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RINGKASAN 

MEKANISME PERGERAKAN GIGI ORTODONTI DAN PROSES 
REMODELING TULANG ALVEOLAR YANG DIINDUKSI GAYA  MEKANIS 

ORTODONTI AKIBAT PEMBERIAN SEDUHAN KOPI 
 

Herniyati 
 

Perawatan ortodonti bertujuan untuk merapikan letak susunan gigi ke 
dalam lengkung geligi yang benar, mendapatkan efisiensi fungsi kunyah, 
keserasian muka, kesehatan mulut, estetik dentofasial serta stabilitas kedudukan 
gigi membutuhkan waktu 2-3 tahun. Ketidakbersihan gigi dan mulut akan 
menyebabkan keadaan gigi dan mulut penderita lebih rentan terhadap penyakit 
periodontal dan karies.  

 
Pemberian gaya mekanis ortodonti (GMO) akan menyebabkan daerah 

sekitar gigi terbagi menjadi 2 daerah yaitu daerah tekanan dan daerah  tarikan. 
Pada daerah tekanan, gaya mekanis akan merangsang osteoklas untuk melakukan 
resorpsi tulang alveolar. Setelah proses resorpsi selesai maka osteoklas akan 
mengalami apoptosis sehingga proses resorpsi berhenti. Di lain pihak, pada daerah 
tarikan, osteoblas teraktivasi untuk melakukan aktivitas pembentukan tulang baru 
(aposisi). Jika GMO memadai maka proses resorpsi dan aposisi tulang alveolar ini 
dalam keadaan seimbang. Aplikasi GMO pada gigi ditandai dengan terjadinya 
inflamasi yang selanjutnya dapat memicu makrofag aktif, selanjutnya makrofag 
aktif melepaskan sitokin dan faktor pertumbuhan.  

 
Berbagai upaya telah dilakukan untuk mempercepat pergerakan gigi 

ortodonti, yaitu dengan penggunaan obat-obatan, metode bedah dan metode 
rangsangan fisik dan mekanik  Obat yang digunakan antara lain Vitamin D, 
prostaglandin, interleukin, hormon paratiroid, misoprostol dan lain-lain. Pada 
penelitian ini dilakukan pemberian seduhan kopi untuk mengetahui mekanisme 
pergerakan gigi ortodonti  dan proses remodeling tulang alveolar yang di induksi 
gaya mekanis ortodonti melalui peran RANKL, OPG, VEGF, dan TGF β1..  

 
Jenis penelitian yang dilakukan adalah penelitian eksperimental 

laboratories. 24 ekor tikus (Spraque Dauwley) jantan usia 3-4 bulan berat badan 
250-300 gram dan dinyatakan sehat. Tikus dipilih yang memiliki susunan gigi 
lengkap, kondisi rongga mulut dan jaringan periodontal sehat. Tikus dibagi secara 
random ke dalam 3 kelompok. Kelompok K (-): tikus diberikan gaya mekanis 
ortodonti (GMO) , Kelompok P: diberikan GMO dan seduhan kopi kering sebesar 
20mg/100 g BB  yang dilarutkan dalam 2 ml aquades, dan kelompok K (+): 
diberikan GMO dan kafein (TCI-Amerika- United States) sebesar 1,35 mg/100 g 
BB yang dilarutkan dalam 2 ml aquades. GMO pada tikus dilakukan dengan cara 
tikus di anestesi menggunakan ketamin, Pada gigi molar-1( M-1) rahang atas 
(RA) kanan dan pada kedua gigi insivus RA diberi kawat ligatur dengan diameter 
0,20 mm. Kemudian  M-1 RA kanan digerakkan ke mesial menggunakan Tension 
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Gauce untuk menghasilkan kekuatan 10 g/cm2 dengan Nickel Titanium 
Orthodontic closed coil spring panjang 6 mm. Pengamatan dilakukan pada hari ke 
15 dan hari ke 22 dengan mengambil GCF dengan meletakkan paper point pada  
sulkus gingiva bagian mesio- dan disto-palatal M-1 RA kanan selama 30 detik 
kemudian dimasukkan dalam tabung eppendorf. Disamping itu juga dilakukan 
pemeriksaan histologi dengan cara tikus dikorbankan pada hari ke 22 dan diambil 
kedua gigi M1-1 dan M-2 RA kanan beserta jaringan periodontalnya untuk 
menghitung jumlah osteoblas, osteoklas, dan bone island dengan menggunakan 
mikroskop. Peningkatan pergerakan gigi pada tikus diukur pada film hasil rontgen 
foto dengan cara mengukur dari ujung distal M-2 ke ujung mesial M-1 kanan RA 
dikurangi lebar mesiodistal M-1 dan M-2 kanan atas menggunakan kaliper digital. 
Penentuan kadar RANKL,OPG, VEGF, dan TGF-β1 dilakukan dengan metode 
ELISA. Data dianalisis statistik menggunakan Paired t-test, Oneway Anova, 
Kruskal-Wallis, Brown-Forsythe, Wilcoxon Signed Ranks, Tukey HSD, Mann 
Whitney, dan Analisis jalur. 

 
Hasil penelitian menunjukkan bahwa pemberian seduhan kopi pada hari 

ke 15 dan hari ke 22 meningkatkan kadar RANKL pada daerah tekanan maupun 
daerah  tarikan lebih besar dibandingkan yang diberi kafein dan yang tidak diberi 
seduhan kopi maupun kafein (p<0,05). Kadar RANKL pada daerah tekanan pada 
hari ke 22 pada pemberian seduhan kopi mengalami penurunan namun tidak 
signifikan (p>0,05) dibandingkan hari ke 15.  

 
Pemberian seduhan kopi pada hari ke 15 dan hari ke 22 meningkatkan 

kadar OPG pada daerah tekanan maupun daerah tarikan lebih besar dibandingkan 
yang diberi kafein dan yang tidak diberi seduhan kopi maupun kafein (p<0,05). 
Kadar OPG pada daerah tekanan pada hari ke 22 pada pemberian seduhan kopi 
mengalami penurunan namun tidak signifikan (p>0,05) dibandingkan hari ke 15, 
sedangkan pada  pemberian kafein mengalami peningkatan secara signifikan(p 
<0,05). Pada daerah tarikan hari ke 22 pada pemberian seduhan kopi, kadar OPG 
mengalami peningkatan namun tidak signifikan (p>0,05) dibandingkan hari ke 15. 

 
Pemberian seduhan kopi meningkatkan kadar VEGF  pada hari ke 15 dan 

hari ke 22 pada daerah tekanan maupun daerah tarikan dibandingkan yang 
diberikan kafein dan yang tidak diberikan seduhan kopi maupun kafein (p<0,05). 
Kadar VEGF pada daerah  tekanan pada hari ke 22 pada pemberian seduhan kopi 
maupun kafein mengalami peningkatan namun tidak signifikan (p>0,05) 
dibandingkan hari ke 15. Pada daerah tarikan hari ke 22 pada pemberian seduhan 
kopi, kadar VEGF mengalami peningkatan namun tidak signifikan (p>0,05) 
dibandingkan hari ke 15.  

 
Pemberian seduhan kopi dan kafein meningkatkan kadar TGF-β1  pada 

hari ke 15 dan hari ke 22 pada daerah tekanan maupun daerah tarikan 
dibandingkan yang tidak diberikan seduhan kopi maupun kafein (p<0,05). Kadar 
TGF-β1 pada daerah tekanan maupun daerah tarikan pada pemberian seduhan 
kopi hari ke 22 terdapat penurunan secara signifikan (p<0,05) dibandingkan hari 
ke 15.  
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Pemberian seduhan kopi pada daerah tekanan dan daerah tarikan 
meningkatkan jumlah osteoblas dibandingkan yang diberikan kafein ((p>0,05) 
maupun yang tidak diberikan seduhan kopi maupun kafein (p < 0,05). Pemberian 
seduhan kopi pada daerah tekanan dan daerah tarikan meningkatkan jumlah 
osteoklas dibandingkan yang diberikan kafein ((p>0,05) maupun yang tidak 
diberikan seduhan kopi maupun kafein (p<0,05). Pengujian pemberian seduhan 
kopi pada keliling bone island antar kelompok penelitian pada daerah tekanan 
menunjukkan tidak terdapat perbedaan yang bermakna (p>0,05), sedangkan pada 
daerah tarikan pemberian seduhan kopi meningkatkan keliling bone island 
dibandingkan dengan kafein namun tidak signifikan (p>0,05), dan yang tidak 
diberikan seduhan kopi maupun kafein (p<0,05). Pemberian seduhan kopi pada 
hari ke 15 dan ke 22 meningkatkan pergerakan M1 RA kanan dibandingkan yang 
diberikan kafein (p>0,05), dan yang tidak diberikan seduhan kopi maupun kafein 
(p<0,05).  

 
Hasil analisis jalur menunjukkan bahwa  RANKL dan TGF- β1 berperan 

penting dalam peningkatan pergerakan gigi ortodonti dan remodeling tulang 
alveolar. Pemberian seduhan kopi meningkatkan kadar RANKL, sehingga 
meningkatkan jumlah osteoklas, yang diikuti dengan meningkatnya pergerakan 
gigi. Pemberian seduhan kopi juga meningkatan jumlah osteoblas, sehingga 
meningkatkan kadar TGF- β1, dan akhirnya meningkatkan keliling bone island.   

 
Kesimpulan penelitian ini adalah bahwa pemberian seduhan kopi terbukti  

meningkatkan pergerakan gigi ortodonti dan remodeling tulang alveolar, melalui 
peran RANKL yang meningkatkan osteoklastogenesis, sehingga terjadi 
peningkatan resorpsi tulang dan peran TGF-β1, OPG, dan VEGF yang dihasilkan 
oleh osteoblas sehingga terjadi peningkatan  pembentukan atau aposisi tulang 
yang ditandai dengan peningkatan keliling bone island. 
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SUMMARY 
 

THE MECHANISM OF ORTHODONTIC TOOTH MOVEMENT AND 
ALVEOLAR BONE REMODELING PROCESS INDUCED WITH 

ORTHODONTIC MECHANICAL FORCE RESULTED FROM 
ADMINISTRATION OF COFFEE STEEPING 

 
Orthodontic treatment aims at adjusting the teeth composition into the 

correct curved arrangement, gaining efficiencies of chewing function, the 
harmony of the face, oral health, dentofacial esthetics as well as the stability of the 
position of the teeth takes 2-3 years. Poor oral and dental condition may cause a 
sufferer is more susceptible to periodontal disease and caries. 

 
The application of orthodontic mechanical force (OMF) may cause the 

area around the tooth divided into two areas i.e. compression area and tension 
area. In the compression area, the mechanical force will stimulate osteoclasts to 
perform alveolar bone resorption. After the resorption process is completed then it 
will undergo apoptosis thus the osteoclast resorption process stops. On the other 
hand, in the tension area, osteoblasts are activated to conduct new bone formation 
activity (apposition). If OMF is adequate then the process of resorption and 
alveolar bone apposition is in balance. OMF application on the teeth is 
characterized by inflammation which in turn can trigger active macrophages, 
activated macrophages release further cytokines and growth factors. 

 
Various attempts have been made to accelerate orthodontic tooth 

movement, i.e. using drugs, surgical methods and methods of physical and 
mechanical stimuli. Drugs used i.e. vitamin D, prostaglandins, interleukins, 
parathyroid hormone, misoprostol and others. Coffee is currently one of the most 
popular beverages consumed in the world. Robusta coffee contains various 
compounds, e.g. proteins, fats, trigonelline, minerals and caffeine. Besides, it also 
contains chlorogenic and caffeic acid that possess antioxidant effects. The purpose 
of this study was to experimentally test the mechanism of orthodontic tooth  
movement and alveolar bone remodeling process induced with orthodontic 
mechanical force resulted from administration of  coffee steeping. based on the 
roles of RANKL, OPG, VEGF, and TGF-β1. 

 
The type of the research was an experimental laboratory research. 24 rats 

(Spraque Dauwley), males, aged 3-4 months, weighed 250-300 grams and stated 
healthy. The selected rats possessed complete tooth arrangements, healthy oral 
cavity and periodontal tissues. The rats were randomly divided into 3 groups. 
Group C (-): rats applied with orthodontic tooth movement (OTM), group T: 
orthodontic mechanical force (OMF) and dried coffee steeping of 20mg / 100 g 
BW dissolved in 2 ml of distilled water, and group C (+): applied with orthodontic 
mechanical force (OMF) and caffeine (TCI -America- United States) of 1.35 mg / 
100 g BW dissolved in 2 ml of distilled water. Orthodontic mechanical force 
(OMF) in rats was conducted by anesthesia using ketamine. Ligature wires in 
diameter of 0.20 mm were applied on the molar-1 (M-1) of right permanent 
maxilla and both right incisivus teeth maxilla. Subsequently, the M-1 of right 
maxilla was moved to the mesial using Tension Gauce to generate power of 10 g / 
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cm2 with a Nickel Titanium Orthodontic Closed Coil Spring with the length of 6 
mm. Observations were made on the day 15 and the day 22 to take the GCF by 
placing the paper points to the gingival sulcus on the mesio- and disto- palatal 
area of the M-1 of right maxilla for 30 seconds and then put in eppendorf tubes. 
Besides, histological examination was conducted by means of the rats were 
sacrificed on the day 22 and extracted for both M1-1 and M-2 of  right maxilla 
together with their periodontal tissues to calculate the number of osteoblasts, 
osteoclasts, and bone island using a microscope. Increased tooth movement in rats 
was measured on film of X-ray photograph by measuring from the tip of the distal 
M-2 to the end of mesial M-1 of right maxilla lessened by mesiodistal width of 
upper right M-1 and M-2 using digital calipers. Determination of RANKL and 
OPG levels was performed by ELISA method. The data were statistically 
analyzed using Paired t-test, One-way Anova, Kruskal-Wallis, Brown-Forsythe, 
Wilcoxon Signed Ranks, Tukey HSD, Mann Whitney and Path analysis. 

 
The results of the study showed that the administration of coffee steeping 

on the day 15 and the day 22 increased the levels of RANKL in both compression 
area and tension area more than that administered only with pure caffeine, and 
those which were not administered with coffee steeping and pure caffeine (p 
<0.05). On the day 22 RANKL levels in the compression area administered with 
coffee steeping were decreased, but not significant (p> 0.05) compared to the day 
15. 

Administration of coffee steeping on the day 15 and the day 22 increased 
the levels of OPG either in the compression area or tension area more than that 
administered only with caffeine, and those not administered with coffee steeping 
and caffeine (p <0.05). On the day 22 OPG levels in the compression area 
administered with coffee steeping were decreased but not significantly (p> 0.05) 
compared to day 15, whereas OPG levels in the compression area administered 
with caffeine were increased significantly (P <0.05). On the day 22 in the tension 
area OPG levels were increased but not significantly (p> 0.05) in the 
administration of coffee steeping compared to the day 15.  

 
Coffee steeping administration increased VEGF levels on the day 15 and 

day 22 both in the compression area and tension area compared to those 
administered with caffeine, and to those not administered with coffee steeping or 
caffeine (p <0.05). On the day 22 VEGF levels in the compression area 
administered with coffee steeping or caffeine were increased but not significantly 
(p> 0.05) compared to day 15. On the day 22 in the tension area administered with 
coffee steeping VEGF levels were increased but not significantly (p> 0.05) 
compared to day 15. 

 
Administration of coffee steeping and caffeine increased the levels of 

TGF-β1 on the day 15 and day 22 both in the compression area and the tension 
area than those not administered with coffee steeping and caffeine (p <0.05). On 
the day 22 TGF-β1 levels in the compression area and tension area administered 
with coffee steeping were decreased significantly (p <0.05) compared to day 15.  
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Administration of coffee steeping in the compression area and the tension 
area increased the number of osteoblasts more than that administered with 
caffeine ((p> 0.05), or those not administered with coffee steeping and caffeine (p 
<0.05). The administration of coffee steeping in the compression area and the 
tension area increased the number of osteoclasts compared to those administered 
with caffeine ((p> 0.05), or those not administered with coffee steeping and 
caffeine (p <0.05). The test on the circumference of bone islands among the study 
groups in the compression area showed no significant difference (p> 0.05), 
whereas the tension area administered coffee steeping increased the circumference  
of bone islands compared to the tension area administered with caffeine but not 
significantly (p> 0.05), and to those not administered with coffee steeping and 
caffeine (p <0.05). The administration of coffee steeping on the day 15 and day 22 
improved the movement of M1 of maxilla compared to caffeine administration 
(p> 0.05), and those not administered with coffee steeping or caffeine (p <0.05).  

 
 Results of the pathway analysis shows that the RANKL and TGF-β1 

plays an important role to improve the orthodontic tooth movement and alveolar 
bone remodeling. The administration of coffee steeping increases the levels of 
RANKL thus it increases the number of osteoclasts followed by the increase of 
tooth movement. The administration of  coffee steeping also increases the number 
of osteoblasts, thus it increases the levels of TGF-β1, and ultimately increases the 
number of bone islands. 

  
The conclusion of this study was that administration of coffee steeping 

proved to effectively improve orthodontic tooth movement and alveolar bone 
remodeling, through the role of RANKL which increased osteoclastogenesis 
resulting in increased bone resorption and the role of TGF-β1, OPG, and VEGF 
produced by osteoblasts leading to increased formation or bone apposition 
characterized by increased bone island. 
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ABSTRACT 
 

THE MECHANISM OF ORTHODONTIC TOOTH MOVEMENT AND 
ALVEOLAR BONE REMODELING PROCESS INDUCED WITH 

ORTHODONTIC MECHANICAL FORCE RESULTED FROM 
ADMINISTRATION OF COFFEE STEEPING 

 
Herniyati 

 
Objective: To experimentally test the mechanism of orthodontic tooth movement 
and alveolar bone remodeling process induced with orthodontic mechanical force 
resulted from administration of  coffee steeping.  

Material and methods: The research method used was experimental laboratories, 
24 rats , were divided into 3 groups. Group A: the rats were applied with  OMF 
and 2 ml of distilled water, group B: OMF + coffee steeping at 20 mg/100 g of 
body weight  in 2 ml of distilled water, and group C : OMF + caffeine of 1,37 mg 
100 g of body weight in 2 ml of distilled water. OMF was conducted by applying 
ligature wires of 0.20 mm in diameter on the molar-1 (M-1) of right permanent 
maxilla and both incisivus of maxilla. Subsequently, the M-1 of right maxilla was 
moved to mesial with Ni-Ti orthodontic closed coil spring. Observations were 
made to take GCF at the mesio- and disto- palatal M-1 of right maxilla and then 
determined the levels of RANKL, OPG, VEGF, and TGF-β1 using ELISA 
method. Histological examination was conducted to calculate the number of 
osteoblasts, osteoclasts, and bone island. Increased tooth movement in the rats 
was measured resulted from X-ray photograph  
 
Results: showed that the administration of coffee steeping proved effectively 
increased the levels of RANKL, OPG, VEGF, and  TGF-β1 in both compression 
area and tension area greater compaired with that administered only with pure 
caffeine, and those which were not administered with coffee steeping and pure 
caffeine (p <0.05). The administration of coffee steeping improved the movement 
of M1 of right maxilla compared to those not administrated with coffee steeping 
or caffeine (p <0.05).  
 
Conclusions: the coffee steeping administration increased orthodontic tooth 
movement and alveolar bone remodeling.  
 
Key words : RANKL, OPG, VEGF, TGF-β1, Coffee, OMF 
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MCSF : Macrophage Colony Stimulating Factor  

MITF : Microphthalmia Transcription Factor  

MMP : Matriks Metalloproteinase  

MMP-9 : Matriks Metalloproteinase 9 

mRNA : Massenger Ribonucleic acid 

MSC : Masenchymal Stem Cell  

NFATc1 : Nuclear Factor-Activated T cells c1  

NF-kB : NuclearFfactor transcription  kB  

OC   : Osteoclast 

OCIF : Osteoclastogenesis Inhibitory Factor  

OPG : Osteoprotegerin  

PDL   : Periodontal ligament 

PGE : Prostaglandin 

PGO : Pergerakan Gigi Ortodonti   

PTH : Parathyroid  Hormon  

RANK : Receptor Activator of Nuclear factor- κβ  

RANKL : Receptor Activator of Nuclear factor- κβ Ligand  

TGF-β1 : Transforming Growth Factor β 1 

TIMP : Tissue Inhibitor of  Metaloproteinase  

TNF : Tumor Necrosis Factor  

TRAcP : Tartrate-Resistance Acid Phosphatase  

TRAP : Tartrate-Resistant Acid Phosphatase  

VEGF : Vascular Endothelial Growth Factor  
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