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Penulis menyadari bahwa penulisan ini masih banyak kekurangan. Penulis 

menyampaikan permintaan maaf dan mohon kritik saran yang membangun demi 

perkembangan ilmu pengetahuan. Akhir kata, semoga Tesis ini dapat bermanfaat 
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Penulis 
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RINGKASAN 

 

 Osteomyelitis merupakan suatu infeksi pada tulang yang diakibatkan oleh 

aktivitas bakteri Staphylococcus aureus (S. aureus). Bakteri tersebut membentuk 

biofilm yang cukup tebal juga bersembunyi bersama osteosit, sehingga tidak 

mudah dibunuh oleh antibiotik biasa. Sejumlah penanganan antibiotik lanjutan 

pada kasus osteomyelitis memerlukan waktu yang panjang, yaitu selama 4-6 

minggu secara parenteral (induksi) dan dilanjutkan 2-3 bulan per oral 

(konsolidasi). Hal ini banyak menyebabkan berbagai permasalahan, terutama 

dalam hal kepatuhan pengobatan dan resistensi, serta kekambuhan. Oleh sebab 

itu, diperlukan jenis terapi lain yang mampu mengatasi osteomyelitis dengan efek 

samping yang minimal, salah satu contohnya adalah penggunaan ion perak. Perak 

dapat memicu diferensiasi osteoblast dan menghambat proliferasi osteoklas, serta 

mempercepat proses remodeling pada tulang, dimana seluruh proses yang terjadi 

melibatkan beberapa sel dan marker osteogenesis, seperti Osteoklas, Osteoblas, 

Makrofag, aktivitas apoptosis sel osteosit, Vascular endothelial Growth Factor 

(VEGF), Runt-related transcription factor 2 (RUNX2), Osteocalcin (OCN), dan 

Receptor activator of nuclear factor kappa-�������	�(RANKL). Pada pengukuran 

konsentrasi hambat minimum (KHM) dan konsentrasi bunuh minimum (KBM), 

ion perak memiliki aktivitas antimikroba tertentu tanpa disertai sitotoksisitas 

dengan nilai KHM sebesar 10
-6

 - 10
-7

 �
���
�$�
�������
%�&'
(�"
������	
	��


perak inilah yang harus diteliti lebih lanjut, terutama jika dilakukan pemberian ion 

perak secara sistemik untuk mengatasi infeksi bakteri S. aureus pada kasus 

osteomyelitis. 
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Tujuan Penelitian ini adalah untuk membuktikan bahwa pemberian terapi 

ion perak secara sistemik selama tiga, tujuh dan empat belas hari, memberikan 

pengaruh pada penyembuhan defek osteomyelitis pada mandibula, dengan 

menganalisis jumlah makrofag, apoptosis osteosit, ekpresi RANKL, osteoklas, 

ekspresi VEGF, ekspresi RUNX2, ekspresi osteocalcin, osteoblast. 

 Penelitian pemberian ion perak secara sistemik pada tikus yang mengalami 

osteomyelitis ini memiliki beberapa hipotesis berupa perbedaan jumlah atau 

ekspresi makrofag, apoptosis osteosit, RANKL, osteoklas, VEGF, RUNX2, 

osteocalcin, dan osteoblas sebelum dan sesudah diberikan ion perak. Penelitian ini 

dirancang dengan metode post-test only with control group design, dimana 

terdapat kelompok perlakuan yang diinduksi dengan ion perak dan kelompok 

kontrol yang diberikan pengobatan berupa klindamisin. Tikus-tikus dipelihara dan 

diinduksi dengan S. aureus hingga menunjukkan tanda-tanda klinis osteomyelitis, 

seperti adanya hiperemi sampai sequester. Pada hari ke-14, tikus-tikus diberikan 

pengobatan sesuai dengan kelompoknya dan pada hari ke-17, terminasi dimulai 

hingga hari ke-28. Proses penelitian dilanjutkan dengan proses pembuatan sampel 

penelitian dan pengamatan dengan mikroskop untuk mengetahui jumlah sel 

makrofag, osteoklas, osteoblast, apoptosis osteosit, dan ekspresi RANKL, VEGF, 

RUNX2, dan Osteocalcin. Setelah data penelitian didapatkan, penelitian 

dilanjutkan dengan analisis statistik dengan uji normalitas menggunakan One 

Sample Kolmogorov Smirnov dan Probability Plot, uji homogenitas menggunakan 

Levene test, uji komparasi dengan multivariate anova (Manova) jika data 

terdistribusi normal dan dengan Friedman test jika tidak terdistribusi normal, 
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mengidentifikasi hubungan kausalistik dengan uji Spearman serta mengetahui 

pengaruh perlakuan dengan uji Regresi Linear. 

 Pada hasil penelitian, uji normalitas menunjukkan bahwa data terdistribusi 

normal dan data memenuhi persyaratan homogenitas menurut 
�����
�� ����. 

Analisis data selanjutnya, yaitu uji multicollinearity dan uji linearitas menyatakan 

bahwa persyaratan Uji Manova terpenuhi dan hasilnya menyatakan bahwa 

terdapat hasil yang berbeda secara signifikan (p<0.05), baik berdasarkan 

kelompok perlakuan maupun waktu perlakuan di semua marker. Pemberian air 

ion perak meningkatkan jumlah RUNX2, osteoblas dan ekspresi osteocalcin yang 

mengarah pada pembentukan tulang baru sehingga remodeling tercapai. Selain 

itu, ion perak juga meningkatkan vaskularisasi melalui peningkatan ekspresi 

VEGF. Peningkatan proliferasi dan diferensiasi osteogenik menjadi proteoblas 

terjadi setelah pemberian ion perak secara sistemik melalui peningkatan RUNX2. 

Sel osteosit yang mengalami apoptosis juga menurun jumlahnya, sehingga 

mempengaruhi ekspresi RANKL dan jumlah osteoklas. Osteoklas, pada penelitian 

ini, masih meningkat jumlahnya hingga hari ke-28. Secara keseluruhan, ion perak 

memberikan gambaran positif pada homeostasis tulang terhadap terapi sistemik 

osteomyelitis.  

Kesimpulan dari penelitian ini adalah terapi ion perak secara sistemik 

memberikan efek positif terhadap penyembuhan defek osteomyelitis tulang 

mandibula dimana proses osteoklastogenesis tampak lebih tinggi pada 

penggunaan ion perak pada ketiga hari pengamatan dan pada proses 

osteoblastogenesis tampak lebih unggul pada hari ke-17 dan 21 yang diamati 
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melalui marker makrofag, apoptosis osteosit, RANKL, osteoklas, VEGF, RUNX 

2, osteocalcin, dan osteoblas. 
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SUMMARY 

Osteomyelitis is bone infection caused by the activity of Staphylococcus 

aureus (S. aureus). These bacteria form a thick biofilm which is not easily disrupt 

by antibiotics. Several of antibiotic treatments in cases of osteomyelitis require a 

long time administration, for 4-6 weeks parenterally (induction) and continued for 

2-3 months orally (consolidation). This causes many problems, especially in terms 

of medication adherence and antibiotic resistance, as well as recurrence. 

Therefore, another option of therapy are needed which are able to treat 

osteomyelitis in minimal side effects, one example is the use of silver ions. Silver 

may trigger osteoblast differentiation and inhibit osteoclast proliferation, as well 

as accelerate the remodelling process in bone, where the entire process that 

occurs involves several cells and osteogenesis markers, such as osteoclasts, 

osteoblasts, macrophages, apoptotic activity of osteocyte cells, Vascular 

Endothelial Growth Factor (VEGF), Runt -related transcription factor 2 

(RUNX2), Osteocalcin (OCN), and Receptor activator of nuclear factor kappa-��

ligand (RANKL). In the measurement of the minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration (MBC), silver ion has a certain 

antimicrobial activity without cytotoxicity with MIC values of 10-6 - 10-7 M and 

MBC of 0.25 µM. This potential of silver ions should be investigated further, 

especially if silver ions are administered systemically to treat S. aureus infection 

in cases of osteomyelitis. 

This study of systemic administration of silver ions in mice with 

osteomyelitis has several hypotheses in the form of differences in the number or 

expression of macrophages, apoptosis of osteocyte, RANKL, osteoclasts, VEGF, 
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RUNX2, osteocalcin, and osteoblasts before and after administration of silver 

ions. This study was designed using a post-test only control group design, in 

which there was a treatment group induced with silver ion and a control group 

treated with clindamycin. The rats were induced with S. aureus to show clinical 

signs of osteomyelitis, such as hyperemia to sequestration. On the 14th day, the 

rats were given treatment according to the group and on the 17th day, termination 

was started until the 28th day. Then, continued to the process of sampling and 

observing with a microscope to determine the number of macrophages, 

osteoclasts, osteoblasts, apoptosis of osteocyte, also the expression of RANKL, 

VEGF, RUNX2, and Osteocalcin. After the data was obtained, continued with 

statistical analysis with normality test using One Sample Kolmogorov Smirnov 

and Probability Plot, homogeneity test using Levene test, comparison test with 

multivariate ANOVA (Manova) if the data was normally distributed or analyzed 

with Friedman test if the data was not normally distributed, identifying causal 

relationship with Spearman test and determine the effect of treatment with Linear 

Regression test. 

In the results of the study, the normality test showed that the data were 

normally distributed and the data was homogene according to Levene's test. 

Subsequent data analysis, namely the multicollinearity test and linearity test 

stated that the Manova test requirements were met and the results stated that 

there were significantly different results (p<0.05), both based on the treatment 

group and treatment time in all markers. Administration of silver ion water 

increases the number of RUNX2, osteoblasts and osteocalcin expression which 

leads to the formation of new bone formation so that remodelling is achieved. In 
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addition, silver ions also increase vascularity through increased VEGF 

expression. An increase in osteogenic proliferation and differentiation into 

proteoblasts occurs after systemic administration of silver ions via an increase in 

RUNX2. The number of osteocytes undergoing apoptosis also decreased, thus 

affecting the expression of RANKL and the number of osteoclasts. Osteoclasts, in 

this study, still increased in number until day 28. Overall, silver ions present a 

positive picture on bone homeostasis to systemic therapy of osteomyelitis. 

The conclusion of this study is that systemic silver ion therapy has a 

positive effect on mandibular bone osteomyelitis defects healing in which the 

osteoclastogenesis process appears to be higher with silver ions administration 

on the three days of observation, and the osteoblastogenesis process appears to 

be higher on the 17th and 21st days of observation through the markers such as 

macrophage, apoptosis of osteocyte, RANKL, osteoclasts, VEGF, RUNX 2, 

osteocalcin, and osteoblasts.  
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ABSTRACT 

Background: Osteomyelitis is an infection of the bones which is mostly caused by 
the activity of Staphylococcus aureus. This infection causes the process of 
osteoclastogenesis and osteoblastogenesis that involves several markers such as 
macrophages, VEGF, RUNX2, osteocalcin, osteoblasts, RANKL, osteoclasts, and 
osteocyte apoptosis. Oral or systemic therapy is a practical therapy for the 
osteomyelitis treatment. Silver ions are known to have a role in the management 
of osteomyelitis Purpose: To analyze the number of macrophages, osteoblasts, 
osteoclasts, and osteocyte apoptosis, as well as the expression of VEGF, RUNX2, 
osteocalcin and RANKL on days 17, 21, and 28 after being given silver ions in 
rats with osteomyelitis. Methods: Rats were divided into 4 groups, namely the 
group without S. aureus inoculation, the group inoculated with S. aureus, the 
group inoculated with S. aureus and treated with clindamycin, and the group 
inoculated with S. aureus and treated with silver ion. The observed data were then 
analyzed using the Manova and LSD Test. Results: Systemic silver ion therapy 
was able to increase the number of macrophages and osteoblasts, as well as the 
expression of VEGF, RUNX2, and osteocalcin. In addition, silver ions were also 
able to reduce the number of osteoclasts and osteocyte apoptosis, and the 
expression of RANKL. Conclusion: Silver ion exerts a positive effect on bone 
homeostasis against osteomyelitis defect in the mandible of rats induced with S. 
aureus. 

Keywords: Osteomyelitis, silver ion, systemic therapy, healing of infected bone, 
Staphylococcus aureus 
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