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ABSTRAK 
 

 
Latar belakang: Relaps ortodonti atau kembalinya gigi ke posisi semula setelah perawatan 

ortodonti selesai dirawat dengan piranti ortodonti aktif. Pergerakan gigi ortodonti (PGO) 

memerlukan remodeling jaringan periodontal yang berperan sangat penting terhadap 

kecenderungan gigi kembali ke posisi semula sebelum perawatan. Pemberian kombinasi 

ERW dan EGCG dalam upaya meningkatkan mekanisme osteogenesis sebagai material obat 

dari bahan alam yang dapat mencegah relaps PGO pada sisi tarikan. Tujuan: Menganalisis 

mekanisme remodeling tulang alveolar relaps gigi ortodonti setelah pemberian kombinasi 

ERW dan EGCG. Metode dan Material: 54 tikus Wistar (Rattus norvegicus) dibagi dalam 3 

kelompok yaitu kelompok KN(-): tanpa perlakuan, kelompok KP(+): dengan pemberian 

simvastatin, kelompok P: dengan pemberian kombinasi ERW dan EGCG. Pada hari ke-0, 7, 

14 hewan coba dikorbankan dan jaringan maksila diisolasi. Dilakukan pemeriksaan ekspresi 

TGF- - -8, RANKL, kadar ALP dan ROS, jumlah sel osteoklas dan osteoblas, 

serta jarak pergerakan gigi ortodonti diperiksa. Hasil: Kelompok perlakuan menunjukkan 

penurunan kadar ROS, ekspresi NF- -8, RANKL, jumlah sel osteoklas, jarak relaps 

PGO dan peningkatan ekspresi TGF- Simpulan: 

Pemberian kombinasi ERW dan EGCG dapat menghambat pencegahan relaps pada 

remodeling tulang alveolar sisi tarikan selama PGO. 

Kata Kunci: Kombinasi ERW dan EGCG, Pergerakan gigi ortodonti, Relaps, Remodeling 

tulang alveolar 
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ABSTRACT 
 
 

Background: Orthodontic relapse or the return of teeth to their starting position after 

orthodontic treatment has been completed with active orthodontic appliances. Orthodontic 

tooth movement requires periodontal tissue remodeling which plays a very important role in 

the tendency of teeth to return to their starting position before treatment. Administration of 

ERW and EGCG combination is an effort to increase the osteogenesis mechanism as a 

natural drug material that could prevent orthodontic tooth movement relapse on the tensile 

side. Objective: To analyze the mechanism of alveolar bone remodeling in orthodontic tooth 

relapse after administration of ERW and EGCG combination. Methods and Materials: 54 

Wistar rats (Rattus norvegicus) were divided into 3 groups: KN(-) group: without treatment, 

KP(+) group: given simvastatin, group P: given a combination of ERW and EGCG. On day  

0, 7, 14 experimental animals were sacrificed and maxillary tissue was isolated. We 

examined the expression of TGF- -B, MMP-8, RANKL, levels of ALP and ROS, the 

number of osteoclasts and osteoblasts, as well as the distance of movement of orthodontic 

teeth. Results: The treatment group showed decreased levels of ROS, expression of NF-B, 

MMP-8, RANKL, number of osteoclasts, orthodontic tooth movement relapse distance and 

increased expression of TGF-

Administration of ERW and EGCG combination can inhibit the prevention of relapse in the 

tensile side alveolar bone remodeling during orthodontic tooth movement. 

 
Keywords: Combination of ERW and EGCG, Orthodontic tooth movement, Relapse, 

Alveolar bone remodeling 
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RINGKASAN 
 
 

Maloklusi adalah ketidaksesuaian hubungan antar gigi atau rahang yang menyimpang 

dari normal yang derajatnya berbeda-beda dari rendah ke tinggi. Hal tersebut menyebabkan 

kebutuhan akan perawatan ortodonti mengalami peningkatan tidak hanya di Indonesia tetapi 

juga di banyak negara lain. Perawatan ortodonti bertujuan untuk merapikan letak susunan  

gigi ke dalam lengkung geligi yang benar, sehingga memperbaiki fungsi kunyah, keserasian 

wajah, estetik, kesehatan jaringan mulut, stabilitas kedudukan gigi setelah perawatan, serta 

menggerakkan gigi dengan meminimalkan efek yang merugikan pada gigi dan jaringan 

pendukung membutuhkan waktu 2-3 tahun. 

Relaps ortodonti atau kembalinya gigi ke posisi semula setelah perawatan ortodonti 

selesai dirawat dengan piranti ortodonti aktif. Beberapa faktor yang mempengaruhi terjadinya 

relaps yaitu pertumbuhan gigi molar ketiga, tekanan otot, kegagalan menghilangkan faktor 

penyebab, kebiasaan buruk, dan tidak memakai retainer. Prevalensi relaps setelah perawatan 

ortodonti mencapai angka 50% setelah 1 tahun penggunaan retainer. Upaya pemberian bahan 

obat tertentu dilakukan untuk pencegahan relaps. Bifosfonat merupakan obat terapi 

osteoporosis yang dapat digunakan untuk meningkatkan stabilitas tulang alveolar baru yang 

terbentuk pasca perawatan ortodonti. Simvastatin juga dapat mencegah relaps melalui 

penghambatan aktivitas osteoklas dalam fungsi resorpsi tulang dan stimulasi pembentukan 

tulang. 

Pencegahan relaps yang efektif perlu dilakukan untuk mengurangi durasi perawatan 

ortodonti dengan mengoptimalkan remodeling pada tulang alveolar pada sisi tarikan dengan 

pemberian terapi bahan alami. Tujuan penelitian ini adalah untuk menganalisis remodeling 

tulang alveolar relaps gigi ortodonti setelah pemberian kombinasi ERW dan EGCG terhadap 

variabel terkait yaitu Biometriks relaps, jumlah sel osteoklas, jumlah sel osteoblas, kadar 

ALP, kadar ROS, ekspresi NF- -8, ekspresi RANKL, ekspresi TGF-  
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Penelitian ini adalah penelitian eksperimental laboratories. Desain penelitian ini 

adalah randomized post test only control group design. Pengukuran variabel hanya dilakukan 

setelah pemberian perlakuan, ada pengulangan atau replikasi dan ada kelompok kontrol atau 

pebanding. Unit eksperimen dalam penelitian ini adalah tikus Wistar jantan yang diperoleh 

dari Laboratorium Hewan Coba Fakultas Kedokteran Hewan Universitas Airlangga 

Surabaya, dewasa, jantan, umur 16-20 minggu, berat badan antara 250-300 gram. Tedapat 3 

kelompok yaitu : kelompok kontrol negatif dgn pemberian ERW, kelompok kontrol positif 

dengan pemberian simvastatin, dan kelompok perlakuan dengan pemberian kombinasi ERW 

dan EGCG selama 14 hari. Penelitian ini menggunakan kekuatan close coil spring dengan 

panjang 8 mm diletakkan diantara gigi insisif sentral rahang atas kanan dan gigi molar 

pertama rahang atas kanan. Kekuatan close coil spring diukur menggunakan tension gauge 

untuk menghasilkan kekuatan sebesar 10 gram. Ekstraksi jaringan dilakukan pada hari ke 0, 

7, dan 14 post debonding. 

Terdapat peningkatan kadar ALP, ekspresi TGF-

terdapat penurunan kadar ROS, ekspresi NF- -8, ekspresi RANKL, jumlah 

sel Osteoklas pada remodeling tulang alveolar relaps gigi ortodonti setelah pemberian 

kombinasi ERW dan EGCG. 9.  Mekanisme   pencegahan   relaps   pergerakan   gigi 

ortodonti ditunjukkan pada analisis jalur NF-kB - TGF-  Osteoblas  Biometriks relaps 

yang menunjukkan aktivitas TGF-

jumlah osteoblas dalam proses aposisi tulang. 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

DISERTASI MEKANISME PENCEGAHAN RELAPS ANANDA FIRMAN P 

DAFTAR ISI 

HALAMAN JUDUL .............................................................................................................i 

HALAMAN PENGESAHAN ...............................................................................................ii 

SURAT PERNYATAAN ORIGINALITAS ......................................................................... iii 

PANITIA PENGUJI PROPOSAL DISERTASI ....................................................................iv 

UCAPAN TERIMAKASIH...................................................................................................v 

ABSTRAK ............................................................................................................................. viii 

RINGKASAN ........................................................................................................................x 

DAFTAR ISI .......................................................................................................................... xii 

DAFTAR TABEL .................................................................................................................. xv 

DAFTAR GAMBAR ........................................................................................................... xviii 

DAFTAR ISTILAH DAN LAMBANG ............................................................................. xix 

BAB 1 PENDAHULUAN .....................................................................................................1 

1.1 Latar Belakang .................................................................................................................1 

1.2 Rumusan Masalah ............................................................................................................6 

1.3 Tujuan Penelitian .............................................................................................................7 

1.3.1 Tujuan Umum ...................................................................................................7 

1.3.2 Tujuan Khusus ..................................................................................................7 

1.4 Manfaat ............................................................................................................................8 

1.4.1 Manfaat Teoritis ................................................................................................8 

1.4.2 Manfaat Praktis .................................................................................................8 

BAB 2 TINJAUAN PUSTAKA ............................................................................................9 

2.1 Electrolyzed Reduced Water (ERW) ...............................................................................9 

2.2 Epigallocatechin-3-gallate (EGCG) .................................................................................11 

2.3 Pergerakan Gigi Ortodonti ...............................................................................................14 

2.4 Teori Pergerakan Gigi Ortodonti .....................................................................................16 

2.5 Tekanan Mekanis Ortodonti Terhadap Tulang Alveolar .................................................18 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

DISERTASI MEKANISME PENCEGAHAN RELAPS ANANDA FIRMAN P 

2.6 Respon Jaringan Periodontal Terhadap Pergerakan Gigi Ortodonti ................................19 

2.7 Biomekanik Pergerakan Gigi ...........................................................................................20 

2.8 Relaps Gigi Ortodonti ......................................................................................................20 

2.8.1 Faktor Penyebab Relaps Gigi Ortodonti ...........................................................22 

2.8.2 Pencegahan Relaps Gigi Ortodonti ...................................................................24 

2.9 Transforming Growth Factor Beta (TGF-  ...................................................................25 

2.10 Runt-Related Transcription Factor-2 (Runx-2).............................................................26 

2.11 Growth Factor (Faktor Pertumbuhan) ...........................................................................27 

2.11.1 Vascular Endothelial Growth Factor (VEGF) ...............................................28 

2.11.2 Fibroblast Growth Factor 2 (FGF-2). ............................................................28 

2.12 Receptor Activator of Nuclear Factor-  RANKL ..........................................29 

2.13 Receptor Activator of Nuclear Factor-  (RANK) ......................................................29 

2.14 Osteoprotegerin (OPG) ..................................................................................................30 

2.15 Alkaline Phosphatase (ALP) ..........................................................................................32 

2.16 Kolagen tipe 1 ................................................................................................................33 

2.17 Osteoklas ........................................................................................................................34 

2.17.1 Pengertian Umum ...........................................................................................34 

2.17.2 Osteoklastogenesis ..........................................................................................35 

2.18 Osteoblas ........................................................................................................................36 

2.19 Matriks Metaloproteinase-8 (MMP-8) ..........................................................................38 

2.20 Radikal Bebas dan Antioksidan .....................................................................................39 

2.21 Melondialdehyde (MDA) ...............................................................................................41 

2.22 Heat Shock Protein 70 (HSP-70) ...................................................................................41 

2.23 Danger Associate Molecule Pattren (DAMP) ...............................................................42 

2.24 Makrofag ........................................................................................................................43 

2.25 Toll-Like Resceptor (TLR) .............................................................................................44 

2.26 Tumor Necrosis Factor (TNF) .......................................................................................45 

2.27 Interleukin-10 (IL-10) ....................................................................................................45 

BAB 3 KERANGKA KONSEPTUAL DAN HIPOTESIS PENELITIAN ...........................47 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

DISERTASI MEKANISME PENCEGAHAN RELAPS ANANDA FIRMAN P 

3.1 Kerangka Konseptual .......................................................................................................47 

3.2 Penjelasan Teori Kerangka Konseptual ...........................................................................48 

3.3 Hipotesis Penelitian .........................................................................................................50 

BAB 4 METODE PENELITIAN ..........................................................................................52 

4.1 Jenis Penelitian.................................................................................................................52 

4.2 Rancangan Penelitian .......................................................................................................52 

4.3 Unit Eksperimen dan Replikasi .......................................................................................53 

4.3.1 Unit Eksperimen ...............................................................................................53 

4.3.2 Replikasi ...........................................................................................................54 

4.4 Tempat dan Waktu Penelitian ..........................................................................................55 

4.4.1 Tempat Penelitian .............................................................................................55 

4.4.2 Waktu Penelitian ...............................................................................................55 

4.5 Variabel Penelitian ...........................................................................................................56 

4.5.1 Variabel Bebas ..................................................................................................56 

4.5.2 Variabel Tergantung .........................................................................................56 

4.5.3 Variabel Terkendali ..........................................................................................56 

4.6 Definisi Operasional ........................................................................................................56 

4.7 Alat dan Bahan Penelitian ................................................................................................58 

4.7.1 Alat Penelitian untuk Perlakuan Ortodonti .......................................................58 

4.7.2 Bahan Penelitian ...............................................................................................59 

4.8 Prosedur Penelitian ..........................................................................................................60 

4.8.1 Pembuatan ERW ...............................................................................................60 

4.8.2 Pembuatan campuran ERW dan EGCG ...........................................................61 

4.8.3 Persiapan Sampel Penelitian dan Perlakuan Hewan Coba ...............................61 

4.9 Analisis Data ....................................................................................................................68 

4.10 Kerangka Analisis Jalur .................................................................................................69 

4.11 Alur Penelitian ...............................................................................................................70 

BAB 5 HASIL PENELITIAN ....................................................................................... 71 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

DISERTASI MEKANISME PENCEGAHAN RELAPS ANANDA FIRMAN P 

5.1 Pengukuran Biometriks Relaps ........................................................................................72 

5.2 Hasil Pemeriksaan Histopatologi Jumlah Osteoklas........................................................73 

5.3 Hasil Pemeriksaan Histopatologi Jumlah Osteoblas........................................................75 

5.4 Hasil Pemeriksaan Kadar Alkaline Fosfatase (ALP) .......................................................77 

5.5 Hasil Pemeriksaan Kadar Reactive Oxygen Species (ROS) ............................................78 

5.6 Hasil Ekspresi Receptor activator of nuklear factor-  ligand (RANKL) .....................80 

5.7 Hasil Ekspresi Matrix Metalloproteinase (MMP-8) ........................................................81 

5.8 Hasil ekspresi Nuclear Factor Kappa Beta (NF-  ......................................................83 

5.9 Hasil Ekspresi Transforming Growth Factor Beta (TGF-  ...........................................85 

5.10 Hubungan Kausalistik Antar Variabel yang Diteliti ......................................................88 

BAB 6 PEMBAHASAN ........................................................................................................91 

6.1 Pengaruh Pemberian Kombinasi ERW dan EGCG Terhadap Biometrik Relaps ............91 

6.2 Pengaruh Pemberian Kombinasi ERW dan EGCG Terhadap Jumlah Osteoklas ............93 

6.3 Pengaruh Pemberian Kombinasi ERW dan EGCG Terhadap Jumlah Osteoblas ............95 

6.4 Pengaruh Pemberian Kombinasi ERW dan EGCG Terhadap Kadar ALP ......................97 

6.5 Pengaruh Pemberian Kombinasi ERW dan EGCG Terhadap Kadar ROS .....................98 

6.6 Pengaruh Pemberian Kombinasi ERW dan EGCG Terhadap Ekspresi RANKL............100 

6.7 Pengaruh Pemberian Kombinasi ERW dan EGCG Terhadap Ekspresi MMP-8 .............102 

6.8 Pengaruh Pemberian Kombinasi ERW dan EGCG Terhadap Ekspresi NF-  ..............105 

6.9 Pengaruh Pemberian Kombinasi ERW dan EGCG Terhadap Ekspresi TGF-  ............106 

6.10 Analisis Jalur Hubungan Antar Variabel ALP, ROS, TGF- - -8, 

RANKL, Jumlah Sel Osteoblas dan Osteoklas Serta Biometrik Relaps Pada 

Remodeling Tulang Alveolar Relaps Gigi Ortodonti Setelah Pemberian Kombinasi 

ERW dan EGCG .................................................................................................................... 108 

6.11 Temuan Baru. ................................................................................................................. 111 

6.11.1 Keterbatasan Penelitian. ..............................................................................................111 

BAB 7 PENUTUP .................................................................................................................112 

5.1 Kesimpulan ......................................................................................................................113 

5.2 Saran ................................................................................................................................113 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

DISERTASI MEKANISME PENCEGAHAN RELAPS ANANDA FIRMAN P 

DAFTAR PUSTAKA ............................................................................................................114 

LAMPIRAN ...........................................................................................................................129 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

DISERTASI MEKANISME PENCEGAHAN RELAPS ANANDA FIRMAN P 

DAFTAR TABEL 
 
 

Tabel 1. Hasil uji homogenitas dan normalitas antar kelompok perlakuan ...........................71 

Tabel 2. Deskripsi rerata, simpangan baku (SD), dan Kruskal Wallis biometriks relaps antar 

kelompok................................................................................................................................73 

Tabel 3. Deskripsi rerata, simpangan baku (SD), Kruskal Wallis jumlah sel osteoklas antar 
kelompok................................................................................................................................75 

Tabel 4. Deskripsi rerata, simpangan baku (SD), dan Kruskal Wallis jumlah sel osteoblas 

antar kelompok .......................................................................................................................76 

Tabel 5. Deskripsi rerata, simpangan baku (SD), dan Kruskal Wallis kadar ALP antar 

kelompok................................................................................................................................78 

Tabel 6. Deskripsi rerata, simpangan baku (SD), dan Kruskal Wallis kadar ROS antar 

kelompok................................................................................................................................79 

Tabel 7. Deskripsi rerata, simpangan baku (SD), dan Kruskal Wallis jumlah ekspresi RANKL 

antar kelompok .......................................................................................................................81 

Tabel 8. Deskripsi rerata, simpangan baku (SD), dan Kruskal Wallis jumlah ekspresi MMP-8 

antar kelompok .......................................................................................................................83 

Tabel 9. Deskripsi rerata, simpangan baku (SD), dan Kruskal Wallis jumlah ekspresi NF-

antar kelompok .......................................................................................................................85 

Tabel 10. Tabel 10. Deskripsi rerata, simpangan baku (SD), dan Kruskal Wallis jumlah 

ekspresi TGF-  antar kelompok.............................................................................................87 

Tabel 11. Hasil Pengujian Koefisien Jalur Biometriks Relaps ..............................................88 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

DISERTASI MEKANISME PENCEGAHAN RELAPS ANANDA FIRMAN P 

DAFTAR GAMBAR 

Gambar 1. Gambaran umum generator elektrolisis ...............................................................10 

Gambar 2. Peran flavonoid menghambat pembentukan ROS ...............................................12 

Gambar 3. Fase pergerakan gigi dengan penerapan gaya ortodonti ......................................17 

Gambar 4. Mekanisme pergerakan gigi ortodonti .................................................................20 

Gambar 5. Peran tulang alveolar dalam memediasi pergerakan dan relaps gigi ortodonti. ...21 

Gambar 6. Runx-2 dalam diferensiasi osteoblas ....................................................................27 

Gambar 7 Mekanisme aktivasi DAMP dan respon inflamasi ................................................43 

Gambar 8 Aktivasi of Toll-like receptors (TLRs) ..................................................................45 

Gambar 9. Diagram batang rerata biometriks relaps PGO antar kelompok ..........................72 

Gambar 10. Gambaran histopatologi sel osteoklas dengan pembesaran 400x ......................74 

Gambar 11. Diagram batang rerata jumlah sel osteoklas .......................................................74 

Gambar 12. Gambaran histopatologi sel osteoblas dengan pembesaran 400x ......................76 

Gambar 13. Diagram batang rerata jumlah sel osteoblas ....................................................... 76 

Gambar 14. Diagram batang rerata kadar ALP ......................................................................77 

Gambar 15. Diagram batang rerata kadar ROS .....................................................................79 

Gambar 16. Gambaran imunohistokimia ekspresi RANKL dengan pembesaran 400x .........80 

Gambar 17. Diagram batang rerata jumlah ekspresi RANKL ...............................................81 

Gambar 18. Gambaran imunohistokimia ekspresi MMP-8 dengan pembesaran 400x ..........82 

Gambar 19. Diagram batang rerata jumlah ekspresi MMP-8 ................................................83 

Gambar 20. Gambaran imunohistokimia ekspresi NF-  pembesaran 400x ...........84 

Gambar 21. Diagram batang rerata jumlah ekspresi NF-  ..................................................84 

Gambar 22. Gambaran imunohistokimia ekspresi TGF-  pembesaran 400x ...........86 

Gambar 23. Diagram batang rerata jumlah ekspresi TGF-  ..................................................87 

Gambar 24. Analisis jalur mekanisme pencegahan relaps gigi ortodonti dengan pemberian 

kombinasi ERW dan EGCG ..................................................................................................90 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

DISERTASI MEKANISME PENCEGAHAN RELAPS ANANDA FIRMAN P 

DAFTAR ISTILAH dan LAMBANG 
 
 
 

ALP : Alkaline Fosfatase 

BALP : Bone Alkaline Phosphatase 

BMP : Bone morphogenic protein 

CSF : Colony stimulating factor 

DAMPs : Damage/danger-Associated Molecular Patterns 

DNA : Deoxybonucleic Acid 

ECM : Extracelular Matrix 

EGCG : Epigallocatechin-3-gallate 

ERW : Elektrolyzed Reduced Water 

FGF : Fibroblas Growth Factor 

GCF : Gingival Crevicular Fluid 

GM-CFU : Granulocyte Macrophage Colony Unit 

GF : Growth Factor 

HGF : Hepatocyte Growth Factor 

HIF-  : Hypoxya-inducible factor-  

IGF : Insuline-like growth factor 

IL-1 : Interleukin 

MCSF : Macrophage colony stimulating factor 

MMP : Matrix metalloproteinase 

MMP-8 : Matrix metalloproteinase-8 

MSC : Mesenchymal Stem Cell 

NF-  : Nuclear Factor Kappa B 

OPG : Osteoprotegerin 

PDGF : Pletelet-derived Growth Factor 

PDL : Periodontal Ligamen 

PGO : Pergerakan Gigi Ortodonti 

PICP : Prokolagen Tipe 1 C Terminal Propeptide 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

DISERTASI MEKANISME PENCEGAHAN RELAPS ANANDA FIRMAN P 

PINP : Prokolagen Tipe 1 N Terminal Propeptide 

PTH : Paratiroid Hormone 

RANK  

RANKL : Receptor activator of nuclear  

ROS : Reactive Oxygen Species 

RUNX2 : Runt-Related Transcription Factror 2 

SOR : Senyawa Oksigen Reaktif 

TGF-   

TGF : Transforming Growthn Factor 

TNF-  : Tumor Necrosis Factor-  

TLR-4 : Toll Like Receptor 

VEGF : Vascular Endothelial Growth Factor 


