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Tom tat

Sy phat trién cua cong nghé in 3D da cach mang hoa linh vuc k¥ thuat mé xwong, mang lai do chinh xac va kha nang
tuy chinh chua timg c6 trong viéc tao ra cac khung mé. Hydroxyapatite (HA), mot vét liéu sinh hoc ¢6 cAu trac gan gidng
v6i thanh phin khoang cua xuong nguoi, da tro thanh vat liéu chu chét trong viée ché tao khung do c6 tinh tuong thich
sinh hoc va kha ning dan xuong tuyét voi. Bai mini-review nay kham pha viéc img dung céc vat liéu trén co so HA trong
in khung 3D phuc vu tai tao xuong, nhin manh tiém nang ctia chiing trong viéc cai thién qua trinh lanh xwong. Noi dung
bao gém cac tién bo trong cong nghé in 3D, sy két hop ctia HA véi cac vat liéu polyme va kim loai, cung vdi cac ing
dung 14m sang ciia cac khung mo nay trong tai tao mé xwong. Ngoai ra, cac thach thirc lién quan dén d6 bén co hoc, kha
nang in va tinh 6n dinh l4u dai cling dugc thao ludn, cung vdi cac dinh hudng nghién ctru twong lai nhim khac phuc
nhitng han ché nay.

Tir khéa: Hydroxyapatite; in 3D; tai tao xwong; khung md; k¥ thuat mo; twong thich sinh hoc; dan xwong.

Abstract

The development of 3D printing technology has revolutionized the field of bone tissue engineering, offering
unprecedented precision and customization in scaffold fabrication. Hydroxyapatite (HA), a biomaterial that closely
resembles the mineral component of human bone, has emerged as a key material for scaffold construction due to its
excellent biocompatibility and osteoconductive properties. This mini-review explores the application of HA-based
materials in 3D scaffold printing for bone regeneration, highlighting their potential to enhance bone healing processes.
The discussion includes advancements in 3D printing technologies, the integration of HA with various polymeric and
metallic materials, and the clinical applications of these scaffolds in bone tissue regeneration. Additionally, the challenges
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related to mechanical strength, printability, and long-term stability are addressed, along with future research directions

aimed at overcoming these limitations.

Keywords: Hydroxyapatite; 3D printing; bone regeneration; scaffold; tissue engineering; biocompatibility;

osteoconductivity.

1. Giéi thi¢u

Trong nhimg nim gan day, ky thuat tai tao
xuong da dat dugc nhitng budc tién vuot bac nho
sur Két hop gitra vat li€u sinh hoc tién tién va cong
nghé in 3D. Xuong 1a mdt md c6 kha nang tu lanh
nhung trong cac truong hop ton thuong nghiém
trong, nhu gdy xuong phiic tap hodc mat xuwong
dién rong do bénh 1y, viée st dung cac vat liéu cdy
ghép nhan tao dé hd trg qua trinh tai tao tré nén
can thiét. Mot trong nhimg vét lidu duoc sir dung
pho bién trong linh vyc nay 1a HA, mot khoang
chit c6 cdu triic twong tu véi thanh phan vo co ctia
xuong tu nhién. Vi kha nang tuong thich sinh hoc
cao va tinh chat dan xuong vuot troi, HA da chimg
to tiém nang to 16n trong viée ché tao cac khung
mo (scaffold) phuc vu tai tao xuong [1,2].

Su ra doi cua cong ngh¢ in 3D dd mé ra mot
ky nguyén méi cho viéc ché tao cac khung mo tai
tao xuong v6i kha ning tiy chinh cao vé hinh
dang, kich thudc, va cAu trac vi md. Khac véi cac
phuong phép ché tao truyén théng, cong nghé in
3D cho phép tao ra cac khung mé véi d6 chinh
xéc cao, phit hop véi ciu trac giai phdu cua timg
bénh nhan. Piéu nay dac bi¢t quan trong trong tai
tao xuong, noi doi hoi sy lién két chat chd gitra
vat liéu cdy ghép va mé tu nhién [3].

HA da duoc ap dung thanh cong trong nhidu
g dung y hoc nhd kha nang lién két tot véi mo
xuong, tao diéu kién thuan loi cho qué trinh
khoadng hoéa va hinh thanh xuong md&i. Tuy
nhién, HA thuin tuy c6 han ché vé& do bén co
hoc, diéu nay doi hoi sy két hop véi cac vat liéu
khac, chéng han nhu polyme sinh hoc hoac kim
loai, dé nang cao tinh chét co hoc va kha nang
in. Cac nghién ctru gan day da chi ra rang, su két
hop gitta HA va cac vat li¢u phu gia trong cong
nghé in 3D c6 thé tao ra cac khung md c6 kha
nang tai tao mé xwong hiéu qua, dap tng yéu cau

lam sang trong diéu tri cac ca ton thuong xwong
phurc tap [4].

Trong bai mini-review nay, chung toi s€ xem
xét cac tién bo trong viéc ing dung HA trong
cong nghé in 3D dé ché tao khung tai tao xuwong.
Chung toi s& tap trung vao cac uu diém, thach
thie, va trién vong tuong lai cua loai vat li¢u
nay, ciing nhu nhimg van dé can giai quyét dé
hién thuc hoa tiém ning ctia HA trong linh vuc
tai tao xuong.

2. Hydroxyapatite trong tii tao xwong

K¥ thuat mé xuong 1a mét linh vuc nghién
ctru da nganh nham myc dich sira chira hodc thay
thé cac mo ban dia bj hu hong. Mic du xwong c6
kha nang tu chita lanh, nhung c6 mdt s6 loai
chan thuong nhét dinh, duoc goi la ton thuong
nghiém trong, khong thé sira chita néu khong c6
su hd tro hodc diéu tri tir bén ngoai. Khi tudi tho
trung binh ciia con nguoi tang 1én va ty 1& chan
thuong va bénh tat nhu loing xwong ting 1én, s6
lugng gay xuong khong lanh ciing tang 1€n. Ky
thuat mo xuong da ndi 1én nhu mot phuong phap
tiép can dy hira hen dé giai quyét cac khiém
khuyét nghiém trong ctia xwong bang cach phat
trién cac chat thay thé xuong sinh hoc [5].

HA 14 mot dang tinh thé ctia canxi phosphate
c6 cong thure hoa hoc 1a Caio(PO4)s(OH)2, va la
thanh phan khoang chinh ctia xwong va ring tu
nhién trong co thé nguoi. Cau trac tinh thé cta
HA twong dong v6i phan vo co ctia xuong, lam
cho no tr¢ thanh vat licu 1y tuong cho céac tng
dung ciy ghép y hoc, dic biét 1a trong linh vuc
tai tao xuong. CAu tric nay giup HA c¢6 kha nang
tao lién két chit chd véi mod xuwong tu nhién
thong qua qua trinh khodng hoéa, trong dé céc ion
canxi va phosphate cia HA tuong tdc vi moi
truong sinh hoc dé kich thich sy hinh thanh
xuong mai [6].
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Qua trinh tai tao xuong duoc thic diy nho
kha nang kich thich su khoang hoa va tuong tac
v6i cac té bao xwong. HA c6 thé tao diéu kién
thuan loi cho cac t& bao osteoblast bam vao
scaffold va san xuat chat nén xuong méi. Trong
qué trinh nay, HA cung cdp cac ion canxi va
phosphate, hai thanh phan thiét yéu cho viéc
hinh thanh va khoang hoa mé xuong. Khi té bao
osteoblast di chuyén va hoat dong trén bé mat
scaffold, chung tiét ra collagen va cac protein
khéc, tao thanh khung hiru co cho xuong. Cac
ion tir HA s& két hop véi collagen nay, hinh
thanh céc tinh thé canxi phosphate, tir d6 cu trac
xuong méi dan dugc khoang hoa va hinh thanh.

Khung HA sau d6 dan bi phan huy khi mé xwong
m&i phat trién va hoan thién [7].

Mot trong nhirng dic diém ndi bat cua HA 13
tuong thich sinh hoc cao, nghia 1a HA khong gay
ra phan ing mién dich khi duoc cdy ghép vao co
thé. Bén canh d6, HA c6 kha ning din xuong
(osteoconductive), gitp xwong mdi phat trién
trén bé mat vat liéu, hd trg qua trinh hdi phuc va
tai tao mod xuwong tai ving tén thuong. Cac dic
tinh nay giap HA trd thanh vat lidu chu chét
trong viéc ché tao khung mo tai tao xwong, khi
can thay thé hodc hd tro cac md xuong bi ton
thwong. Céu tric va cc tmg dung phd bién cua
HA duoc tom lugce trong Hinh 1.
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Mic di HA s hitu nhiéu uu diém ndi bat vé
tinh tuwong thich sinh hoc va kha ning dan
xuong, tuy nhién, cac déc tinh co hoc ciia HA lai
bi han ché boi do gion va dé v, didu nay khién
HA khong thé chiu dugc céac luc co hoc 16n. Do
d6, viéc két hop HA véi cac vt liéu khac nhim
tao ra cac vat liéu tong hop co tinh chét co hoc
tdt hon ma van duy tri cac dac tinh sinh hoc cua
HA dang tré thanh mdt xu hudng nghién ctru
tiém nang [9]. Mot trong nhiing giai phap nodi bat
hién nay 13 st dung HA 1am thanh phan chinh
trong khung mé (scaffolds), mot cau tric duoc
thiét ké dé cung cdp nén tang cho su phét trién
ciia m6 méi. Scaffolds trong k¥ thuat moé dong
vai tro nhu mot bo khung tam thoi, khong chi hd
trg cdu trac ma con dinh hudng va tao diéu kién
cho céc té bao xuong phat trién va tai tao. Dé dat
dugc hiéu qua nay, scaffold can c6 cac dic diém
co ban nhu kha nang tham hut tét, gitip cac chat
dinh dudng va té bao di chuyén vao bén trong
scaffold, cling nhu kha nang phan huy sinh hoc
dé tir tir tiéu bién trong khi mé xuong moi dan
hinh thanh [10].

Trong tai tao xuong, cac scaffolds lam tr HA
hodc composite HA da dugc chirng minh 1a cé
tiém nang 16n, khong chi béi kha ning dan
xuong, ma con boi su twong doéng vé ciu tric
giita HA va thanh phan khoang ciia xuong tu
nhién. Céc nghién ctru da chi ra rang, khi HA
dugc su dung trong scaffolds, né co6 thé tao diéu
kién thuan lgi cho vi¢c tai tao md xuong thong
qua viéc cung cdp mot nén tang vimg chic cho
céc té bao xwong bam vao va phat trién [7].

3. Ung dung ciia in 3D trong tdi tao xwong

Cong nghé¢ in 3D da tr¢ thanh cong cu tién
phong trong viéc ché tao cac scaffold cho k¥
thuat mé xwong, gitip ci thién kha ning diéu tri
cac ton thuong xuong nghiém trong va khé phuc
hdi. K§ thuat nay cho phép cac nha khoa hoc va
ky su mo phong chinh xac ciu triic xwong tu
nhién nho vao kha ning tao ra cac ciu tric phtic
tap voi do chinh xac cao. Piéu nay dac biét quan

trong khi ung dung HA, mdt vat li¢u co tinh
twong thich sinh hoc cao va kha ning dan xuong
xuét sic, dé hd tro sy hinh thanh va tai tao mo
xuong [11].

Quy trinh in 3D su dung céc 16p vat li€u sinh
hoc duge xép chong chinh xéc thong qua cong
nghé diéu khién bang may tinh (CAD/CAM), c6
thé thuc hién v6i hodc khong c6 sy hién dién caa
té bao sdng trong vat liéu in. Cac budc co ban
clia quy trinh bao gém: giai doan chudn bi, giai
doan in va giai doan hau xu ly. Trong d6, giai
doan chuan bj bao gdm viéc thiét ké scaffold dua
trén hinh 4nh y hoc nhu CT hodc MRI, cung véi
viéc lya chon cac vt liéu sinh hoc phu hgp. Giai
doan hau xir Iy thuong bao gdm qua trinh truong
thanh mo trong 10 phan tng sinh hoc hoidc cdy
ghép md in vitro va in vivo trén dong vat thu
nghiém [12].

Hién nay, c¢6 bon k¥ thuat in 3D phd bién
duoc ap dung trong qua trinh ché tao scaffold tir
HA, bao gom: in phun muc (inkjet-based 3D
printing), stereolithography, in ¢ép dun
(extrusion-based 3D printing) va in laser (laser-
based 3D printing) [11].

o In phun myc: Ky thudt nay hoat dong dua
trén viéc phun cac giot muc sinh hoc chira cac
vat liéu nhu HA 1én tung 16p méng, tao thanh
scaffold. Mot trong nhitng wu diém cta phuong
phap nay 14 kha ning tich hop céc té bao song
tryc tiép vao qua trinh in, gitp scaffold sin sang
cho viéc ghép vao co thé hoidc trong méi trudng
sinh hoc in vitro.

e In laser: K¥ thut nay sir dung tia laser dé
d6t chay hodc lam dong két cac 16p vat lidu chira
HA, tao thanh scaffold c6 do phan giai cao va
kha ning kiém soat tot hon d6i véi kich thude va
hinh dang 18 x6p. Phuong phap nay dic biét
thich hop cho viéc san xuét céac scaffold co do
cung co hoc cao va chinh xéc vé mit cau trac.

e In ép dun: Pay 1a phuong phap phd bién
nhét cho viéc ché tao scaffold HA vi tinh linh
hoat va kha nang san xuit scaffold c6 kich thudc
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va hinh dang phtc tap. Qua trinh nay lién quan
dén viéc dun céc vat liéu sinh hoc qua mot dau
phun dé tao thanh cac 16p chong 1én nhau, tao ra
mot scaffold hoan chinh. Vat liéu HA ¢o6 thé
duoc két hop véi cac polyme sinh hoc nhu PVA
hodc chitosan dé cai thién do bén co hoc va kha
nang phan huy sinh hoc.

e Stereolithography: Phuong phap nay sur
dung 4nh sang tia cuc tim dé dong két timg 16p
vat liéu long chua HA, tao thanh scaffold ba
chiéu véi do chinh xac cao vé mit ciu trac va
kich thuéc 15. Piéu nay gitp scaffold dat duoc
do chi tiét cuc cao va mo phdng chinh xac cac
cAu tric phirc tap clia xuong.

Mot trong nhitng wu diém 16n nhat cua cong
ngh¢ in 3D Ia kha nang tuy chinh scaffold theo
yéu cau cu thé cua timg bénh nhan. Thong qua
céc cong cu d6 hoa may tinh va hinh anh y khoa,
cac scaffold c6 thé dugce thiét ké véi kich thude
va hinh dang chinh x4c dé phi hop véi cac ton
thuong xuong riéng biét. Viéc st dung HA trong
quy trinh in 3D khong chi gitip tdng cuong tinh
tuong thich sinh hoc ma con t6i wu héa kha ning
dan xuong, gitp scaffold c6 thé hd tro sy phat
trién ctia xuong moi trén bé mat vat liéu. Ngoai
ra, viéc ung dung cong ngh¢ in 3D-HA con gilp
giam thiéu thoi gian phuc hoi sau phau thuat va
tang kha nang tich hop gitra scaffold va mo
xuong ban dia.

Céc nghién ctru gan day di chi ra rang viéc
Kkét hop HA véi céc vat li¢u polyme sinh hoc
trong qué trinh in 3D c6 thé cai thién dang ké
tinh chat co hoc cua scaffold, dong thoi duy tri
duoc sy phan huy sinh hoc va hd trg qua trinh
khoang hoéa [13]. Viéc két hop HA véi cac
polyme sinh hoc nhu polyvinyl alcohol,
chitosan, hodc polycaprolactone gitip cai thi¢n
tinh chat co hoc va kha nang phan huy sinh hoc
cua scaffold, tao ra mot vat liéu c6 do linh hoat
cao hon va c¢6 kha nang thich img véi méi truong
co thé. Cac polyme nay khong chi lam ting do
bén co hoc cho scaffold ma con gitp diéu chinh

tde do phan huiy sinh hoc cua vét li¢u, cho phép
scaffold ho tro qua trinh hinh thanh xuong mot
cach lau dai trudce khi phan hiy hoan toan [12,
13]. Vi duy, PVA 1a mét polyme c6 kha nang hoa
tan trong nudc va co tinh chét co hoc tét, khi két
hop v6i HA trong qua trinh in 3D, n6 tao ra mét
scaffold co kha ning chiu lyc tot hon va giap
scaffold duy tri cAu trac on dinh trong qua trinh
cdy ghép. Chitosan, mot polyme c6 ngudn goc
tir vo tom, cling dugc st dung phd bién vi tinh
khang khuéan tu nhién, kha ning phan hily sinh
hoc va tinh twong thich sinh hoc cao. Khi két hop
v6i HA, chitosan khong chi ting cuong kha nang
tai tao mo xuwong ma con gitp bao vé vét thuong
khoi vi khuan. Su két hop nay con c6 thé duoc
diéu chinh tuy theo yéu cau cu thé ciia timg g
dung 1am sang. Polyme c6 thé giup HA két hop
t6t hon voi cac yéu to ting truong va thudc
khang sinh, cai thién hiéu qua diéu tri va giup
scaffold khong chi don thuan 1a mot khung hd
trg vat Iy ma con tham gia vao viéc diéu chinh vi
moi truong sinh hoc tai khu vuc ton thuong
xuong [16].

Chang han nhu, trong qua trinh in 3D dé tao
ra cac cau trac tr HA nguyén chit, ngudi ta
thuong st dung nhiéu loai vat liéu hi sinh va
polyme lam chat két dinh. Do kha nang phan tng
kém cta bot HA véi myc in géc nude théng
thuong, Zhou va cong su da nghién ctru cac loai
keo hoa tan trong nudc, nhu maltodextrin va
polyvinyl alcohol, nham cai thién tinh in 3D cua
bot HA. Ho phat hién rﬁng viéc st dung PVA c6
trong luong phan tr cao & ndng d6 30% khdi
lwong lam chat két dinh da gitp ting do chinh
xac hinh hoc 1én dén khoang 85% va dat duoc
d6 bén nén xanh tuyét voi & muc 5,63 + 0,27
Mpa [17].

Qua trinh 1am cung, loai bo chét két dinh va
nung anh hudng lon dén cac dic tinh co hoc, do
xbp va d6 co rut cia mau nung. Liu va cong su
da ché tao scaffold xuwong tir HA bang k§ thuat
in DLP, va két qua cho thay céac scaffold co kich
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thude 16 x6p tir 300-600 pm, d6 x6p khoang
49,8%, va do bén nén lén dén 15,25 MPa, cho
thdy tiém ning tmg dung trong viéc stra chira
xuong [18].

Tuong ty, Seitz va cong su st dung bot HA
da duoc cdi tién d€ in scaffold, sau d6 chat két
dinh polyme duoc loai bo bang cach nung miu
gém xanh & nhiét d6 1250°C trong khong khi
moi truong. Viée bd sung polyme vao cac hat
nano HA c6 thé cai thién kha nang in 3D ciia cac
céu trac HA [19].

4. Thach thirc va han ché

Mic du cong nghé in 3D HA mang lai nhiéu
tiém nang va Gmg dung rong rii trong linh vyc
tai tao xuong, nhung van ton tai nhiéu thach thirc
va han ché can dugc giai quyét dé dat duge hiéu
qua cao nhat. Mot trong nhiing thach thtc 16n
nhit 1a kha niang tuong thich co hoc giita
scaffold in 3D va m6 xuong tu nhién. HA ¢6 do
ctmg twong ddi cao, nhung do bén co hoc cua
scaffold in 3D HA thuong khong dat dén muirc
can thiét dé chiu duoc tai trong trong cic tng
dung xuong chiu lyc 1é6n nhu cot séng hoac
khop. Diéu nay doi hoi sy két hop voi cac vat
li¢u khac, nhu polyme sinh hoc hoac kim loai, dé
gia ting d0 bén va tinh dan hoi cia scaffold.

Thém vao do, qua trinh in 3D HA ciing gap
kho khin trong viéc kiém soét kich thudc 16 xdp
va do dong déu cua scaffold, hai yéu té quan
trong dbi v6i qua trinh hinh thanh mé va van
chuyén chat dinh dudng. Mic du cac ky thuat in
3D tién tién nhu SLA hay DLP c6 thé cai thién
d6 chinh xé4c céu trac, nhung viéc dam bdo
scaffold c6 d6 x6p phu hop voi timg tng dung
lam sang cu thé van 1a mot thach thire.

Ngoai ra, qué trinh xr I sau in, bao gdm viéc
nung va loai bo chét két dinh, c6 thé dan dén co
rat va bién dang scaffold, anh hudng tiéu cuc
dén d6 chinh x4c hinh hoc ban dau. Nhiét d6 cao
can thiét dé nung HA ciing c6 thé lam giam tinh
tuong thich sinh hoc va 1am hong cac thanh phan

polyme hoic té bao duoc tich hop trong scaffold.
Hon nira, chi phi cua céng nghé in 3D tién tién
va vat liéu HA chat lugng cao cling 1a mot yéu
t6 can trd viéc tng dung rong rai trong thuc tién
lam sang.

5. Xu huéng va trién vong

Trong tuong lai, cong nghé in 3D trong linh
vuc tai tao xuong s& tiép tuc phat trién voi nhiéu
xu huéng va trién vong tich cuc. Mot trong
nhitng huéng di chinh 1a sy két hop giita HA va
cac vat liéu khac dé cai thién tinh chét co hoc va
sinh hoc cua scaffold. Cac polyme sinh hoc nhu
chitosan, polycaprolactone hoac collagen dang
dugc nghién ciru rong rai dé ting cudng tinh linh
hoat va kha nang phan hiy sinh hoc cua scaffold,
ddng thoi tao ra moi trudng thuan loi cho sy ting
trudng cua té bao. Xu hudng tich hop té bao gbc
va céc yéu to ting truong tryc tiép vao qua trinh
in 3D ciing dang thu hiit nhiéu sy quan tam. Diéu
nay khong chi gitp scaffold c6 kha nang tuong
thich t6t hon véi co thé ma con kich thich qua
trinh phuc hoi va tai tao mé xuong mdt cach hi¢u
quad hon. Ky thuat in 3D sinh hoc (bioprinting)
v6i su két hop cia HA va cac té bao gde o tiém
nang lon trong viéc tao ra cac mo ghép ty nhién,
¢6 kha nang phat trién va hoa nhap véi co thé sau
khi cdy ghép. Ngoai ra, v&i sy phét trién cta
cong nghé vat li¢u nano, viéc tich hop céc hat
nano kim loai (nhu bac, déng hoac kém) vao
scaffold HA ciing md ra nhing trién vong mai
trong viéc nang cao tinh khang khuan va thuc
day qua trinh lanh vét thwong sau phau thuat. Vat
liéu nano c6 thé gitip scaffold khong chi hd trg
phuc hoi xuong ma con ngan ngira nhiém tring,
mot van dé thuong gip trong phau thuat ciy
ghép xuong. Cudi cung, su tién bo trong ky thuat
in 3D va cac cong nghé lién quan, nhu in nhiéu
vat liéu hodc in trong mdi truong 4D (voi kha
nang tu thay ddi ciu trac theo thoi gian), s& tao
ra cac scaffold xuong c6 churc nang thong minh
hon, ¢6 thé tu diéu chinh theo méi truong sinh
hoc va déap ung linh hoat véi cac thay ddi trong
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co thé. Diéu nay s& mang lai tiém ning 16n cho
viéc tng dung scaffold in 3D trong diéu tri cac
bénh 1y xuong phuc tap va ca nhan héa phuong
phap diéu trj cho timg bénh nhan.

6. Két luan

Cong nghé in 3D két hop véi vat liéu HA da
mo ra nhitng bude tién quan trong trong linh vuc
tai tao xuong, cho phép tao ra cac scaffold co cdu
tric phuc tap va twong thich sinh hoc cao. Nho
kha nang tiry chinh theo nhu cau cu thé cta bénh
nhan, scaffold in 3D khong chi hd trg qua trinh
tai tao mo ma con thic ddy sy phat trién ciia cac
phuong phap diéu tri tién tién trong y hoc. Tuy
nhién, van con nhiéu thach thirc nhu cai thién
tinh co hoc, kiém soat kich thudc 16 xdp, va tdi
wu quy trinh san xudt dé dam bao do bén va tinh
hi€u qua lau dai. Trong tuong lai, cac hudng di
m&i nhu tich hop té bao gdc, vat liéu nano, va ky
thuat in sinh hoc s€ tiép tuc nang cao kha nang
ung dung cua scaffold HA, tao ra cac giai phap
diéu trj hiéu qua hon cho cac tén thuong xuong
phtic tap. Vi sy phét trién ctia cong nghé va vt
liéu, in 3D HA c6 tiém nang tr& thanh phuong
phap chinh trong linh vuc ky thuat mé va diéu tri
xuong ca nhan hoa, mang lai nhiéu loi ich thiét
thuc cho bénh nhan va y hoc hién dai.

Tai liéu tham khao

[1] Hoveidaei, A. H., Sadat-Shojai, M., Mosalamiaghili,
S., Salarikia, S. R., Roghani-shahraki, H.,
Ghaderpanah, R., Ersi, M. H., & Conway, J. D.
(2024). "Nano-hydroxyapatite structures for bone
regenerative medicine: Cell-material interaction".
Bone, 179, 116956.
https://doi.org/10.1016/j.bone.2023.116956.

[2] Avanzi, I. R., Parisi, J. R., Souza, A., Cruz, M. A.,
Martignago, C. C. S., Ribeiro, D. A., Braga, A.R. C.,
& Renno, A. C. (2023). "3D-printed hydroxyapatite
scaffolds for bone tissue engineering: A systematic
review in experimental animal studies”. Journal of
Biomedical Materials Research Part B: Applied
Biomaterials, 111(2), 203-219.
https://doi.org/10.1002/jbm.b.35134.

[3] Bogala, M. R. (2022). "Three-dimensional (3D)
printing of hydroxyapatite-based scaffolds: A
review". Bioprinting, 28, 00244,
https://doi.org/10.1016/j.bprint.2022.00244.

[4] Shi, H., Zhou, Z., Li, W., Fan, Y., Li, Z., & Wei, J.
(2021). "Hydroxyapatite Based Materials for Bone
Tissue Engineering: A Brief and Comprehensive
Introduction”. Crystals, 11(2), 149.
https://doi.org/10.3390/cryst11020149.

[5] Damiri, F., Fatimi, A., Magdalena Musuc, A., Paiva
Santos, A. C., Paszkiewicz, S., Igwe Idumah, C.,
Singh, S., Varma, R. S., & Berrada, M. (2024).
"Nano-hydroxyapatite (nHAp) scaffolds for bone
regeneration: Preparation, characterization and
biological applications”. Journal of Drug Delivery

Science and  Technology, 95, 105601.
https://doi.org/10.1016/j.jddst.2024.105601.
[6] Ahmed, L. O., & Omer, R. A. (2024).

"Hydroxyapatite biomaterials: a comprehensive
review of their properties, structures, clinical
applications, and producing techniques”. Reviews in
Inorganic Chemistry. https://doi.org/10.1515/revic-
2024-0018

[7] Fendi, F., Abdullah, B., Suryani, S., Usman, A. N., &
Tahir, D. (2024). "Development and application of
hydroxyapatite-based scaffolds for bone tissue
regeneration: A systematic literature review". Bone,
183, 117075.
https://doi.org/10.1016/j.bone.2024.117075

[8] Koliyabandara, P. A., Hettithanthri, O., Rathnayake,
A., Rajapaksha, A. U., Nanayakkara, N., &
Vithanage, M. (2022). "Hydroxyapatite for
environmental remediation of water/wastewater".
Integrated  Environmental ~ Technologies  for
Wastewater Treatment and Sustainable Development
(pp. 167-191). Elsevier.
https://doi.org/10.1016/B978-0-323-91180-1.00004-1

[91 Mondal, S., Park, S., Choi, J., Vu, T. T. H., Doan, V.
H. M., Vo, T. T, Lee, B, & Oh, J. (2023).
"Hydroxyapatite: A journey from biomaterials to
advanced functional materials". Advances in Colloid
and Interface Science, 321, 103013.
https://doi.org/10.1016/j.cis.2023.103013

[10] Mondal, S., & Pal, U. (2019). "3D hydroxyapatite
scaffold for bone regeneration and local drug
delivery applications”. Journal of Drug Delivery
Science and  Technology, 53, 101131.
https://doi.org/10.1016/j.jddst.2019.101131.

[11] Han, Y., Wei, Q., Chang, P., Hu, K., Okoro, O. V.,
Shavandi, A., & Nie, L. (2021). "Three-Dimensional
Printing of Hydroxyapatite Composites for
Biomedical Application”. Crystals, 11(4), 353.
https://doi.org/10.3390/cryst11040353.

[12] zZhang, Q., Zhou, J., Zhi, P., Liu, L., Liu, C., Fang,
A., & Zhang, Q. (2023). "3D printing method for
bone tissue engineering scaffold”. Medicine in Novel
Technology  and Devices, 17, 100205.
https://doi.org/10.1016/j.medntd.2022.100205.

[13] Iglesias-Mejuto, A., & Garcia-Gonzalez, C. A.
(2021). "3D-printed alginate-hydroxyapatite aerogel
scaffolds for bone tissue engineering”. Materials



L.Van Thugn, N.T.H Ngdn Hué,... | Tap chi Knhoa hoc va Cong nghé Pai hoc Duy Tan 02(69) (2025) 28-35 35

Science and Engineering: C, 131, 112525.
https://doi.org/10.1016/j.msec.2021.112525.

[14] Huang, H., Qiang, L., Fan, M., Liu, Y., Yang, A.,

Chang, D., Li, J.,, Sun, T., Wang, Y., Guo, R,
Zhuang, H., Li, X., Guo, T., Wang, J., Tan, H,,
Zheng, P., & Weng, J. (2024). "3D-printed tri-
element-doped hydroxyapatite/ polycaprolactone
composite scaffolds with antibacterial potential for
osteosarcoma therapy and bone regeneration”.
Bioactive Materials, 31, 18-37.
https://doi.org/10.1016/j.bioactmat.2023.07.004.

[15] He, Z., Jiao, C., Wu, J., Gu, J., Liang, H., Shen, L.,

Yang, Y., Tian, Z., Wang, C., & Jiang, Q. (2023).
"Zn-doped chitosan/alginate multilayer coatings on
porous hydroxyapatite scaffold with osteogenic and
antibacterial properties”. International Journal of
Bioprinting, 9(2), 668.
https://doi.org/10.18063/ijb.v9i2.668.

[16] Soleymani, S., & Naghib, S. M. (2023). "3D and 4D

printing hydroxyapatite-based scaffolds for bone
tissue engineering and regeneration™. Heliyon, 9(9),

€19363.
https://doi.org/10.1016/j.heliyon.2023.19363.

[17] Zhou, Z., Lennon, A., Buchanan, F., McCarthy, H.

0., & Dunne, N. (2020). "Binder jetting additive
manufacturing of hydroxyapatite powders: Effects of
adhesives on geometrical accuracy and green
compressive strength”. Additive Manufacturing, 36,
101645.
https://doi.org/10.1016/j.addma.2020.101645.

[18] Liu, Z., Liang, H., Shi, T., Xie, D., Chen, R., Han, X.,

Shen, L., Wang, C., & Tian, Z. (2019). "Additive
manufacturing of hydroxyapatite bone scaffolds via
digital light processing and in vitro compatibility".
Ceramics International, 45(8), 11079-11086.
https://doi.org/10.1016/j.ceramint.2019.02.195.

[19] Seitz, H., Rieder, W., Irsen, S., Leukers, B., & Tille,

C. (2005). "Three-dimensional printing of porous
ceramic scaffolds for bone tissue engineering"”.
Journal of Biomedical Materials Research Part B:
Applied Biomaterials, 74B(2), 782-788.
https://doi.org/10.1002/jbm.h.30291.



