TRUONG DAI HOC

VAN LANG

Pao divc - Y chi - Sang tao

TUAN 9. VAT LIEU Y SINH

Mon: Vat liéu co sinh dién

PGS.TS Dang Van Nghin Email: nghin.dv@vlu.edu.vn



Oecular lenses: acrylates, silicone

Cramial: 316L 55, T4, acrylic, HA, TCP

Ear: HA, Al:Os, Ti, silicone

MMamallofacial reconstmoction: Al:Os, HA |

Dental: actylic, gold, 316L 55, Co-Cr-Mo, TCP. HA/PLA. Bioglass. Ti. Ti-ALY

Ti, Ti-Al-V, ALO;, HA, Bioglass *_ﬁp

Heart: Co-Cr-Mo, Ti-AL-V, pyrolytic
C.ePTFE, PET, PUR

Pacemaker: 3161 55, Pt, PUE,
silicone, PET

Degradable Sutures: copolymers of
PLA, PGA, PCL, PTMC, FDO

Spmal: Co-Cr-Mo, Ti, HA, UHMWPE

Load-bearing Orthopedic: AlaOs,
Zirconia, 316L 58, Ti, Ti-Al-V,
Co-Cr-Mo, UHMWPE

Prosthetic joints: 3161 55, Co-Cr-Mo,
Ti. Ti-Al-V_ silicone, UHMWEE,
acrylic

Blood vessels: ePTEE, PET

Tendon & Ligments: PLA/C

PLA = polylactide fiber, ePTFE, PET. UHMWPE

PGA= polyglycolide
PTMC=polytnmethylenecarbonate
PDO=poly(p-dioxanone)}

PUE. = polyurethane

ePTFE = expanded
polytetraflucroethylene
UHMWEE = ultrahigh mol. wt.
polyethylene

PET=polyethylene terephthalate
HA = hydroxyapatite

58 = stamless stesl

Bone Fixation: 3161 55, Co-Cr-Mo,
Ti Ti-Al-V, FLAHA , FLA. PGA




VAT LIEU Y SINH
Muc tiéu:

1. Binh nghia vat liéu sinh hoc

2. Ung dung vat liéu sinh hoc vao cg thé ngudi

3. Xac dinh va mo ta nguyén tac tuang thich sinh hoc

4. Giai thich céc’yé'u t0 gop phan vao hiéu suat cua vat li€u sinh
hoc trong co thé.



1. Binh nghia vat liéu sinh hoc

- M6t vat liéu nham giao tiép véi cac hé thdng sinh hoc dé
danh gia, diéu tri, tang cuong hoac thay thé bat ky mo, co
quan hoac chic nang nao cua ca thé (Williams, 1999).

- Bat ky chat nao (tr ma tuy) hoac su két hogp cua chat,
ngudn gbc tong hop hodc tu’ nhién, cd thé dugc st dung trong
bat ky khoang thdi gian nao, toan bo hoac nhu mot phan cua
hé thong xUr ly, tang cuGng hodc thay thé bat ky mo, cd quan
hodc chiic ndng nao cla ¢ thé




1. Binh nghia vat liéu sinh hoc

- Vat liéu sinh hoc la bat ky vat li€u nao, tu' nhién hoac
nhan tao, bao gom toan bo hoac mot phan cua cau truc
s6ng hodc thiét bi y sinh thuc hién, bd sung hodc thay thé
mot chuc nang tu' nhién "

- "MOt chat tro vé mat hé thong va dugc ly dugc thiet ké
dé cdy vao bén trong hodc két hgp vdi hé théng sdng”
(Ban cO van cua bai hoc Clemson vé Vat liéu sinh hoc)



2. Ung dung vt liéu sinh
vao cd thé ngusi

Ti-6Al4V alloy, Clip Crown, Bridge  5.cy-Ag alloy,

Co-Cralloy ﬂ % W AuC u-Ag-Pt-Pd alloy

Ti, Ti-6Al-4V alloy

Dental
implant J16L stainless steel,
Ti, 7 ! Ti-Ni alloy
Ti-6AL-4V alloy, B Stent
Ti-6A)-TNb alloy

Electrode: Pt-Ir alloy, Ti
Case: Ti, Ti-6A1-4V alloy

Pacemaker
Ti-6Al-4V alloy, |§
316L stainless steel, |®
Ti-6ALNballoy |
Ti-6Al-4V alloy,
Co-Cr alloy,

Bone plate 316L stainless steel

Artificial joint

Fie. 1. Metallic devices and metaliic blomatertals used for them.




LICH SU

- Hon 2000 nam trudc, nguoi La Ma,Vang cua nguoi Trung

Quoc va Aztec duoc sir dung trong nha khoa.

- Budc sang thé ky, cay ghép tong hop trd nén san co.

- 1937 Poly (metyl metacrylate) (PMMA) duoc gidi thiéu
trong nha khoa.

- Nam 1958, Rob goi ¥ rang Vai Dacron cé thé dugc st

dung dé ché tao bo phan gia dong mach.



LICH SU
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- 1960 Charnley st dung PMMA, polyethylend trong luong
siéu phan tir, va chat an mon khong gi dé thay thé toan bo
phan hong.

- Cudi ndm 1960 - dau nam 1970 linh vuc vat liéu sinh hoc
duoc cing co.

- 1975 Hi€p ho1 Vat lieu sinh hoc dugc thanh 1ap.



3. Hién trang cua linh vuc nay

- Ngay nay, vat liéu sinh hoc dai dién cho mot phan
dang ké cua nganh cong nghi€ép cham soc suUc
khoe, v3i quy mo thi truong udc tinh hon 9 ty dé
la moi nam & Hoa Ky.




3. Hién trang cua linh vuc nay

« Khu vuc tim mach:

Khoang 100.00 van tim thay thé suie gl
va 300.000 manh ghép mach |
dugc cay moi nam & Hoa Ky.

« Thay khép nhan tao:

Hon 500.000 ca thay khGp nhan
tao, chang han nhu khdp goi
hodc khGp hang, dugc cay ghép
hang nam & Hoa Ky.

Leaflets
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4, HuGng phat trién tucng lai

< Bat dau nhirng nam 1960-1970

« Thé& hé vat liéu sinh hoc dau tién dugc thiét k& dé tro,
hodc khéng phan (ng vdi cg thé

- Giam kha ndng phan (tng mién dich tiéu cuc vi md cay.

<» Nam 1990 cho dén nay

- Vat liéu dudc thiét k& dé co hoat tinh sinh hoc, tuang tac
tich cuc v6i ca thé dé thidc day qua trinh chira bénh tai

cho.
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4, HuGng phat trién tucng lai
- Phat trién vat liéu “thdng minh” cd thé gilp hudng dan
phan Ung sinh hoc trong khu vuc cay ghép.

- Thiét k& vat liéu tiém co thé dp dung tai cho va it dau

cho bénh nhan.

* BO vat liéu sinh hoc co cau tric nano mdi danh cho cac

vat thé & quy md nano lam chét gia cd.
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5. Ung dung cua vat liéu sinh hoc

- Vat liéu sinh hoc sé dugc su dung co the dugc xem xét tu
quan diém cda linh vuc van dé can giai quyét:

Van dé Vi du

Thay thé b phan bi bénh hodac | Khdp hang nhan tao, may loc than
hu hong

HO trg chita bénh Chi khau, tdm xudng va vit
Cai thién chiic nang May tao nhip tim, thau kinh noi nhan,

Oc tai dién tur
biéu chinh bat thudng chuic May tao nhip tim

nang
Khac phuc su’ ¢ my pham Pon nguc, nang mé mém, nang cam
HO trg chan dodn Pau do, 6ng théng

HO trg diéu tri Ong thong, cdng ranh
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5. Ung dung chia vat liéu sinh hoc

» Cac vat liéu sinh hoc s€ dugc su ' dung co thé dugc xem
xet tr quan diém cla cd quan can dugc thay thé hodc
cai thién:

Organ Heart

Tim May tao nhip tim, van tim nhan
tao, tim nhan tao toan phan

PhOi May tao oxy

Con mat Kinh ap trong, kinh n6i nhan

Tai Oc tai dién tir

Xuong Tam xuong, vit

Than May loc than

Bong dai Ong théng va stent
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6. Cac loai vat liéu sinh hoc

< Vat liéu sinh hoc dugc phan loai la:

« H{fu ¢ néu chura carbon

VO cd néu khong chura carbon.

< Cu thé hon, vat liéu sinh hoc thudc mot trong ba
vat liéu:

* Kim loai (vat liéu vo cg)

« GOm sU (vat lieu vo co)

* Polyme (vat liéu htu cg)
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Skin/cartilage
Drug Delivery / -

Devices Ocular implants

Bone

Orthopedic
replacements

screws/fixation

Heart

valves
BIOMATERIALS

Dental Implants Dental Implants

Biosensors
Implantable
Microelectrodes




6. Cac loai vat liéu sinh hoc

Vat liéu Uu diém Khuyét diém

Polymers

Nylon, ban hoi, Khong  bén, |Khau vét
Polyethylene, |D€ chétao |bién dang | thuang,
Silicone , theo thdi gian, | ghép mach,
Teflon, cO thé xubng|hdc héng,
Dacron, cap thau kinh noi
Acrylates, nhan

PGA, PLA

Metals )

Titanium and|Bén, dai, dé|C6 thé &n|Thay khdp,
its alloys , uodn mon, Cac tam
Co-Cr alloys, Pac, Xu'ang va vit,
stainless steel, Kho thuc hién | Cay ghép

Gold

chan rang




6. Cac loai vat liéu sinh hoc

Vvat liéu Uu diém Khuyét diém

Ceramics

Aluminum Rat tucng Gion, khong Cay ghép nha
oxide, Calcium |thich sinh dan hoi, kho | khoa, thay thé
phosphates, hoc, thuc hién dau xuong
Carbon Tro, dui,

Bén khi nén Boc rang va
cay ghép
chinh hinh

Composites
Carbon-carbon | Bén, it ci’ng | Kho thuc hién, |Cay ghép
Ceramic- haon kim loai, | YEu khi cang khdp

polymer

bén khi nén

Tram rang
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7. Hiéu suat cua vat liéu sinh hoc

Su thanh cdng cua vat liéu sinh hoc trong cg thé phu
thudc vao cac yéu to nhu:

*Thuoc tinh vat liéu

Thi€t k€ cua cay ghép

*Tinh tudng thich sinh hoc cua vat liéu
-K¥ thudt dudc sir dung bdi bac si phau thuét
*SUic khoe va tinh trang ciia bénh nhan

*Hoat dong cua bénh nhan
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8. Khai niém veé tinh tucng thich sinh hoc

- Binh nghia vé tinh tucng thich sinh hoc:

“Tinh tuong thich sinh hoc la kha nang vat li€u thuc
hién vai phan Ung thich hgp cua vat chu trong mot
Ung dung cu thé” (William 1987).
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8. Khai niém veé tinh tucng thich sinh hoc

Pbac tinh tucng thich sinh hoc:

- Tinh tudng thich sinh hoc lién quan dén viéc cac mo
xung quanh va toan bo ca thé dugc cay ghép nhan tao.

- Vat liéu tuang thich sinh hoc
+ Khong gay kich 'ng cac cau tric xung quanh

+ Khong gay ra phan Ung viém bat thuong

+ Khong kich ddng cac phan ('ng di (thg hodc mién
dich

+ Khong gay ung thu
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8. Khai niém veé tinh tucng thich sinh hoc

- Vat liéu tuaong thich sinh hoc cé cac dac tinh co hoc
thich hap.

- Vat liéu tuadng thich sinh hoc co dac tinh quang hoc
thich hgp (mat).

- Vat liéu tuong thich sinh hoc cd mat dé thich hap.
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9. Vi du vé Ung dung vat liéu sinh hoc
- Khép hang nhan tao

+ Can thiét vi khdp tu nhién bi mon.

+ Khdp hang thay thé dugc cay ghep ch
han 90 000 nguGi moi nam tai Hoa Ky.

+ Ché tao tu titan, gom su, composite
UHMWPE.

+ Sau 10-15 ndm, md cdy cd thé 1ong léc
yéu cau mot cuoc phau thuat khac.




Total Hip Joint Replacement

+ 50,000 hip replacements (arthroplasties) in Britain each year.
*  Hydroxyapatite porous coatings in orthopaedic prostheses: Bioactivity, Osteoconductivity.

*  Problem: Infections in orthobedic suraerv (10% of cases) o



9. Vi du vé Ung dung vat liéu sinh hoc

*Van tim nhan tao

Pudc ché tao tu carbon, kim loai, chat dan hoi, vai, van
tu nhién va mo6 da dugc xr ly trudc bang hoa chat.



9. Vi du vé Ung dung vat liéu sinh hoc

- Cho thay hoat dong tot ngay sau khi van dudc cay
nhung c6 mot so van dé:

+ Su thoai hda cua mo
+ LAi cd hoc
+ Nhiém triing hu phau

+ Cam ('ng vai mau



9. Vi du vé Ung dung vat liéu sinh hoc

- Thau kinh n6i nhan (I0OL)

nhién khi nd bi duc do hinh thanh
duc thay tinh thé.

+ Dudc ché tao tu poly (metyl
metacrylat), chat dan hoi silicone,
polyme acrylic mém hoac hydrogel.

+ Bién chung: IOL kich thich cac té
bao phat trién ra tu bao sau thuy
tinh thé — lam mad tam nhin.



- Ong kinh noi nhan (Intraocular Lenses)

+ Lam bang PMM, chat dan hoi silicone, va cac nguyén vat
liéu khac.

+ O d6 tudi 75, hon 50% dan so bi duc thuy tinh thé.

+ 1,4 triéu ca cay ghép ¢ Hoa Ky hang niam.

+ Thi luc tot thuong dugc phuc hoi gan nhu ngay 1ap tic

sau khi ong kinh dugc 1ap vao.
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- Ong kinh noi nhan (Intraocular Lenses)
+ Vat liéu co ban - PMMA (Acrylic) silicone
+Nhirng thach thirc- két hop kha niang twong thich sinh hoc

lau dai vai tinh chat quang hoc




o2 \y Ghép mach mau (Vascular Grafts)

+ Phai linh hoat.

+ Pugc thiét ké véi cau trdc
x0p mo.

+ Thuong duoc Co Thé
cong nhan nhu la Nguoi

Nudc Ngoal.




Ghep mach mau (Vascular Grafts)

+ Chat liéu co ban:
Polyurethane, Teflon
& Dacron

+ Thach thirc: duy tri
tinh twong thich co
hoc cua mau lau dai
(tranh dong mau ).




