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Abstract 

 

The usage of orthodontic appliance is to correct malocclusion involves alveolar bone remodeling. This process is 

stimulated by mechanical force which obtained from the activation orthodontic appliance. The force was used to depress 

teeth and the tissues surrounding it. This stress will become a signal to activate heat shock response yielding HSP 

synthesis. HSP25 plays a part in osteoclastic bone resorption and osteoblastic new bone forming. The aim of this study 

was to explore the change of osteoclast and osteoblast HSP25 expression  in the different mechanical force induction at 

pressure and strain area. The subject was guinea pig (Cavia sp), divided into 2 groups. Control group did not use 

orthodontic appliance and treatment group was given mechanical force as 90 g, 120 g, and 150 g. Time usage of 

orthodontic appliance was 5 and 10 days. Osteoclast and osteoblast HSP25 were measured by counting cells after being 

conducted by immunohistochemistry method. The result showed that osteoclast HSP25 expression at pressure area on all 

groups had increased value compared to strain area and was different statistically. On the other hand, osteoblast HSP25 

expression at strain area had increased value was compared to at pressure area and especially in group of 120 g and 10 

days had difference statistically. In conclusion, different mechanical force induction could influence osteoclast and 

osteoblast HSP25 expression. HSP25 may represent one of  the factors that influences osteoclast and osteoblast cellular 

activity and coupling process between osteoclast and osteoblast. 
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Abstrak 

 

Penggunaan alat ortodonsia untuk mengkoreksi maloklusi tergantung pada proses remodeling tulang alveolar. Proses ini 

distimulasi oleh gaya mekanis yang didapat dari aktivasi alat ortodonsia. Gaya digunakan untuk menekan gigi dan 

jaringan disekitarnya. Tekanan ini akan menghasilkan sinyal untuk aktivasi heat shock response termasuk sintesis HSP. 

HSP25 memainkan salah satu peran pada resorpsi tulang oleh osteoklas dan pembentukan tulang baru oleh osteoblast. 

Tujuan penelitian ini adalah untuk mencari perubahan ekspresi HSP25 osteoklas dan osteoblas yang diinduksi gaya 

mekanis yang berbeda pada daerah tekanan dan regangan. Subyek penelitian menggunakan marmut (Cavia sp), dibagi 

menjadi 2 kelompok. Kelompok kontrol tidak menggunakan alat ortodonsia dan kelompok perlakuan diberi gaya 

mekanis sebesar 90 g, 120 g dan 150 g. Waktu penggunaan alat ortodonsia adalah 5 hari dan 10 hari. HSP25 osteoklas 

dan osteoblas diukur melalui penghitungan sel-sel setelah dilakukan metode imunihistokimia. Ekspresi HSP25 osteoklas 

pada daerah tekanan di semua kelompok mempunyai nilai yang meningkat dibanding area regangan dan berbeda 

bermakna secara statistik. Sebagai kesimpulan, ekspresi HSP25 osteoblas meningkat nilainya pada daerah regangan jika 

dibandingkan dengan daerah tekanan khususnya pada kelompok 120 g dan waktu 10 hari berbeda bermakna secara 

statistik. HSP25 memungkinkan sebagai salah satu faktor yang mempengaruhi aktivitas seluler osteoklas dan osteoblas 

dan proses coupling antara osteoklas dan osteoblas. 

 

Kata kunci: osteoklas, osteoblas, gaya mekanis 
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INTRODUCTION 

 

   The usage of orthodontic appliance is to correct 

malocclusion entangle alveolar bone remodeling 

process. The remodeling process can be stimulated 

by using mechanical force obtained from activation 

of orthodontic appliance to depress tooth and perio-

dontal tissue including gingiva, cementum, perio-

dontal ligament and alveolar bone.
1
 Activation is 

conducted based on adequate encumbering in tooth. 

In practice, the factor plays a part in encumbering is 

the ability and the skill of dentist who takes care 

patient. Mechanical force is often given inadequa-

tely. 

   The mechanical force given will cause the area 

around the tooth split in two areas that is pressure 

and strain. At pressure area, mechanical force will 

stimulate osteoclast to resorp alveolar bone together 

with the local factor (hormone or the other  chemical 

mediator). Inadequate force causes a very small al-

veolar bone resorption or does not happen, while 

excessive force can activate osteoclast to abundant 

resorption (undermining resorption).
2
 

   Mechanical force used of orthodontic appliance 

will give stress at periodontal tissue. This mechani-

cal stress will become signal activity heat shock 

response, causing expression of heat shock genes. 

Expression of this gene is generated by activation of 

stress-induced transcription factors that is heat shock 

factor (HSF) and binding with heat shock promoter 

element (HSE) had characteristic as pentanucleotide 

of 5'nGAAn-3' motive. The effect of activation of 

HSF, cell will synthesize a protein molecule as heat 

shock protein (HSP).
3
  

   HSP represents protein molecule of intracellular 

which becomes a signal to some biological cell 

activeties. Group of HSP which plays an important 

role in human bone remodeling is HSP27, where at 

rodent animal has homologue that is HSP25. Some 

re-searches show a role of HSP25 at osteoclast and 

osteoblast.  

   At osteoblast, HSP27 syntesis influences was  

used to regulate osteoblast differentiation which was 

inducted by Prostaglandin (PG) F2α, endothelin-1, 

sphingosine 1-phosphate, basic fibroblast growth 

factor (bFGF) and PGD2.
4
 Kawamura explained that 

HSP27 accumulation in osteoblast differentitation 

can be inducted by endothelin-1 via p38 MAP kina-

se activation pathway. Hatakeyama, et al. Explain-

ed that HSP27 can regulate osteoblast function to 

stress condition (heat) and play its function coorpo-

rate with estrogen.
5
  

   At osteoclast, HSP27 plays in bone resorption in 

order to release calcium
6
, and Kawamura, et al. ex-

plained that HSP27 regulates osteoclast on bone 

resorption function is inducted by endothelin-1, and 

this shows that alveolar bone remodeling is a cou-

pling process where osteoclast and osteoblas cor-

related one another.
 
Pursuant to the matter above 

shows that the level of mechanical force can in-

fluence expression of osteoclast and osteoblast 

HSP25. 

   The aim of this study was to explore the change of 

osteoclast and osteoblast HSP25 expression in the 

different mechanical force induction at pressure and 

strain area. 

 

MATERIALS  AND METHODS 

 

   The animal that used in this research was Guinea 

pig (Sp. Cavia) and fullfil the following criterias, 

healthy physic and did not have disparity, male, 

aged 3-5 months weight 350-550 g and also given 

the same food. Animals were acclimatized during 

one week for adaptation with food and place before 

given treatment.  

   The animals were divided into 2 groups, control 

and treatment groups. Control group did not use 

orthodontic appliance. Treatment group was given 

mechanical force related at previous research with 

little modification.
8,9

 as 90 g (inadequate force). 120 

g (adequate force), and 150 g (excessive force). The 

length time of using orthodontic appliance was 5 

and 10 days.
 

   Orthodontic appliance used stainless steel wire 

0.12 inch (class one, US) for simple cantilever, 

angle between cantilever arm 60°, length of canti-

lever arm 1 cm and coil diameter 1.5 mm. This 

design produced mechanical force 4 oz/120 g, and 

was obtained other force by changing distance bet-

ween cantilever arm.  

   The animals were anaesthetized by using ketamin 

with a dosage of 44 mg/kg subcutaneous. Tooth 

preparation was done at mesial part of interdental 

lower incisor about 5 mm distance from insical with 

round shape. Appliance attached and stabilized with 

Glass Ionomer Fuji type of  IX. 

   The specimen used to immunohistochemical 

method was alveolar bone in mesial part of incisor 

(strain area representation) and distal part (pressure 

area representation). Specimen conducted decalcify-

cation by giving citrate acid 5% for 5 days. And 

immunohistochemistry procedure was done accor-

ding to factory guidance. Detection of HSP25 used 

primary antibody of Rabbit Anti-Hsp25 Polyclonal 

Antibody (Stressgene Bioreagent) and secondary 

antibody of Anti rabbit Ig G Biotin-labelled. Ex-

pression of osteoclast and osteoblast HSP25 counted 

to use bright field microscope (Olympus CX 31), 

magnification of 1000 X at 5 slides from each E
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restating. Expression of HSP25 was shown in per-

centage, obtained from cell expressing HSP25 

compared to the cell population and converted in 

percentage. 

   To know the change of osteoclast and osteoblast 

HSP25 expression in the different mechanical force 

induction at pressure and strain area between treat-

ment groups were analyzed by one way ANOVA 

using computer program. 

 

RESULTS 

 

   The result showed that expression of HSP25 

osteoclast at pressure area at all of treatment force 

and time treatments had larger value and statistical 

difference (p>0.05) if compared to strain area. The 

pressure area represented activity of osteoclast in 

bone resorption of alveolar. This trend was also 

experienced by expression of osteoblast HSP25 at 

strain area, that had bigger value than pressure area. 

Especially in treatment time group of 5 days and 

treatment force of 120 g had statistical difference 

(p<0.05). Strain area represented activity of 

osteoblast in forming new bone (Table 1). 

 
Table 1. Average of HSP25 expression of osteoclast and 

osteoblast at pressure and strain área base on 

treatment time and force  

 

Treatment 

time 

(day) 

Treatment 

force 

(g) 

Osteoclast HSP25 

expression 

Osteoblast HSP25 

expression 

Pressure 

area 

Strain  

area 

Pressure 

area 

Strain 

 area 

Control - 29,17 19,43 7,97  2,65  

5 

90 32,41  

 6,84  

16,67  

 12,50  
6,27 2,74 

5,17  

 1,67  

120 39,51  

 10,06 

19,75  

 17,15  

8,67  

 0,91 

9,77  

 0,89 

150 38,18   
9,02 

22,23  

 15,75 

7,05  

 2,75  

7,66  

 3,88  

10 

90 33,44  

 12,83 

6,94  

 6,48 

12,93  

 2,86  

12,23  

 2,57  

120 35,65  

 10,85 

14,81  

 14,30 

8,87  

 4,40  

14,42  

 6,29  

150 42,33 

 7,51 

14,29  

 11,90  

9,84  

 5,35  

13,02  

 7,32 

 

DISCUSSION 

 

   The application of different mechanical force in 

this research aimed to observe osteoclast and osteo-

blast HSP25 expression at pressure and strain area. 

Osteoclast and osteoblast were chosen because both 

cells have important role at alveolar bone re-

modeling bone process.
2
 

   Mechanical force induced alveolar bone remodel-

ing responded to the first time by osteocyte, where 

osteocyte will secrete some mediators used to re-

gulate the process of osteoblast differentiation. 

Osteoblast besides functioned to form new bone 

also secreted some important mediators for the 

process of osteoclast differentiation and function in 

bone resorption. Osteoclast besides did its own func-

tion, this cell can also regulate osteoblast function 

through mediator which was secreted. Chen et al. 

explained that in mechanical stimulation, osteoblast 

for the first time will response with mediated by 

prostaglandin production. This mechanical stimula-

tion responded by activation of phospholipase A2 

that released by acid arachinoid and increased 

prostaglandin production. Increasing of prostaglan-

din level can activate adenyl cyclase (cAMP) so that 

cAMP level increased, and it will also trigger proli-

feration process. This cell would release the other 

mediators to do new bone forming and trigger osteo-

clast forming and function in bone resorption. 

Joldersma et al. explained that prostaglandin re-

quired in signal pathway of new bone forming 

process, where bone cell especially osteocyte and 

osteoblast will increase PG production when mecha-

nical force was applicated.
9
 PG was produced via 

releasing of arachidonic acid from phospholipid 

staying in membrane which mediated by phos-

pholipase A2. This process was followed with con-

version of arachidonic acid become PGG2 and sub-

sequently altered to PGH2 via mediated prosta-

glandin B/H synthase enzyme (cyclooxygenase= 

COX). PGH2 isomered become active prostanoid 

biologically, as PGE2, PGI2 and of PGF2α.  

   Kohno et al.10 
also explained that mechanical sti-

mulation which was adequate value might quicken 

process of alveolar bone remodeling. Where on day 

10 at strain area, osteoblast was possible to express 

vascular endothecial growth factor (VEGF) was 

used to angiogenesis process and related to forming 

of new bone. On the other hand, this mediator also 

improved the number and function of osteoclast in 

bone resorption. This idea was supported by Azuma 

et al. explained that VEGF represented candidate as 

mechanotransducer for the activation of cellular 

process hereinafter in response with mechanical 

change.
11

 

   Aikawa et al. and Steven et al. also explained that 

mechanical stress plays important role at some 

tissue remodeling and morphogenesis.
12

 The change 

of cell morphology happened restructuring of 

cytoskeleton component and cell attaching modula-

tion, causing specific signal intracellular from cell 

attaching receptor and induced special gene expres-

sion. Mechanical stimulation will activate MAPK in 

order to repeat gene expression and improve protein 

synthesize. MAPK consists of extracellular signal–

regulated kinases (ERKs), c-Jun NH2-terminal 

kinase (JNK), and p38 MAPK. Azuma et al. also E
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explained that p38 MAPK activetion result 

ranscriptional factor activation and HSP27 synthe-

size with end result in the form of cell trans-

formation and migration.
11

 On the other hand, 

according to Steven et al. explained that cytoskeletal 

remodeling which was inducted by mechanical 

occurrence would cause native HSP27 will phos-

phorilate as induction of MAPK p38 activation.
 13

 

   The process of new alveolar bone forming at strain 

area requires osteoclast HSP25 regulation so that 

osteoblast does its function. The increasing of 

HSP25 osteoclast expression is probable related to 

process of Hepatocyte factor growth (HGF) syn-

thesis and secretion. HGF was needed to regulate by 

autocrine at osteoclast and by parakrin to osteoblast. 

HGF did both cells by HGF receptor activation that 

followed by increasing of Ca
2+

 intracellular con-

centration via activation of pp6Oc-src kinase.
14

 HGF 

induced transformation, chemotactily migration sti-

mulation and DNA replication at osteoclast and 

improvement of osteoblast DNA synthesis. 

   Katagiri et al. explained that the process of osteo-

clast differentiation and function was regulated by 

osteoblast through chemical mediator release.
15

 For 

example, releasing of Macrophage-Colony stimula-

ting factor (M-CSF) by osteoblast influenced osteo-

clast early differentiation. Baron and Krishnan et al. 

also explained that osteoclastic resorption process 

and oteoblastic new bone forming cooperation 

through coupling process, including chemical me-

diator and other molecule which influenced process.
 

16,17
 Ruimerman et al. also explained that mechani-

cal induction in bone produced corporation  between 

osteoclast that did resorption process and osteoblast 

that did new bone bone process, where alveolar 

bone forming process was done osteoblast  would 

trigger and improve indirect resorption process was 

done by osteoclast.
18

 

   It can be concluded that different mechanical force 

induction can influence expression of osteoclast and 

osteoblast HSP25. HSP25 may represent one of the 

factors influences cellular osteoclast activity and 

osteoblast individually and also coupling process 

between both cells. 

 

References 

 
1. Bishara SR. Textbook of  orthodontics. Philadelphia: 

Saunders Inc., 2001: 467. 

2. Proffit   WR.   Fields   DM.    Sarver.   Contemporary  

orthodontics 4
th
 edition. St. Louis: Mosby Inc., 2007:    

334-43. 

3. Pockley AG. Heat shock proteins as regulators of the 

immune response. The Lancet Pubhlising Group. 

<http://image.Thelancet.com/extras/02art9148web.p

df > (29 April 2003). 

4. Tokuda HO, Kozawa M, Niwa H, Matsuno1 K, Kato 

T. Uematsu. Mechanism of prostaglandin E2-

stimulated heat shock protein 27 induction in 

osteoblast-like MC3T3-E1 cells, J Endocrinology 

2002; 172: 271-2. 

5. Hatakeyama DO, Ozawa M, Niwa H, Matsuno K, 

Kato N, Tatematsu T, et al. Inhibition by adenylyl 

cyclase-cAMP system of ET-1-induced HSP27 in 

osteoblasts, Am J Physiol Endocrinol Metab 281: 

E1260-66. 

6. Gaston JSH. 2002. Heat shock proteins and innate 

immunity. Clinical and Experimental Immunology 

2002; 127: 1-3.  

7. Sintesa SM, Soemarko LS, Hermawan I. Pengaruh 

hambatan prostaglandin pada pemberian aspirin, 

diklofenak dan paracetamol terhadap pergerakan 

gigi, jumlah sel osteoklas dan osteoblas tulang 

alveolus gigi rahang atas akibat pemakaian alat 

ortodontik (eksperimen hewan coba). Tesis. Malang: 

Program Pascasarjana Universitas Brawijaya, 2003. 

8. Yani SM, Soemarko LS, Setyohadi R. Peranan 

radikal bebas superoksid (O2º) terhadap peningkatan 

resorpsi tulang alveolar akibat penggunaan alat 

ortodontik. Tesis. Malang: Program Pascasarjana 

Universitas Brawijaya, 2003. 

9. Joldersma M, Klein-Nulend J, Oleksik AM, 

Heyligers IC, Burger EH. Estrogen enhances 

mechanical stress-induced prostaglandin production 

by bone cells from elderly women. AJP-Endo 2001; 

280: 436-42. 

10. Kohno S, Kaku M, Tsutsui K, Motokawa K, Ohtani 

J, Tenjo K. Expression of vascular endhotelial 

growth factor and the effect on bone remodelling 

during experimental tooth movement. J Dent Res 

2003; 82 (3): 117-82. 

11. Azuma N, Nobuyuki A, Hiroyuki K, Masataka I, 

Vivian G, Tadahiro S, et al. Role of p38 MAP kinase 

in endothelial cell alignment induced by fluid shear 

stress. Am J Physiol Heart Circ Physiol 2001; 280: 

189-97. 

12. Aikawa R, Toshio N, Sumiyo K, Yunzeng Z, Mariko 

T, Masahito T, et al. Integrins play a critical role in 

mechanical stress-induced p38 MAPK activation. 

Hypertension 2002; 39: 233-238. 

13. Steven SA, Ben F, Mathew M, Predrag B, William 

T, Gerthoffer, et al. Shore, Jeffrey J. Fredberg. 2004. 

Role of heat shock protein 27 in cytoskeletal remo-

deling of the airway smooth muscle cell. J Appl 

Physiol 2004; 96: 1701-13. 

14. Hsien-Te C, Hsi-Kai T, Chia-Hao C, Chih-Hsin T. 

Hepatocyte growth factor increases osteopontin 

expression in human osteoblasts through PI3K,    

Akt,   c-Src,   and   AP-1   Signaling  Pathway.  PLoS  

ONE 2012; 7: 1-11. 

15. Katagiri T, Takahashi N. Regulatory mechanisms of 

osteoblast and osteoclast differentiation. Oral disease 

2002;  8: 147-59. 

16. Baron  B.  Arming  the  osteoclast.  Nature  Medicine 

2004; 10 (5): 458-60. 

17. Krishnan  V, Henry  UB, MacDougald  OA. Regula- E
di

si
 C

et
ak

 D
en

tik
a 

D
en

ta
l J

ou
rn

al
, D

es
em

be
r 

20
12

 (
IS

SN
: 1

69
3-

67
1X

)



Amin: Effect of difference mechanical force induction to osteoclast and osteoblast heat shock protein 25 expression 

 

 

 

123 

tion  of   bone   mass   by  wnt signaling. J Clin  Inves  

2006; 116 (5): 1202-9. 

18. Ruimerman   R,  Hilbers   P,  Van   RB,   Huiskes   R.  

Indirect    osteoblast - osteoclast    coupling    through  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mechanic explains  elevated osteoblastic bone forma- 

tion as a response to increased osteoclastic activity. 

49
th
 Annual Meeting of the Orthopaedic Research 

Society, 2007. 

 

 

E
di

si
 C

et
ak

 D
en

tik
a 

D
en

ta
l J

ou
rn

al
, D

es
em

be
r 

20
12

 (
IS

SN
: 1

69
3-

67
1X

)


