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Fuadah, Fikriyatul. 2022. Uji In Vitro Pedicle Screw Berpasta IBS untuk Spinal 
Tuberculosis Drug Delivery. Skripsi dibawah bimbingan Dyah Hikmawati, S.Si., 
M.Si. dan Drs. Djony Izak Rudyardjo, M.Si., Program Studi S1 Teknik Biomedis, 
Departemen Fisika, Fakultas Sains dan Teknologi, Universitas Airlangga. 

ABSTRAK 

Tuberkulosis (TBC) adalah salah satu penyakit menular penyebab 
kematian di dunia. Selain mengenai paru paru, infeksi tuberkulosis juga dapat 
mengenai tulang belakang. Spinal tuberculosis menyebabkan terjadinya destruksi 
pada tulang belakang dan terganggunya fungsi saraf. Pengobatan spinal 
tuberculosis paling efektif adalah dilakukan pembedahan dengan cara 
menghilangkan bakteri tuberkulosis kemudian mengganti tulang yang terinfeksi 
bakteri dengan bone graft untuk mendorong proses penyembuhan tulang. pada 
penelitian ini bertujuan untuk mengkombinasikan pedicle screw 3D printing 
dengan pasta Injectable bone substitute (IBS). Pedicle screw berbahan dasar PLA 
dicetak menggunakan 3D printing metode FDM. Pasta IBS disintesis dengan 
mencampurkan gelatin, hidroksiapatit (HA), streptomisin, dan hydroxypropyl 
methylcellulose (HPMC). Hasil uji morfologi didapatkan rata-rata ukuran pori 
pedicle screw sebelum diinjeksi pasta IBS sebesar ± 1,772 mm, setelah diinjeksi 
pasta IBS sebesar ± 0,684 mm, dan setelah terdegradasi sebesar ± 0,616 mm. Pada 
uji morfologi menggunakan SEM menunjukkan bahwa pasta IBS berhasil setting 
dan menyisakan mikropori sebesar ± (2,381 - 219,248) µm. Uji degradasi dengan 
variasi waktu (8,16,24,32,64,72) jam menunjukkan bahwa pedicle screw berpasta 
IBS dapat terdegradasi, dibuktikan dengan penurunan rata-rata massa dari pedicle 
screw dari ± 0,778 gram menjadi ± 0,7202 gram, bertambahnya ukuran pada pori 
Dari ± 1,7729 mm menjadi ± 0,616 mm, dan penurunan pH larutan dari 7,2 
menjadi 6,7. Hasil uji FTIR mampu mengidentifikasi gugus fungsi dari setiap 
bahan penyusun pedicle screw berpasta IBS. HA berhasil teridentifikasi dari uji 
XRD dengan menunjukkan puncak tertinggi di 31,6161° dan rata-rata ukuran 
kristal sebesar ± 21,910 nm. Hasil dari uji pelepasan obat menunjukkan bahwa 
pasta IBS mampu mengontrol pelepasan streptomisin. Hasil uji sitotoksisitas 
menunjukkan sampel tidak toksik karena viabilitas sel pada sebagian besar sampel 
di atas 70%. Selain itu, saat dilakukan uji anti TBC pasta IBS juga terbukti dapat 
menghambat pertumbuhan Mycobacterium tuberculosis. Dengan demikian, 
kombinasi pedicle screw berpasta IBS yang berbahan dasar gelatin, HA, 
streptomisin, dan HPMC, telah memenuhi syarat sebagai obat sekaligus fiksasi 
pada kasus spinal tuberculosis. 
 
 
 

Kata kunci : spinal tuberculosis, pedicle screw, 3D printing, PLA, IBS, drug 
delivery 
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Spinal Tuberculosis Drug Delivery. This bachelor thesis was under guidances of 
Dyah Hikmawati, S.Si., M.Si. and Drs. Djony Izak Rudyardjo, M.Sc., Biomedical 
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Technology, Airlangga University. 

ABSTRACT 

Tuberculosis (TBC) is one of the leading causes of death in the world. 
Apart from affecting the lungs, tuberculosis infection can also affect the spine. 
Spinal tuberculosis causes destruction of the spine and disruption of nerve 
function. The most effective treatment for spinal tuberculosis is surgery by 
removing the tuberculosis bacteria and then replacing the infected bone with a 
bone graft to promote bone healing in the patient. This study aims to combine 
pedicle screw 3D printing with Injectable bone substitute (IBS) paste. Pedicle 
screws made from PLA are printed using the 3D printing FDM method. IBS paste 
was synthesized by mixing gelatin, hydroxyapatite (HA), streptomycin and 
hydroxypropyl methylcellulose (HPMC). The morphological test results showed 
that the average pore size of the pedicle screw before injection of IBS paste was ± 
1.772 mm, after injection of IBS paste was ± 0.684 mm, and after being degraded 
it was ± 0.616 mm. The morphological test using SEM showed that the IBS paste 
successfully set and left micropores of  ± (2.381 - 219.248) µm. Degradation tests 
with time variations (8,16,24,32,64,72) hours showed that the IBS paste pedicle 
screw could be degraded, as evidenced by a decrease in the average mass of the 
pedicle screw from ± 0.778 gram to ± 0.7202 gram, an increase in pore size From 
± 1.7729 mm to ± 0.616 mm, and a decrease in the pH of the solution from 7.2 to 
6.7. The results of the FTIR test were able to identify the functional groups of 
each component of the IBS paste pedicle screw. HA was successfully identified 
from the XRD test by showing the highest peak at 31.6161° and an average 
crystal size of ± 21.910 nm. The drug release test results showed that IBS paste 
was able to control streptomycin release. The results of the cytotoxicity test 
showed that the samples were not toxic because the cell viability in most of the 
samples was above 70%. In addition, during the anti-TBC test, IBS paste was also 
proven to inhibit the growth of Mycobacterium tuberculosis. Thus, the 
combination of IBS paste pedicle screws made from gelatin, HA, streptomycin, 
and HPMC, has met the requirements as a drug as well as a fixation in cases of 
spinal tuberculosis. 
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