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ABSTRACT 
 

Introduction: In the tension side on the orthodontic tooth movement, the bone formation process occurs, played 
by osteoblasts. Bone formation by osteoblasts in vitro can be increased by administering NaF (sodium fluoride). 
Speed of bone formation is one of the most important steps in orthodontic tooth movement. Objectives: to 
analize the effect of NaF administration on the expression of osteocalcin and osteonectin in the strain area in the 
incisors after orthodontic tooth movement. Methods: The 10 Wistar adult male rats were given 10 grams of 
orthodontic mechanical strength on the incisors so that the incisors moved distally and were given NaF twice a 
day, compared to 10 mice in the control group with the same treatment without NaF administration. Results: 
NaF increase osteocalcin expression by 31.1% on day 7 and 44.8% on day 14, whereas in osteonectin the 
increase is 48.1% on day 7 and 26.2% on day 14. Conclusions: NaF increases the expression of osteonectin and 
osteocalcin in mice that were given orthodontic mechanical strength. 
 

Keywords: sodium fluoride; immunohistochemistry; osteocalcin; osteonectin 
 

INTRODUCTION 
 

Orthodontic treatment is a long-term procedure  to achieve good occlusion without tooth rotation or 
diastema (1). After this long treatment,  the success of orthodontic treatment  is making a good occlusion 
relationship,  achieving  facial esthetics and  not less important is maintaining the stability of the occlusion as 
long as possible (2). Even though the patient feels that the treatment has been completed when the appliance is 
removed, the teeth can be in an unstable position and the continuous pressure from the surrounding soft tissue 
can result in a tendency to relapse (3). To move the tooth, an application of orthodontic mechanical strength is 
required which results in a resorption  of the alveolar bone in the pressure side of the periodontal ligament, 
whereas bone formation occurs in the tension side in the periodontal ligament (4). 

Research on fluorine has been widely conducted, but the expression of osteocalcin and osteonectin in the 
orthodontic teeth movement  after the administration of Sodium Fluoride for bone formation is not  known well.  NaF 
(sodium fluoride) have a potential action to modulate the proliferation of osteoblasts and osteoblast differentiation by 
stimulating preosteogenic embryonic mesenchyme  to be mature osteoblasts which can deposit bone matrix Osteoblasts 
are derived from osteoprogenitor cells in the bone marrow and the inner lining of the periosteum. When the osteoblast 
cells are differentiated, they will secrete ALP (alcaline phosphatase), osteocalcin, osteopontin, osteonectin (5). NaF 
(sodium fluoride) also can  increase in osteocalcin regulation,  proven by  real time PCR. 

Osteocalcin, also called BGP (bone gla protein),  is a low molecular protein, 6 kDa  and the most non-
collagen proteins ingredient in the bones (6). Osteocalcin is a Ca2+ binding protein derived from the organic 
matrix of bone, dentin, and possibly other mineral tissues. Osteocalcin is expressed by osteoblasts and in the 
bone matrix during alveolar bone remodeling. Osteocalcin is one of the markers of gene expression of osteoblast 
differentiation (7). According to the research the increased osteocalcin expression indicates an increase in bone 
growth activity performed by osteoblasts (8). Hence, osteocalcin and osteonectin expressions of orthodontic 
mechanical strength with NaF (sodium fluoride) administration on alveolar bone need be analize. The aim of 
this study was to investigate osteocalcin and osteonectin expression upon OTM (orthodontic tooth movement) 
on the tension side after NaF (sodium fluoride) administration. 
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METHODS 
Material 
 

The materials of research were: twenty Wistar male Rats (Rattus norvegicus), 3-4 month old,  200-250 gram 
body weight from Rats For You co (Malang, Indonesia). Ni-Ti closed coil sping light force 0,010 inch diameter and  9 
mm in length (Ortho Archwire). Orthodontic Stainless Steel Ligature Wire (Protecmec USA). Tension Gauge 
(Ormco® Glendora, USA). Sodium fluoride for Analysis EMSURE® ACS, ISO, Reag. Ph Eur (Merck). 

Rats divided to 4 groups, 4 rats each group, 2 control groups (C1, C2) and 2  treatment  groups (T1, T2). 
Rats feeded standard pellet (RatBio, Citrafeed). Procedure of the study was approved by Komite Etik Penelitian 
Kesehatan (KEPK) Fakultas Kedokteran Gigi Universitas Jember No. 155/UN25.8/KEPK/DL/2018.  

 

Methods 
 

Rats were acclimatized for one week before being treated at the Microbiology Laboratory, Universitas 
Jember. After acclimatization,  ni-ti closed coil spring diameter of 0.25 mm installatied in and activated. Before 
installation, Rats were anasthetized with ketamine solution (PT. Guardian Pharmatama) and xylazine 
(Interchemie, Holland) with a ratio of 1 : 2 each – 0.15 – 0.18 ml intramusculary injection (i.m). 

Next step was adjusment the  ni-ti closed coil spring strength using tension gauge to produce power of 10 
gr/cm2. Closed coil spring ni-ti wire is installed between maxillary central incisor and the right maxilla first 
molar (I1 and M1) to move the incisor tooth to palatal direct. On incisor teeth, wire is attached at a hole made by 
a round bur on the distovertical side and a stainless steel ligature wire 0.1 mm mounted around the first molar 
tooth. Glass ionomer cement was applied to increase retention. 

 

 
 

Figure  1. Instalation of closed coil spring 
 

On treatment groups, not in control groups, NAF (sodium fluoride) gel  11.34 ppm were given topically 
using modified syringe on areas near the Wistar rat's gingiva sulkus. NaF (sodium fluoride)  gel administered 
0.2 – 0.3 ml twice a day,   morning and afternoon,  for 7 days in group 1 and 14 days for group 2 until a day 
before rats sacrified with intramuscular injection (i.m) of ketamine overdose.  Rats in group 1 (C1, T1)  were  
decapitated in on day 8th  and  group 2 (C2, T2)  on 15th day and anterior part of maxilla tissue were separated 
by scalpel.  

The tissue that has been taken was fixed using Buffered Neutral Formalin 10% solution for 24 hours and 
decalcification was carried out using EDTA (Ethylenediaminetetraacetic acid) 10% for 30 days. Next step was 
tissue dehydration using  alcohol graded from low to high concentrations, 70%, 80%, 95% and  100%. After this 
tissue undergo clearing  using xylol and embedding in paraffin block.  

 
Figure 2. Ilustration of  tissue labial-palatal dissection 
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Slide  were made from the maxillary incisors which  were cut in direction labial to palatal in of 4-6 µm 
thickness. Slide deparaffinized using xylol, then blocked using peroxidase blocking solution (Scytek 
Laboratories, USA) followed by prediluted blocking serum (Scytek Laboratories, USA). The next step waas 
incubating using osteocalcin monoclonal antibody (Rabmab® EPR3690) and osteonectin monoclonal antibody 
(Aviscera Bioscience 72-303) ) followed by  a secondary antibody UltraTek Anti-Polyvalent Biotinylated 
Antibody (Scytek Laboratories, USA). 

Observation on osteoblasts with osteocalcin and osteonectin expression was carried out using a light 
microscope with 1000x magnification in the tension side at 10 fields of view. Observations were perform by 
four people to avoid subjectivity. 
 

Data Analysis 
 

The data were statistical analysis using SPSS version 20. The normality test of the data was carried out using 
the Kolmogorov Smirnov Test and the homogenity test using the Levene Test (with normal distribution, n=16), 
P>0.05. Statistical differences between groups were tested using One Way Anova followed by Post Hoc LSD 
analysis, P<0.05.  

RESULTS 
 

The Effect of NaF Administration on Osteonectin Expression in Rat  OTM Model 
 

The mean and standard deviation of osteocalcin and osteonectin expression using immunohistochemical 
staining on day 7 and day 14 are shown in Table 1.  The result showed an increase in osteocalcin and 
osteonectin expression from day 7 and day 14 as well as the average expression of osteocalcin and osteonectin 
was higher in the NaF (sodium fluoride) -given group than in the NaF-given group on day 7th  and day 14th . 

 
Table 1.The result of osteocalcin and osteonectin expressions 

 

Groups Control 
Day 7 average ± SD 

Control 
Day 14 average ± SD 

Treatment 
Day 7 average ± SD 

Treatment 
Day 14 average ± SD 

Osteocalcin 7.87± 0.07 9.14± 0.15 10.36±0.33 13.24 ± 0.18 
Osteonectin 7.72±0.20 10.32± 0.21 11.44±0.47 13.02± 0.28 

* significant at α = 0.05 
 

The result of this research showed that, the 7th day control group Rats (C1)  had fewer osteoblast cells 
than the 14th day control group (C2). This difference was consistent with histological studies which show that 
the initial stage of bone remodeling occurs on day 7th  and the final stage occurs on day 14th . 

 
 

Figure 3. Expression of osteonectin osteoblasts on day 7th  and day 14th.  (A) and (C) were the control groups 
day 7th  and  day 14th , while (B) and (D) are the treatment groups of NaF  day 7th  and day  14th. 

 
The treatment group also had the same result,  there was an increase on day 14th  compared to day 7th. 

Comparation between the treatment compared to the control group, there was a significant increase of 
osteonectin expression in both rats given NaF (sodium fluoride) on day 7th  and on day 14th (figure 4). The 
increase in osteonectin expression is due to that NaF (sodium fluoride) can increase osteoblast activity. 
Provision of NaF (sodium fluoride) in certain concentrations can increase mineralization ability, as well as 
stimulate ALP (alcaline phosphatase) activity, besides that Fluorine ion has an affinity for bones so that it can 
stimulate osteoblasts and increase bone apposition and mineralization processes. 
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Figure 4. Osteonectin expression on day 7 and day 14. Expressions were assessed as outlined in materials and 

methods. Graphs represent means ± SD for 5 repeated observations, *p<0.05, **p<0.01, ***p<0.001 
 

The Effect of NaF Administration on Osteocalcin Expression in Rat  OTM Model 
 

The results of this study showed that the osteoblast cells number  in the control group without NaF  
(sodium fluoride) administration on day 14th  had a higher  than on day 7th. This result consistent with the fact 
that the last stage of osteoblast differentiation, osteoblasts will overexpress osteonectin on days 14-28 followed 
by calcium and phosphate deposition.   
 

 
Figure 5. Expression of osteocalcin of  osteoblasts on day 7th  and 14th. A and C are the control groups day 7th  
and day 14th , while B and D are treatment groups of NaF day 7th  and day 14th . Osteocalcin expressions of 

Osteoblasts on the alveolar bone marked with a red arrow, 1000x magnification 
 

An increase in the number of osteoblast cells also occurred in the group of  rat OTM (orthodontic tooth 
movement) model given  NaF (sodium fluoride) administration on day 7th  and day 14th. These results were also 
supported by various studies i.e.  the administration of NaF (sodium fluoride) resulted in active proliferation of 
osteoblast cells and extracellular bone matrix biosynthesis (collagen type I), the period of cell differentiation, 
cell proliferation and regulation of collagen and protein synthesis associated with bone cell phenotypes such as 
ALP (alcaline phosphatase), osteocalcin and osteonectin. 

 
 

Figure 6. Osteocalcin expression on day 7 and day 14. Expressions were assessed as outlined in Materials and 
Methods. Graphs represent means ± SD for 5 repeated observations, *p<0.05, **p<0.01, ***p<0.001 
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DISCUSSION 
 

Treatment group exhibited higher osteocalcin expression than control. In addition, the effect of fluoride 
on osteoblast activity where it was shown to have a positive effect on the differentiation of osteoblasts, bone 
nodule formation and bone regeneration, followed by cell differentiation period and collagen synthesis 
regulation and protein of bone cell fenotype such as alcaline phoshatase, osteocalcin, osteonectin, osteopontin 
(9). Fluoride has a role in increasing bone mass as an indicator of bone remodelling (10). Through one-way anova 
test, table 3 exhibits significant difference (p<0.05) which refers to significant difference between treatment 
group and control indicating that NaF has confirmed to induce a significant increase of osteocalcin and 
osteonectin expressions. 

During OTM (orthodontic tooth movement), orthodontic teeth are resorbed in the area of pressure which is 
made by osteoclast and opposition to the tension side which is made by osteoblast, that's called the remodeling 
process (11). Osteoblast is formed by osteoprogenitor cell from cartilage bone and inside layer of periosteum. 
Osteoprogenitor differentiation is influenced by BMP-2 (bone morphogenetic proteins-2), PDGF (Platelet-derived 
Growth Factor) produced by limfosit and TGF-β1 (transforming growth factor beta-1). During differentiation, the 
release of compound such as alcaline phosphatase, osteocalcin and osteonectin occurs (12). During bone inflammation, 
on the recovery process, TGF-β1 (transforming growth factor beta-1) is expressed on the first phase and during 
recovery and works as factor of chemotacsis progenitor mesenchymal cell with macrophage to the location of wound 
recovery. Further induced proliferation and enable collagen production towards matrix extracellular by osteoblast 
(Dimitriou et al, 2005). TGF-β1 (transforming growth factor beta-1) also signalized BMP-2 (bone morphogenetic 
proteins-2) synthesis by osteoprogenitor cell. This will enable osteoblast differentiation and support osteoclast 
apoptosis and hinder bone resorbtion (13). Bone growth was resulted by progenitor which triggers Osteoblastogenesis 
with BMP (bone morphogenetic protein). BMP (bone morphogenetic protein) will enable OSF2 (osteoblastic specific 
factor 2) or Cbfa 1 (core binding factor 1). Cbfa 1 (core binding factor 1) activates osteoblast specific gen such as 
osteopontin, sialoprotein, collagen type 1 and osteocalcin, osteonectin (14). 

Based on the research results on day 7 and day 14, the treatment group with topical NaF (sodium 
fluoride) administration indicated significant difference due to different treatment towards each group. The 
improvement of osteoblast with osteocalcin expression of treatment group is higher than that of control as 
anticipated through research hypothesis. On day 14, the number of Osteobast cells with osteocalcin expression is 
higher than that of the same group on day 7. This is in line with previous researches that osteocalcin will reach 
the top after two-weeks administration of topical NaF (sodium fluoride) (15). 

The research results exhibited higher average of osteonectin expression towards treatment group rather than 
control group. Azarpira, 2008 suggests that ion fluor possessed affinity towards bone stimulates osteoblast and 
improves apposition process and bone mineralization. Moreover, nodul osteoblas formation towards cultured bone 
occurred due to osteoblastic differentiation stimulated by NaF (sodium fluoride) in concentration 10−8  to 10−5 M 
and NaF (sodium fluoride) towards 10−8 to 10−5 M can improve osteoblast proliferation, improve mineralization 
process, and stimulate ALP (alcaline phosphatase) activity. It has role as a marker returning phase from resorbtion 
process of apposition (10). One-way Anova in table 3 show a significant difference (p<0.05) referring to significant 
difference between treatment group and control group. Thus, NaF (sodium fluoride) is confirmed can induce a 
significant increase of osteonectin expression. Immunohistochemistry revealed that Ihh, Smo, Gli2, and Runx2 
were all positively expressed in different degrees in osteoblasts of metaphysis, the expressions were all increased 
after exposure to fluoride. After exposure to fluoride, the bone cortex thickened, the bone trabecular thickened, and 
bone trabecular density increased (16). 

Furthermore, osteoblastic differentiation can be induced by fluoride through signalling path Wnt/β-
catenin. Fluoride can be found in osteoblast and significantly supports osteoblast proliferation and ALP (alcaline 
phosphatase). mRNA (messenger ribonucleic acid) expression improvement was also found in bone 
differentiation marker including Collagen type I, ALP (alcaline phosphatase) and Osteonectin. Moreover, 
fluoride also induced transcription expression of  Runx-2 (Runt-related Transcription Factor-2). Overall, the 
findings indicated that fluoride induced osteoblastic differentiation through activation of  Akt- and GSK-3β of 
Wnt/β-catenin signalling pathway in primary rat osteoblast (17). 

Based on the research results on day 7 and day 14, a significant difference was indicated after NaF (sodium 
fluoride) topical administration. The difference result confirmed that different treatments carried out on each group. 
The number of osteoblast via osteonectin expressions was higher in treatment group, but lower than that in control; 
as stated in the hypothesis stage. The number of osteoblast-osteonectin expressions in the group of day 14 was 
higher than that of day 7. The difference was relevant to the histological research showing that resorbtion occured 
in the first phase in 3-5 days and the last phase of bone remodelling was around 7-14 days (18). 

 
CONCLUSION  

 

NaF 11.75 ppm topical administration towards orthodontic teeth movement indicates an effective 
impact to improve osteocalcin and osteonectin expressions rather than that without NaF. NaF 11.75 ppm 
topical administration towards orthodontic teeth movement indicates an effective impact on day 7 and day 14. 



Health Notions, Volume 5 Number 6 (June 2021)                                                                                     ISSN 2580-4936 
 

200 | Publisher: Humanistic Network for Science and Technology                               
 

REFERENCES 
 

1. Martin M. Preconditions for Long-term Stability of Treatment. Journal of Dentofacial Anomalies and 
Orthodontics. 2016;19(1):103.  

2. Khumar.  Orthodontics. India: Elsevier India; 2008. p 9-11. 
3. Proffit WR. Contemporary Orthodontics. Canada: Elsevier Mosby; 2013. p 5-9. 
4. Sheibani MN, Valaci AN, Vasoghi. Incidence of Relaps in Orthodontic Treatments and Related Factors. J. 

Res. Dent. Sci. 2010;2(177):32–41. 
5. Jameson JL, Groot LJD. Endocrinology: Adult and Pediatric E-Book. China: Elsevier Health Sciences; 

2015. p 2008-2010. 
6. Danz JC, Greuter C, Sifakakis L, Fayed M, Pandis N, Katsaros C. Stability and Relapse After Orthodontic 

Treatment of Deep Bite Cases a Long-Term Follow-Up Study. European Journal of Orthodontics. 2015; 
36(5):522-530. 

7. Modis L. Organization of the Extracellular Matrix: A Polarization Microscopic Approach. United States: 
CRC Press. 2018. p 100-105. 

8. Florencio SR, Sasso GR, Sasso CE, Simões MJ, Cerri PS. Biology of Bone Tissue: Structure, Function, 
and Factors That Influence Bone Cells. Biomed Res Int. 2015. p 9-15. 

9. Bhawal UK, Lee HJ, Arikawa K, Shimosaka M, Suzuki M, Toyama T, Sato T, Kawamata R, Taguchi C, 
Hamada N, Nasu I, Arakawa H, Shibutani H. Micromolar Sodium Fluoride Mediates Anti-
Osteoclastogenesis in Porphyromonas Gingivalis Induced Alveolar Bone Loss. International Journal of 
Oral Science. 2015;7(1):242–249. 

10. Yang C, Wang Y, Xu H.  Fluoride Regulate Osteoblastic Transforming Growth Factor-β1 Signaling by 
Mediating Recycling of the Type I Receptor ALK5. PLoS ONE. 2017;12(1):2–3.  

11. Herniyati, Narmada I B, Soetjipto. The Role of RANKL and OPG in Alveolar Bone Remodeling and 
Improvement of Orthodontic Tooth Movement Post Coffee Brew Administration. Journal of International 
Dental and Medical Research. 2017;10(1):84-88. 

12. Rehder DS, Gundberg CM, Booth SL, Borges CR. Gamma-carboxylation and Fragmentation of 
Osteocalcin in Human Serum Defined by Mass Spectrometry. Molecular and Cellular Proteomics. 
2015;14(6):1546–1555.  

13. Chen G, Deng C, Li YP. TGF-β and BMP Signaling in Osteoblast Differentiation and Bone Formation. 
International Journal of Biological Sciences. 2012;8(2):272–288.  

14. Smith EL, Colombo JS, Sloan AJ, Waddington RJ. TGF-β1 Exposure from Bone Surfaces by Chemical 
Treatment Modalities. European Cells and Materials. 2011;21(0):193–201.  

15. Li KQ, Jia SS, Ma M, Shen HZ, Xu L, Liu GP, Huang SY, Zhang DS. Effects of Fluoride on Proliferation 
and Mineralization in Periodontal Ligament Cells In Vitro. Braz J Med Biol Res. 2016;49(8):5291. 

16. Deng C, Xu L, Zhang Y, Zhao L, Linghu Y, Yu Y. The Value of the Hedgehog Signal in Osteoblasts in 
Fluoride Induced Bone Tissue Injury. Journal of Orthopaedic Surgery and Research. 2021;16(160):3-9. 

17. Pan L, Shi X, Liu S, Guo X, Zhao M, Cai R, Sun G. Fluoride Promotes Osteoblastic Differentiation 
Through Canonical Wnt/β-catenin Signaling Pathway. Toxicol. Lett. 2014;225(1):34-42. 

18. Alfaqeeh SA, Anil S. Osteocalcin and N-telopeptides of Type I Collagen Marker Levels in Gingival 
Crevicular Fluid During Different Stages of Orthodontic Tooth Movement. Am. J. Orthod. Dentofac. 
Orthop. 2011;139(6):e553-9. 

  


