increase 
in proliferation by time (18, 25). Concerning MTT 
intergroup comparison, significant higher values 
were obtained in the ACM group over the four 
consecutive assessments. These could be due to 
the differences in the speed and torque of bur used 
in each technique. The ACM bur is less thermal 
and mechanically traumatic to harvested tissue, 
which may have a positive effect on viability and 
cell proliferation.  Results from the analysis of the 
expression of osteoblast markers support the findings 
regarding the assessment of the cell viability, 
activity, and cell proliferation. The results revealed 
that the ACM group demonstrated a significantly 
higher percentage of cell differentiation compared 
to the BM group.  In both groups, runt-transcription 
factor Runx2 gene expression showed a statistically 
significant decrease from day 1 to day 4. This results 
is in accordance with previous studies.(26, 27) Inter 
group statistical analysis of COL1α1 and OC genes 
revealed significantly higher levels of both genes in 
the ACM technique compared to the BM technique. 
Taking into consideration the role of OC and Col1α 
in osteogenic differentiation, this means that the 
ACM technique results in higher cell differentiation 
and viability over time than BM technique. These 
is in accordance to a study which demonstrated that 
particulate bone obtained by low-speed drilling 
has superior biological properties. (28) Alizarin Red 
staining test demonstrated that the ACM group 
revealed a significantly higher percentage of 
mineralized tissue formation compared to the BM 
group. The calcified materials in the specimens 
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absorb the dye and appear red under the microscope. 
Observing the calcified materials produced by the 
transplanted cells means these cells are viable and 
functional. (29)   

CONCLUSIONS

Particulate autogenous bone harvested by 
ACM drill showed better osteoblasts viability, 
proliferation, differentiation, and calcified tissue 
formation.

Declaration of conflicting interests: All authors 
declare no potential conflicts of interest with respect 
to the research, authorship, and/or publication of 
this article.

Ethics statement: This study was approved by 
the research ethics committee at faculty of dentistry, 
Ain Shams University (854-2020), Egypt. 

ACKNOWLEDGMENT

This study was supported by a grant from 
Ministry of Higher Education, University of Aden, 
Yemen. 

REFERENCES   

1. Bauer TW, Muschler GF. Bone graft materials: an 

overview of the basic science. Clin Orthop Relat Res. 

2000; 371:10–27. 

2. McAllister BS, Haghighat K. Bone augmentation tech-

niques. J Periodontol. 2007;78(3):377–96. 

3. Jensen SS, Yeo A, Dard M, Hunziker E, Schenk R, Buser 

D. Evaluation of a novel biphasic calcium phosphate in 

standardized bone defects. A histologic and histomorpho-

metric study in the mandibles of minipigs. Clin Oral Im-

plants Res. 2007;18(6):752–60. 

4. Atari M, Chatakun P, Ortiz O, Mañes A, Gil-Recio C, Fab-

regat Navarro M, et al. Viability of maxillary bone harvest-

ing by using different osteotomy techniques. a pilot study. 

Histol Histopathol. 2011;26(12):1575–83. 

5. Miron RJ, Hedbom E, Saulacic N, Zhang Y, Sculean A, 

Bosshardt DD, et al. Osteogenic potential of autogenous 

bone grafts harvested with four different surgical tech-

niques. J Dent Res. 2011;90(12):1428–33. 

6. Miron RJ, Gruber R, Hedbom E, Saulacic N, Zhang Y, 

Sculean A, et al. Impact of bone harvesting techniques 

on cell viability and the release of growth factors of au-

tografts. Clin Implant Dent Relat Res. 2013;15(4):481–9. 

7. Faul F, Erdfelder E, Lang A-G, Buchner A. G* Power 3: A 

flexible statistical power analysis program for the social, 

behavioral, and biomedical sciences. Behav Res Methods. 

2007;39(2):175–91. 

8. McKinnon KM. Flow cytometry: An overview. Curr Pro-

toc Immunol. 2018;2018(February):5.1.1-5.1.11. 

9. Nakashima K, Roehrich N, Cimasoni G. Osteocalcin, 

prostaglandin E2 and alkaline phosphatase in gingival cre-

vicular fluid: their relations to periodontal status. J Clin 

Periodontol. 1994;21(5):327–33. 

10. Van Meerloo J, Kaspers GJ, Cloos J. Cell sensitivity as-

says: the MTT assay. Methods Mol Biol. 2011;731:237-45. 

11. Pearce AI, Richards RG, Milz S, Schneider E, Pearce SG. 

Animal models for implant biomaterial research in bone: A 

review. Eur Cells Mater. 2007;13(0):1–10. 

12. Wancket LM. Animal models for evaluation of bone im-

plants and devices: comparative bone structure and com-

mon model uses. Vet Pathol. 2015;52(5):842–50. 

13. Decker JF, Lee J, Cortella CA, Polimeni G, Rohrer MD, 

Wozney JM, et al. Evaluation of implants coated with 

recombinant human bone morphogenetic protein-2 

and vacuum-dried using the critical-size supraalveolar 

peri-implant defect model in dogs. J Periodontol. 2010; 

81(12):1839–49. 

14. Garcia T, Roman-roman S, Jackson A, Theilhaber J, Con-

nolly T, Spinella-jaegle S, et al. Behavior of osteoblast, 

adipocyte, and myoblast markers in genome-wide expres-

sion analysis of mouse calvaria primary osteoblasts in vi-

tro. Bone. 2002;31(1):205–11. 

15. Francis GL. Albumin and mammalian cell culture: impli-

cations for biotechnology applications. Cytotechnology. 

2010;62(1):1–16. 



(3236) Randa A.A. Ali, et al.E.D.J. Vol. 68, No. 4

16. Holy CE, Shoichet MS, Davies JE. Engineering three-

dimensional bone tissue in vitro using biodegradable 

scaffolds: Investigating initial cell-seeding density and 

culture period. J Biomed Mater Res. 2000;51(3):376–82. 

17. Pekovits K, Wildburger A, Payer M, Hutter H, Jakse N, 

Dohr G. Evaluation of graft cell viability—efficacy of 

piezoelectric versus manual bone scraper technique. J oral 

Maxillofac Surg. 2012;70(1):154–62. 

18. You J-S, Kim S-G, Oh J-S, Kim J-S. Effects of platelet-

derived material (platelet-rich fibrin) on bone regeneration. 

Implant Dent. 2019;28(3):244–55. 

19. Komori T. Regulation of bone development and 

extracellular matrix protein genes by RUNX2. Cell Tissue 

Res. 2010;339(1):189–95. 

20. Köllmer M, Buhrman JS, Zhang Y, Gemeinhart RA. 

Markers are shared between adipogenic and osteogenic 

differentiated mesenchymal stem cells. J Dev Biol tissue 

Eng. 2013;5(2):18. 

21. Qiu P, Li M, Chen K, Fang B, Chen P, Tang Z, et al. 

Periosteal matrix-derived hydrogel promotes bone repair 

through an early immune regulation coupled with enhanced 

angio-and osteogenesis. Biomaterials. 2020;227:119552. 

22. Sui J, Sugita N. Experimental Study of Thrust Force 

and Torque for Drilling Cortical Bone. Ann Biomed Eng 

[Internet]. 2019 Mar 9;47(3):802–12. 

23. Ozcan M, Salimov F, Temmerman A, Ucak Turer O, 

Alkaya B, Haytac CM. Evaluation of Different Osteotomy 

Drilling Speed Protocols on Cortical Bone Temperature, 

Implant Stability and Bone Healing: An Experimental 

Animal StudyEffects of drilling speed on bone healing. J 

Oral Implantol. 48 (1): 3–8 2020 

24. Hoegel F, Mueller CA, Peter R, Pfister U, Suedkamp NP. 

Bone debris: dead matter or vital osteoblasts. J Trauma 

Acute Care Surg. 2004;56(2):363–7. 

25. Liang C, Lin X, Wang S, Guo L, Wang X, Li J. 

Osteogenic potential of three different autogenous bone 

particles harvested during implant surgery. Oral Dis. 

2017;23(8):1099–108. 

26. Komori T. Regulation of osteoblast differentiation by 

Runx2. Adv Exp Med Biol. 2010;658:43-9. 

27. Komori T. Regulation of proliferation, differentiation 

and functions of osteoblasts by runx2. Int J Mol Sci. 

2019;20(7). 

28. Manzano-Moreno FJ, Rodríguez-Martínez JB, 

Ramos-Torrecillas J, Vallecillo-Capilla MF, Ruiz C, 

García-Martínez O, et al. Proliferation and osteogenic 

differentiation of osteoblast-like cells obtained from two 

techniques for harvesting intraoral bone grafts. Clin Oral 

Investig. 2013;17(5):1349–56. 

29. Sila-Asna M, Bunyaratvej A, Maeda S, Kitaguchi H, 

Bunyaratavej N. Osteoblast differentiation and bone 

formation gene expression in strontium-inducing bone 

marrow mesenchymal stem cell. Kobe J Med Sci. 

2007;53(1):25–35. 


