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RINGKASAN

ALl OMAR ALAHMAD. Studi Biokompatibilitas Implan Logam Yang Dilapisi
Membran Elektrospun Polycaprolacton Dengan Bioaktif Estradiol Pada Domba
Garut. Dibimbing olehn DENI NOVIANA, GUNANTI, dan MOKHAMAD
FAKHRUL ULUM.

Keberhasilan implan ortopedi sangat dipengaruhi oleh biokompatibilitas dan
Kemampuan material dalam mendukung osseointegrasi pada fase awal
penyembuhan tulang. Modifikasi permukaan implan logam menggunakan
membran biodegradable yang dikombinasikan dengan molekul bioaktif merupakan
strategi  yang menjanjikan untuk meningkatkan respons biologis implan.
Polycaprolactone  (PCL) merupakan polimer biodegradable dengan
biokompatibilitas yang baik, sedangkan estradiol berperan dalam meningkatkan
aktivitas osteoblas dan menghambat resorpsi tulang. Penelitian ini bertujuan
mengevaluasi biokompatibilitas serta respons biologis awal implan logam yang
dilapisi membran electrospun PCL dan PCL-Estradiol (PCL-ES) pada model
domba Garut. Sebanyak delapan ekor domba Garut jantan sehat berumur 8 — 14
bulan digunakan dalam penelitian ini. Defek tulang dibuat pada kedua tibia dan
dibagi ke dalam empat kelompok perlakuan, yaitu Sham (defek tanpa implan), Bare
(implan logam tanpa pelapis), PCL (implan berlapis polycaprolactone), dan PCL-
ES (implan berlapis polycaprolactone—estradiol). Hewan diamati selama 56 hari
pascaimplantasi melalui evaluasi makroskopis penyembuhan luka, ultrasonografi,
radiografi kuantitatif berbasis nilai grayscale, analisis hematologi, dan pemeriksaan
biokimia serum. Hasil penelitian menunjukkan bahwa penyembuhan luka
berlangsung baik pada seluruh kelompok tanpa komplikasi, dengan penutupan luka
hampir sempurna pada hari ke-56. Ketebalan jaringan lunak, pembengkakan, serta
densitas radiografis antarmuka tulang—implan dipengaruhi secara signifikan oleh
kelompok perlakuan dan waktu pengamatan (p < 0,05). Kelompok PCL-ES
menunjukkan respons inflamasi lokal yang lebih rendah dan perkembangan
osseointegrasi yang lebih baik dibandingkan kelompok lainnya. Seluruh parameter
hematologi tetap berada dalam kisaran fisiologis normal tanpa menunjukkan
toksisitas sistemik, sedangkan analisis biokimia menunjukkan perubahan kadar
fosfor, kalsium, dan magnesium yang berkaitan dengan proses remodeling tulang.
Berdasarkan hasil penelitian dapat disimpulkan bahwa membran electrospun PCL—
Estradiol memiliki biokompatibilitas yang baik, mampu mempercepat
penyembuhan jaringan lunak, mengurangi respons inflamasi lokal, serta
meningkatkan osseointegrasi tanpa menimbulkan gangguan sistemik. Membran ini
berpotensi menjadi strategi modifikasi permukaan yang efektif untuk meningkatkan
Kinerja implan ortopedi biodegradable.

Kata kunci: biokompatibilitas, elektrospun, estradiol, implan logam,
osseointegrasi,



SUMMARY

ALI OMAR ALAHMAD. Biocompatibility Study of Metal Implants Coated with
Electrospun Polycaprolactone Membranes Containing Bioactive Estradiol in Garut
Sheep. Supervised by DENI NOVIANA, GUNANTI, and MOKHAMAD
FAKHRUL ULUM.

The success of orthopedic implants depends on their biocompatibility and
ability to support early bone healing and osseointegration. Surface modification of
metallic implants using biodegradable membranes functionalized with bioactive
molecules has emerged as a promising strategy to enhance implant performance.
Polycaprolactone (PCL) is a biodegradable polymer with excellent biocompatibility,
while estradiol promotes osteoblast activity and inhibits bone resorption. This study
evaluated the biocompatibility and early biological response of metallic implants
coated with electrospun PCL and estradiol-functionalized electrospun PCL (PCL-
ES) using a Garut sheep model. Eight healthy male Garut sheep (8-14 months old)
were assigned to four treatment groups: Sham (bone defect without implant), Bare
(uncoated metallic implant), PCL (PCL-coated implant), and PCL-ES (PCL-
estradiol-coated implant). Circular bone defects were surgically created in both
tibiae, and the animals were monitored for 56 days. Evaluations included
macroscopic wound healing, ultrasonography, quantitative grayscale-based
radiography, hematological analysis, and serum biochemical assessment. All
groups exhibited satisfactory wound healing without infection, dehiscence, or
exudate, with nearly complete wound closure by Day 56. Soft tissue thickness was
significantly affected by implant type and observation time (both p < 0.001), while
the PCL and particularly the PCL-ES groups showed reduced local inflammatory
responses compared with the Sham group. Ultrasonography demonstrated
significant effects of time (p < 0.001), treatment group (p = 0.017), and their
interaction (p = 0.021) on peri-implant soft tissue swelling. Radiographic analysis
revealed significant differences in bone—implant interface density among treatment
groups (p < 0.001) with a significant group x time interaction (p = 0.012). Implant
radiographic density was also significantly influenced by treatment group (p <
0.001) and group x time interaction (p = 0.004). The PCL-ES group exhibited
radiographic findings consistent with enhanced bone healing. Hematological
parameters remained within normal physiological ranges throughout the study,
indicating the absence of systemic toxicity. Serum phosphorus levels were affected
by observation time, whereas calcium and magnesium levels were significantly
influenced by implant type and were associated with bone remodeling. In
conclusion, estradiol-functionalized electrospun PCL membranes demonstrated
excellent biocompatibility, promoted soft tissue healing, reduced local
inflammatory responses, and enhanced bone healing without inducing systemic
adverse effects. These findings suggest that electrospun PCL—Estradiol membranes
are a promising surface modification strategy for improving the performance of
biodegradable orthopedic implants.

Keywords: biocompatibility, electrospinning, estradiol, metallic implant,
osseointegration, polycaprolactone
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