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Pendahuluan: 

Biomaterial yang diimplantasikan pada tubuh manusia memiliki kontak langsung terhadap 

jaringan tubuh. Hal ini dapat menimbulkan reaksi yang tidak diinginkan sehingga perlu 

dilakukan evaluasi Bioavailabilitas. Bahan implan orthopaedi diantaranya adalah stainless 

steel 316 L and Titanium alloy grade 2 sering digunakan pada plat, sekrup, dan prosthesis. 

Tujuan dari penelitian ini adalah untuk mengevaluasi Bioavailabilitas dari Stainless steel 316 

L and Titanium alloy grade 2 terhadap sel osteoblas dan fibroblas manusia. 

Metode: Penelitian experimental ini dilakukan menggunakan metode MTT assay terhadap sel 

fibroblas dan osteoblas yang didapatkan melalui proses kultur. Biomaterial implant yang 

digunakan adalah Stainless steel 316 L dan Titanium alloy grade 2. Bahan material di potong 

dan diproses menjadi ukuran yang sama, kemudian diberikan perlakuan terhadap sel. Sel 

yang telah mengalami kontak dengan implant dinilai densitas optik dan kemudian di hitung 

persentase kehidupan sel. 

Hasil: Penelitian ini menemukan bahwa densitas optik yang terbaca pada sampel lebih 

rendah dibandingkan dengan sel tanpa perlakuan. Meski demikian, densitas optik pada sel 

osteoblast dan fibroblas pada sampel Stainless steel 316 L memiliki kematian sel lebih tinggi 

dibandingkan dengan sampel Titanium alloy grade 2 (sel hidup osteoblast 78% vs 84%; 

fibroblast 74 % vs 65%) Secara statistik, kematian sel pada Titanium alloy grade 2 tidak 

berbeda bermakna jika dibandingkan dengan kematian sel pada Stainless steel 316 L (p>0.05) 

Kesimpulan: Penelitian ini menunjukkan bahwa Titanium alloy grade 2 dan Stainless steel 

316 L memiliki Bioavailabilitas yang baik dan tidak berbeda bermakna secara statistik 
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THE BIOAVAILABILITY  

OF STAINLESS STEEL 316 L AND TITANIUM ALLOY GRADE 2 

 TOWARDS HUMAN OSTEOBLAST AND FIBROBLAST CELL 

 

Suryadharma Hari Respati 

 

Introduction : Implanted biomaterial in the human body is having direct contact to human 

tissue that can lead to various unfavourable reaction, therefore its bioavailability should be 

evaluated. The common biomaterial implant in orthopaedic is Stainless steel 316 L and 

Titanium alloy grade 2 that were used in plate, screws, and other prosthesis. The aim of this 

study was to evaluate the bioavailability of Stainless steel 316 L and Titanium alloy grade 2 

towards human osteoblast and fibroblast cell. 

Methods : This was an experimental study conducted on human osteoblast and fibroblast cell 

which was obtained by cell culture using MTT assay methods. The biomaterial that selected 

in this study were Stainless steel 316 L and Titanium alloy grade 2. The material was cut and 

polished into same size, and then put them in contact with the cell. The optical density of the 

cell was then measured to calculate the percentage of the living cell. 

Results: This study found that the optical density read in the sample was lower compared to 

control. However, the cell that have contact to Stainless steel 316 L have more percentage of 

cell death compared with Titanium alloy grade 2 (living cell for osteoblast 78% vs 84%; 

fibroblast 74% vs 65%). Based on statistical analysis, both osteoblast and fibroblast cell death 

do not differ significantly between Stainless steel 316 L and Titanium alloy grade 2. 

Conclusion: This study showed that Stainless steel 316 L and Titanium alloy grade 2 which 

are widely used materials in orthopaedic have excellent bioavailability towards human 

osteoblast and fibroblast cells. 

 

Keyword: bioavailability; Stainless steel 316 L; Titanium alloy grade 2; fibroblast; osteoblast 

 

 

 

 

 

 

 

PERBANDINGAN UJI BIOAVAILABILITAS ANTARA STAINLESS STEEL 316 L DENGAN TITANIUM
ALLOY GRADE 2  
BERDASARKAN REAKSI KOLONI OSTEOBLAS DAN FIBROBLAS (in vitro)
SURYADHARMA HARI RES, DR. Dr. Rahadyan Magetsari, Sp.OT(K)., Ph.D., FICS.; dr. Yudha mathan Sakti, Sp.OT(K).
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



x 

 

DAFTAR ISI 

 

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

LEMBAR PENGESAHAN............................................................................................... ii 

LEMBAR KEASLIAN...................................................................................................... iv 

KATA PENGANTAR....................................................................................................... 

Abstrak................................................................................................................................ 

Abstract...............................................................................................................................       

    v 

  viii 

    ix 

DAFTAR ISI.......................................................................................................................     x 

DAFTAR GAMBAR.......................................................................................................... xii 

DAFTAR TABEL............................................................................................................... xiii 

BAB I. PENDAHULUAN  

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

1.2. Rumusan Masalah.................................................................................................... 3 

1.3. Tujuan Penelitian...................................................................................................... 4 

1.4. Manfaat Penelitian.................................................................................................... 5 

BAB II. TINJAUAN PUSTAKA  

2.1. Kajian Pustaka .............................................................................................................. 5 

2.1.1.Biomaterial.............................................................................................................. 5 

2.1.2.Jenis Biomaterial..................................................................................................... 

2.1.2.a. Bioavailabilitas metal................................................................................... 

2.1.2.b. Bioavailabilitas Stainless steel 316 L.......................................................... 

2.1.2.c. Bioavailabilitas Titanium alloy grade 2...................................................... 

10 

11 

12 

17 

2.1.3Uji Bioaviabilitas .................................................................................................... 

2.1.3.a. Macam uji Bioavailabilitas............................................................................. 

2.1.3.b. MTT Assay ................................................................................................... 

21 

21 

24 

2.1.4 Fibroblast................................................................................................................ 27 

2.1.5.Osteoblast............................................................................................................... 30 

2.2. Kerangka konsep ..........................................................................................................    33 

2.3. Hipotesis penelitian ...................................................................................................... 35 

BAB III. METODE PENELITIAN  

3.1. Rancangan Penelitian.................................................................................................... 36 

PERBANDINGAN UJI BIOAVAILABILITAS ANTARA STAINLESS STEEL 316 L DENGAN TITANIUM
ALLOY GRADE 2  
BERDASARKAN REAKSI KOLONI OSTEOBLAS DAN FIBROBLAS (in vitro)
SURYADHARMA HARI RES, DR. Dr. Rahadyan Magetsari, Sp.OT(K)., Ph.D., FICS.; dr. Yudha mathan Sakti, Sp.OT(K).
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



xi 

 

       3.1.1 Sampel penelitian ................................................................................................ 

3.1.2. Identifikasi variable penelitian ........................................................................... 

3.1.3. Definisi operasional ............................................................................................ 

3.2 Tahapan penelitian 

       3.2.1. Alat penelitian..................................................................................................... 

       3.2.2. Bahan penelitian ................................................................................................. 

       3.2.3. Cara kerja ............................................................................................................ 

       3.2.4 lokasi dan waktu penelitian.................................................................................. 

37 

38 

38 

 

40 

41 

42 

47 

BAB IV. HASIL DAN PEMBAHASAN  

4.1. Hasil Penelitian.............................................................................................................. 48 

4.2. Pembahasan...................................................................................................................    55 

BAB V. KESIMPULAN DAN SARAN  

5.1. Kesimpulan.................................................................................................................... 60                                                                                                           

5.2. Saran.............................................................................................................................. 60 

DAFTAR PUSTAKA......................................................................................................... 61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PERBANDINGAN UJI BIOAVAILABILITAS ANTARA STAINLESS STEEL 316 L DENGAN TITANIUM
ALLOY GRADE 2  
BERDASARKAN REAKSI KOLONI OSTEOBLAS DAN FIBROBLAS (in vitro)
SURYADHARMA HARI RES, DR. Dr. Rahadyan Magetsari, Sp.OT(K)., Ph.D., FICS.; dr. Yudha mathan Sakti, Sp.OT(K).
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



xii 

 

DAFTAR GAMBAR 

 

Gambar 2.1 Persyaratan material implantasi untuk aplikasi orthopaedi .................................... 

Gambar 2.2 Komponen Stainless steel 316 L............................................................................. 

Gambar 2.3 Klasifikasi Titanium alloy grade 2.......................................................................... 

Gambar  2.4 Reaksi Reduksi MTT menjadi Formazan 1............................................................ 

Gambar 2.5 Sel fibroblas dan fibrosit secara skematis .............................................................. 

Gambar 2.6 Gambaran osteoblast secara mikroskopis .............................................................. 

Gambar 2.7. Kerangka Konsep Penelitian.................................................................................. 

8 

15 

20 

25 

29 

31 

34 

Gambar 3.1. Rancangan Penelitian ............................................................................................ 

Gambar 3.2  Stainless steel 316 L............................................................................................... 

Gambar 3.3 Titanium alloy grade 2............................................................................................ 

Gambar 3.4 Proses cuting material ............................................................................................ 

Gambar 3.5 Peralatan grinding dan polishing material .............................................................. 

Gambar 3.6 Penelitian uji Bioavailabilitas dilakukan di laboratorium khusus kultur sel di Lab   

LPPT UGM 

36 

38 

33 

42 

42 

43 

Gambar 4.1. Post kontak dengan material .................................................................................. 49 

Gambar 4.2. Post penetesan MTT .............................................................................................. 

Gambar 4.3  Grafik perbandingan persentase sel hidup osteoblast dan fibroblast pada sampel   

Titanium alloy grade 2 dan Stainless steel 316 L 

50 

54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PERBANDINGAN UJI BIOAVAILABILITAS ANTARA STAINLESS STEEL 316 L DENGAN TITANIUM
ALLOY GRADE 2  
BERDASARKAN REAKSI KOLONI OSTEOBLAS DAN FIBROBLAS (in vitro)
SURYADHARMA HARI RES, DR. Dr. Rahadyan Magetsari, Sp.OT(K)., Ph.D., FICS.; dr. Yudha mathan Sakti, Sp.OT(K).
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/



xiii 

 

DAFTAR TABEL 

 

Tabel 2.1. Sifat mekanik beberapa biomaterial ........................................................................... 10 

Tabel 2.2. Komponen Stainless steel 316 L................................................................................. 

Tabel 3.1  Ukuran sampel Stainless steel 316 L.......................................................................... 

Tabel 3.2  Ukuran sampel Titanium alloy grade 2 ..................................................................... 

Tabel 3.3 Skema Alokasi waktu penelitian ................................................................................. 

16 

37 

38 

47 

Tabel 4.1. Analisis persebaran data ukuran material ................................................................... 48 

Tabel 4.2. Profil viabilitas osteoblast pada Titanium alloy grade 2 dan Stainless steel 316 L..... 51 

Tabel 4.3. Analisis distribusi normalitas data osteoblas .............................................................. 52 

Tabel 4.4. Profil viabilitas fibroblast pada Titanium alloy grade 2 dan Stainless steel 316 L..... 52 

Tabel 4.5  Analisis distribusi normalitas data fibroblas............................................................... 

Tabel 4.6. Analisis statistik perbandingan antara Titanium alloy grade 2 dan stainless steel 

316 L 

 

53 

54 

 

 

 

PERBANDINGAN UJI BIOAVAILABILITAS ANTARA STAINLESS STEEL 316 L DENGAN TITANIUM
ALLOY GRADE 2  
BERDASARKAN REAKSI KOLONI OSTEOBLAS DAN FIBROBLAS (in vitro)
SURYADHARMA HARI RES, DR. Dr. Rahadyan Magetsari, Sp.OT(K)., Ph.D., FICS.; dr. Yudha mathan Sakti, Sp.OT(K).
Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/


