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M.Si. Program Studi Teknik Biomedis, Departemen Fisika, Fakultas Sains dan 
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ABSTRAK 

Chronic Subdural Hematoma (cSDH) merupakan cedera kepala yang 
mengharuskan proses pembedahan berupa burr hole atau pelubangan pada tulang 
kepala atau cranium. Salah satu penanganan yang cukup efektif adalah melakukan 
rekonstruksi tulang kepala dengan cranio plug. Cranio plug yang ideal memiliki 
sifat yang memenuhi estetika, dapat membantu proses proliferasi sel tulang, dan 
memiliki mekanik yang cukup. Penelitian ini bertujuan untuk mengetahui variasi 
Col-HA yang optimal dalam penanganan burr hole akibat cSDH. Material yang 
digunakan dalam penelitian ini meliputi kolagen (Col), hidroksiapatit (HA) dengan 
agen ikat silang glutaraldehid. Variasi konsentrasi Col: HA dalam penelitian ini 
meliputi 75:25, 50:50, 30:70, dan 40:60. Metode yang digunakan meliputi 
pencetakan dan freeze drying. Hasil FTIR membuktikan terjadinya ikat silang 
antara gugus karbonil dari glutaraldehid dan gugus amina dari kolagen. Pengujian 
SEM membuktikan adanya pori yang berukuran rata rata 9,727-244,048 . Pada 
uji densitas didapatkan massa jenis antara 0,318-0,566 g/cm3. Pengujian 
sitotoksisitas membuktikan seluruh variasi memiliki viabilitas sel di atas 50%. Pada 
pengujian degradasi didapatkan seluruh variasi dapat terdegradasi. Pada pengujian 
pull out didapatkan pergeseran yang cukup kecil yang berkisar antara 0,7996-
2,4402 mm. Pada pengujian compressive strength didapatkan nilai kuat tekan antara 
0,537-2,667 MPa. Dari pengujian yang dilakukan, dapat ditarik kesimpulan variasi 
C (30:70) merupakan kandidat cranio plug yang paling baik sebagai solusi 
penanganan burr hole akibat cSDH. 
 
Kata kunci: Chronic Subdural Hematoma, cranio plug, kolagen, hidroksiapatit, 
dan, glutaraldehid.  
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Hydroxyapatite (Col-HA) as a Cranio Plug Candidate. This script was 
supervised by Dr. Prihartini Widiyanti, drg., M.Kes., S.Bio. and Dr. Ir. Aminatun, 
M.Si. Undergraduate Study of Biomedical Engineering, Department of Physics, 
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ABSTRACT 

Chronic Subdural Hematoma (cSDH) is a head injury that requires a surgical 
process in the form of a burr hole or a hole in the skull or cranium. One of the most 
effective treatments is to reconstruct the skull with a cranio plug. The ideal cranio 
plug has properties that aesthetics, can help the process of bone cell proliferation, 
and has sufficient mechanics. This study aims to determine the optimal Col:HA 
variation in handling burr holes due to cSDH. The materials used in this study 
include collagen (Col), hydroxyapatite (HA) with a crosslinking agent 
glutaraldehyde. Variations in the concentration of Col:HA in this study included 
75:25, 50:50, 30:70, and 40:60 . The methods used include molding and freeze 
drying. The FTIR results prove the occurrence of cross-linking between the 
carbonyl group of glutaraldehyde and the amine group of collagen. SEM test proves 
the presence of pores with an average size of 9,727-
the density is between 0.318-0.566 g/cm3. Cytotoxicity test proved that all 
variations had cell viability above 50%. In the degradation test, it was found that all 
variations could be degraded. In the pull out test, a fairly small shift was found, 
which ranged from 0.7996 to 2.4402 mm. In the compressive strength test, the 
compressive strength value is between 0.537-2.667 MPa. From the tests carried out, 
it can be concluded that variation C (30:70) is the best candidate for cranio plug as 
a solution for handling burr holes due to cSDH. 
 
Keywords: Chronic Subdural Hematoma, cranio plug, collagen, hydroxyapatite, 
and, glutaraldehyde.   



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

 

x 
SKRIPSI SINTESIS DAN KARAKTERISASI       SALWA ALMAS 

 

DAFTAR ISI 

Halaman 

LEMBAR PERNYATAAN .................................................................................... ii 
LEMBAR PENGESAHAN NASKAH SKRIPSI .................................................. iii 
PEDOMAN PENGGUNAAN SKRIPSI ............................................................... iv 
LEMBAR PERNYATAAN KEASLIAN ............................................................... v 
KATA PENGANTAR ........................................................................................... vi 
ABSTRAK ........................................................................................................... viii 
ABSTRACT ........................................................................................................... ix 
DAFTAR ISI ........................................................................................................... x 
DAFTAR TABEL ................................................................................................ xiii 
DAFTAR GAMBAR ........................................................................................... xiv 
DAFTAR LAMPIRAN ........................................................................................ xvi 
BAB I ...................................................................................................................... 1 
PENDAHULUAN .................................................................................................. 1 

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

1.2 Rumusan Masalah .................................................................................... 5 

1.3 Batasan Masalah ....................................................................................... 5 

1.4 Tujuan Penelitian ...................................................................................... 5 

1.5 Manfaat Penelitian .................................................................................... 6 

BAB II ..................................................................................................................... 7 
TINJAUAN PUSTAKA ......................................................................................... 7 

2.1 Anatomi Os Cranium ............................................................................... 7 

2.2 Chronic Subdural Hematoma (cSDH) ..................................................... 9 

2.3 Craniotomy ............................................................................................. 10 

2.4 Cranio Plug ............................................................................................ 12 

2.5 Collagen ................................................................................................. 14 

2.6 Hidroksipatit ........................................................................................... 15 

2.7 Glutaraldehyde ....................................................................................... 16 

2.8 Metode Molding ..................................................................................... 17 

2.9 Metode Freeze drying ............................................................................ 17 

2.10  Uji FTIR ................................................................................................ 18 

2.11 Uji SEM .................................................................................................. 19 

2.12 Uji Densitas ............................................................................................ 20 

2.13 Uji Sitotoksisitas ..................................................................................... 20 

2.14 Uji Degradasi .......................................................................................... 21 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

 

xi 
SKRIPSI SINTESIS DAN KARAKTERISASI       SALWA ALMAS 

 

2.15 Uji Pull out ............................................................................................. 22 

2.16 Uji Compressive Strength ....................................................................... 22 

BAB III ................................................................................................................. 24 
METODE PENELITIAN ...................................................................................... 24 

3.1 Waktu dan Tempat Penelitian ................................................................ 24 

3.2 Alat dan Bahan ....................................................................................... 24 

3.2.1 Alat ..................................................................................................... 24 

3.2.2 Bahan .................................................................................................. 24 

3.3 Variabel Penelitian ................................................................................. 24 

3.4 Flowchart Penelitian .............................................................................. 25 

3.5 Prosedur Penelitian ................................................................................. 26 

3.5.1 Sintesis ............................................................................................... 26 

3.5.1.1 Preparasi Larutan Collagen-Hidroksiapatit ............................ 26 

3.5.1.2 Proses Sintesis ........................................................................ 26 

3.5.1.3 Proses Cetak Suspensi ............................................................ 27 

3.5.1.4 Proses freeze Drying .............................................................. 27 

3.5.2 Karakterisasi ....................................................................................... 27 

3.5.2.1 Analisis gugus fungsi dengan FT-IR ...................................... 27 

3.5.2.2 Scanning Electron Microscope (SEM) ................................... 28 

3.5.2.3 Densitas .................................................................................. 29 

3.5.2.4 Degradasi ................................................................................ 29 

3.5.2.5 Sitotoksisitas ........................................................................... 29 

3.5.2.6 Pull out ................................................................................... 30 

3.5.2.7 Compressive Strength ............................................................. 30 

BAB IV ................................................................................................................. 32 
HASIL DAN PEMBAHASAN ............................................................................. 32 

4.1 Uji FTIR ...................................................................................................... 33 

4.2 Uji SEM ...................................................................................................... 36 

4.3 Uji Densitas ................................................................................................. 41 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

 

xii 
SKRIPSI SINTESIS DAN KARAKTERISASI       SALWA ALMAS 

 

4.4 Uji Sitotoksisitas ......................................................................................... 43 

4.5 Uji Degradasi .............................................................................................. 46 

4.6 Uji Pull out .................................................................................................. 48 

4.7 Uji Compressive Strength ........................................................................... 50 

BAB V ................................................................................................................... 53 
KESIMPULAN DAN SARAN ............................................................................. 53 

5.1 Kesimpulan ................................................................................................. 53 

5.2 Saran ............................................................................................................ 54 

DAFTAR PUSTAKA ........................................................................................... 56 
LAMPIRAN .......................................................................................................... 71 
 
 

  



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

 

xiii 
SKRIPSI SINTESIS DAN KARAKTERISASI       SALWA ALMAS 

 

DAFTAR TABEL 

Nomor Judul Tabel Halaman 

3.1 Perbandingan Konsentrasi Tiap Sampel 26 

4.1 Tabel Bilangan Gelombang FTIR 34 

4.2 Perbandingan Ukuran Pori 38 

4.3 Perbandingan Area Gelap 41 

4.4 Hasil Pengukuran Densitas 42 

4.5 Hasil Pengujian MTT Assay 44 

4.6 Hasil Uji Degradasi 47 

4.7 Perbandingan Displacement 49 

4.8 Hasil Pengujian Kuat Tekan 50 

 

  



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

 

xiv 
SKRIPSI SINTESIS DAN KARAKTERISASI       SALWA ALMAS 

 

DAFTAR GAMBAR 

Nomor Judul Gambar Halaman 

2.1 Anatomi Tulang Kepala Arah Coronal 8 

2.2 Anatomi Tulang Kepala Bagian Atas Arah Axial 8 

2.3 Tulang Temporal Lateral View  9 

2.4 Ilustrasi (cSDH) 10 

2.5 Daerah Anatomis Craniotomy 11 

2.6 Bone Flap 12 

2.7 Biodegradable Cranio Plug 13 

2.8 Struktur Kimia Collagen 14 

2.9 Struktur Kimia Hidroksiapatit 15 

2.10 Crosslinking Antara Glutaraldehid dengan Kolagen 17 

2.11 Diagram Skematik FTIR 18 

2.12 Prinsip Kerja Instrumen FTIR 19 

2.13 Prinsip Kerja Instrumen SEM 20 

2.14 Grafik Pull out 22 

2.15 Kurva Compresive Strength 23 

3.1 Flowchart penelitian 25 

3.2 Alat FTIR 28 

3.3 Alat SEM 28 

3.4 Alat ELISA Reader 29 

3.5 Ilustrasi Pengujian Pull out 30 

3.6 Ilustrasi Pengujian Compressive Strength 31 

4.1 Scaffold dan Prototype Cranio Plug 32 

4.2 Hasil Gelombang FTIR 33 

4.3 Pembentukkan Ikatan Kolagen dan Hidroksiapatit 36 

4.4 Interaksi Dasar Collagen dan Glutaraldehid 36 

4.5 Hasil SEM 38 

4.6 Grafik Persebaran Pori 39 

4.7 Hasil Persebaran Warna SEM 40 



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

 

xv 
SKRIPSI SINTESIS DAN KARAKTERISASI       SALWA ALMAS 

 

4.8 Hasil Pengujian MTT 43 

4.9 Grafik Viabilitas Sel 45 

4.10 Grafik Pengujian Kuat Tekan 51 

  



IR  PERPUSTAKAAN UNIVERSITAS AIRLANGGA 
 

 

xvi 
SKRIPSI SINTESIS DAN KARAKTERISASI       SALWA ALMAS 

 

DAFTAR LAMPIRAN 

Nomor     Judul Lampiran 

1 Bahan 

2 Alat 

3 Sintesis Sampel 

4  Proses Karakterisasi 

5 Hasil Uji Fourier Transform Infrared (FTIR) 

6 Hasil Scanning Electron Microscopy (SEM) 

7 Analisis Hasil Uji Densitas 

8 Hasil Uji MTT Assay 

9 Pengujian Degradasi 

10 Analisis Pengujian Compressive Strength 

11 Analisis Pengujian Pull Out 


