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Abstract
0HGLFDO� LPSODQWV� KDYH� UHYROXWLRQL]HG� WKH� ODQGVFDSH� RI� KHDOWKFDUH�� RႇHULQJ� LQQRYDWLYH� VROXWLRQV� IRU� GLDJQRVLQJ��

PRQLWRULQJ��DQG�WUHDWLQJ�YDULRXV�PHGLFDO�FRQGLWLRQV��7KHVH�GHYLFHV��UDQJLQJ�IURP�VLPSOH�FDWKHWHUV�WR�FRPSOH[�DUWL¿FLDO�
RUJDQV��KDYH�VLJQL¿FDQWO\� LPSURYHG�SDWLHQWV¶�TXDOLW\�RI� OLIH�DQG�H[SDQGHG�WKH�SRVVLELOLWLHV�RI�PRGHUQ�PHGLFLQH��7KLV�
FRPSUHKHQVLYH�UHYLHZ�GHOYHV� LQWR�WKH�UHDOP�RI�PHGLFDO� LPSODQWV��HQFRPSDVVLQJ�WKHLU� W\SHV��PDWHULDOV��DSSOLFDWLRQV��
FKDOOHQJHV��DQG� IXWXUH�SURVSHFWV��0HGLFDO� LPSODQWV�HQFRPSDVV�D�GLYHUVH�DUUD\�RI�GHYLFHV�GHVLJQHG�WR� LQWHUDFW�ZLWK�
WKH�KXPDQ�ERG\��HLWKHU� WHPSRUDULO\�RU�SHUPDQHQWO\��7KH\�DUH�HPSOR\HG� LQ�QXPHURXV�PHGLFDO� VSHFLDOWLHV�� LQFOXGLQJ�
FDUGLRORJ\��RUWKRSHGLFV��QHXURORJ\��DQG�GHQWLVWU\��DPRQJ�RWKHUV��7KHVH�LPSODQWV�VHUYH�D�P\ULDG�RI�IXQFWLRQV��VXFK�DV�
UHVWRULQJ� ORVW� IXQFWLRQ�� PRQLWRULQJ� SK\VLRORJLFDO� SDUDPHWHUV�� GHOLYHULQJ� WKHUDSHXWLF� DJHQWV�� DQG� SURYLGLQJ� VWUXFWXUDO�
VXSSRUW��7KH�FKRLFH�RI�PDWHULDOV�IRU�PHGLFDO�LPSODQWV�LV�D�FULWLFDO�FRQVLGHUDWLRQ��DV�LW�GLUHFWO\�LPSDFWV�ELRFRPSDWLELOLW\��
PHFKDQLFDO� SURSHUWLHV�� DQG� ORQJ�WHUP� SHUIRUPDQFH�� 0DWHULDOV� VXFK� DV� WLWDQLXP�� VWDLQOHVV� VWHHO�� DQG� ELRGHJUDGDEOH�
SRO\PHUV�KDYH�IRXQG�ZLGHVSUHDG�XVH�GXH�WR�WKHLU�IDYRUDEOH�FKDUDFWHULVWLFV��7KH�GHYHORSPHQW�RI�DGYDQFHG�PDWHULDOV��
LQFOXGLQJ�ELRFRPSDWLEOH�FHUDPLFV�DQG�VPDUW�SRO\PHUV��FRQWLQXHV�WR�HQKDQFH�LPSODQW�SHUIRUPDQFH�DQG�VDIHW\��/RRNLQJ�
DKHDG�� WKH� IXWXUH� RI� PHGLFDO� LPSODQWV� KROGV� JUHDW� SURPLVH��$GYDQFHPHQWV� LQ� ELRWHFKQRORJ\�� QDQRWHFKQRORJ\�� DQG�
�'� SULQWLQJ� DUH� SRLVHG� WR� UHYROXWLRQL]H� LPSODQW� GHVLJQ� DQG� FXVWRPL]DWLRQ�� )XUWKHUPRUH�� WKH� LQWHJUDWLRQ� RI� DUWL¿FLDO�
LQWHOOLJHQFH� �$,��DQG�PDFKLQH� OHDUQLQJ�SURPLVHV� WR�HQKDQFH� LPSODQW�SHUIRUPDQFH��HQDEOH� UHDO�WLPH�PRQLWRULQJ��DQG�
IDFLOLWDWH�SUHGLFWLYH�PDLQWHQDQFH�

0HGLFDO� LPSODQWV� KDYH� WUDQVIRUPHG� KHDOWKFDUH� E\� RႇHULQJ� LQQRYDWLYH� VROXWLRQV� IRU� D� ZLGH� UDQJH� RI� PHGLFDO�
FRQGLWLRQV��7KHLU�FRQWLQXHG�GHYHORSPHQW�DQG� LQWHJUDWLRQ�ZLWK�FXWWLQJ�HGJH� WHFKQRORJLHV�KROG� WKH�SRWHQWLDO� WR� IXUWKHU�
LPSURYH�SDWLHQW�RXWFRPHV�DQG�XVKHU�LQ�D�QHZ�HUD�RI�SHUVRQDOL]HG�PHGLFLQH�
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innovation paved the way for the use of synthetic materials in medical 
implants, opening up new possibilities for design and functionality. 
Over time, advances in materials, such as titanium, biocompatible 
ceramics, and polymers, have greatly improved the durability and 
compatibility of implants [8].

Types of medical implants

Medical implants encompass a wide range of devices, each designed 
to address specific medical needs. Here are some common types of 
medical implants:

Orthopedic implants: These include joint replacements (e.g., hip 
and knee replacements), bone plates, screws, and spinal implants used 
to treat musculoskeletal disorders and injuries [9].

Cardiovascular implants: Devices like pacemakers, defibrillators, 
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