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ABSTRACT

Objective: To summarize advances over the past 10 years in articular cartilage regeneration using
stem cells and scaffolds, with emphasis on clinical efficacy, safety, biomaterial innovation, and
translational readiness.

Methods: A structured narrative review was conducted using PubMed/MEDLINE, the Cochrane
Library, and ClinicalTrials.gov for studies published from January 1, 2015 to October 31, 2025.
Two reviewers independently screened records in two steps, with disagreements resolved by a
third reviewer. Priority was given to randomized trials, cohort studies or long-term follow-up data,
systematic reviews, meta-analyses, and high-quality translational reviews.

Results: Matrix-Induced Autologous Chondrocyte Implantation (MACI) has the strongest evidence
for focal knee cartilage defects, with more durable functional and structural improvement
than microfracture in appropriately selected patients. In knee osteoarthritis, intra-articular
Mesenchymal Stem Cells (MSCs) may provide small-to-moderate improvements in pain and
function with acceptable short-term safety, but important heterogeneity remains in cell source,
dose, processing, and outcome measures. Exosome-based therapies are still supported mainly
by preclinical and early clinical data. Composite hydrogels, zonal scaffolds, and 3D bioprinting are
advancing rapidly but have not reached routine clinical use.

Conclusions: Current evidence most strongly supports MACI for focal cartilage defects; MSCs still
require further standardization; exosomes, next-generation scaffolds, and 3D bioprinting remain
promising translational approaches rather than routine treatments.

Keywords: cartilage regeneration; mesenchymal stem cells; exosomes; MACI; hydrogel scaffold;
3D bioprinting.

*Corresponding author
Email: pttai@vttu.edu.vn Phone: (+84) 947401446 DOI: 10.52163/yhc.v67iCD14.6559

238




P. T. Tai et al. / Vietnam Journal of Community Medicine, Vol. 67, Special Issue 14, 238-242

1

LIEU PHAP TAI TAO MO SUN BANG TE BAO GOC VA SCAFFOLD: CAP NHAT 10 NAM
GAN PAY
Mai Heru Luc’, Tén That Hung Binh?, Phan Thanh Tai', Nguyén Kim Vuong'

"Trurong Pai hoc V6 Truong Toan - QL1A, xa Thanh Xuén, thanh phé Can Tho, Viét Nam
2Bénh vién Pai hoc V6 Truong Toan - QL1A, xa Thanh Xuén, thanh phd Cén Tho, Viét Nam

Ngay nhan bai: 13/01/2026
Ngay chinh sira: 20/03/2026; Ngay duyét dang: 10/09/2026

TOM TAT
Muc tiéu: Téng hgp tién bd 10 ndm gan day trong ti tao sun khép bang t& bao géc va scaffold, nhan
manh hiéu qua ldam sang, an toan, déi mdi vat liéu sinh hoc va kha nang chuyén giao.

Phuong phéap: T8ng quan tudng thuat cé ciu trdc trén PubMed/MEDLINE, Cochrane Library va
ClinicalTrials.gov giai doan 01/01/2015-31/10/2025. Hai nha nghién cltu sang loc doc lap theo hai
budc; bat dong dugc giai quyét véi nha nghién ciu thi ba. Uu tién ther nghiém ngdu nhién, nghién
clru doan hé hoac dir liéu theo déi dai han, tdng quan hé thng, phan tich gop va céc bai téng quan
chuyén giao chéat lugng tét.

K&t qua: Cay ghép t& bao sun tu than cé khung nén (MACI) cé bang chirng manh nhat cho khuyét
sun khu tra & géi, véi cai thién chic nang va cau tric bén vitng hon khoan vi phau & ngudi bénh
chon loc phu hap. O thoai hoa khdp gdi, Té bao géc trung md (MSC) ndi khdp cé thé cai thién dau
va chirc ndng muic nhod dén trung binh, véi an toan ngén han chap nhan dugc, nhung con di biét l6n
vé nguon té bao, liu, quy trinh va chi s6 danh gia. Exosome hién chl yéu dugc nang da bdi dir liéu
tién ld&m sang va lam sang sdm. Hydrogel composite, scaffold mé phdng céu tric vung va in sinh
hoc 3D phat trién nhanh nhung chua dat mic 'ng dung thudng quy.

K&t luan: Bang chitng hién Ging hd rd nhat MACI cho khuyét sun khu trd; MSC con can chuan hdéa thém;

exosome, scaffold thé hé mdiva in sinh hoc 3D hién chii yéu la cac hudng chuyén giao trién vong.

Ttr khéa: tai tao sun; té€ bao gbc trung mo; exosome; MACI; scaffold hydrogel; in sinh hoc 3D.

1. DAT VAN BE

T6én thuong sun khdp va thodi héa khdp géi la nguyén
nhan thuong gap gay dau, han ché van dong, giam chéat
lwgng s6ng va lam tang chi phiy té€ lau dai. Do sun hyaline
gan nhu khdéng c6 mach mau, mat doé té bao thap va kha
nang ty slra chira han ché, céac tén thuong sun toan bé
day thudng khoé phuc hoi ty nhién. Céac ky thuat kich thich
tay xuwong nhu microfracture cé thé cai thién triéu chirng
trong ngén han, nhung mé tan tao thudng gidu sun soi,
kha nang chiu tai va dé bén sinh hoc kém han sun hyaline.

Trong 10 nam gan day, chién lugc téi tao sun da chuyén
tlr cach tiép can don lé sang mo hinh tich hgp gilra thanh
phan sinh hoc va nén tang vat liéu. O binh dién lam sang,
cay ghép t& bao sun twthan gan nén va tiém ndi khép té bao
géc trung mé la hai huéng dugc quan tam nhigu nhat. & binh
dién chuyén giao, exosome, hydrogel composite, scaffold
mo phong cau trdc vung, scaffold sun - xuwong dudi sunva in
sinh hoc 3D dang dugc phét trién nhdm tai lap vi méi trudng
cao hoc - sinh hoc thuén lgi cho tai tao mé [1-4],[10].

Chinh su phat trién song hanh clia liéu phap té bao
va vat liéu sinh hoc lam nay sinh nhu cau vé mot bai téng
quan tich hgp, khoéng chi liét ké hiéu qua cla tirng céng
nghé ma con phai phan biét mic dd trudng thanh cua
bang ching, vi tri chi dinh hién tai va cac rao can dich
chuyén sang thuc hanh thudng quy. Vi vay, bai viét nay
nhadm: (1) cap nhat ching c ldm sang vé MACI, MSC

*Tac gia lién hé

ndi khdp va exosome; (2) téng hgp céc d6i mdi néi bat
clia scaffold, hydrogel va in sinh hoc 3D; va (3) xac dinh
khoang trdng nghién cliu, dong thoi goi y cach dién giai
than trong trong thuc hanh.

2. PHUONG PHAP NGHIEN CUU

Day la téng quan tudng thuat cé cdu tric. Ngudn dir
liéu bao gobm PubMed/MEDLINE, Cochrane Library va
ClinicalTrials.gov. Chién lugc tim ki€ém bao phu giai doan
tir ngay 01/01/2015 dén ngay 31/10/2025; lan cap nhat
tim kiém cudi cung dugc thuc hién ngay 31/10/2025.
Céc cum tir khéa chinh gom: “cartilage defect”, “articular
cartilage”, “osteoarthritis”, “matrix-induced autologous
chondrocyte implantation”, “MACI”, “mesenchymal stem
cells”, “exosomes”, “hydrogel”, “scaffold”, “osteochondral
scaffold”, “3D bioprinting”, két hop b&ng toan ti Boolean
phu hgp theo tirng co s@ di liéu.

Viéc sang loc dugc thuc hién theo hai budc. O budc
1, tiéu d@é va tom tat dugc ra soat dé loai cac bai khéng
phu hgp chd dé, bai trung lap, bado cédo ca don L&, thu toa
soan va nghién ctu khong lién quan truc ti€p dén tai tao
sun khdp. O’ budc 2, toan van dugc danh gia theo tiéu chi
xac dinh trude. Hai nha nghién clru sang loc doc lap; bat
dong duoc giai quyét bang thao luan va ddi chiéu vdi nha
nghién clu thit ba. Cac bai dugc uvu tién khi thoa it nhat
mot trong cac dac diém sau: th&r nghiém ngdu nhién cé
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ddi chirng; doan hé hodc dit liéu dang ky theo doi dai han;
téng quan hé théng hoac phan tich gop; hodc bai téng
quan chuyén giao c6 gié tri tdng hop cao déi véi hydrogel,
scaffold, exosome hay in sinh hoc 3D.

Tiéu chi dua vao gém: (1) doi véi MACI, uwu tién RCT va
nghién clru theo déi it nhat 24 thang & khuyét sun khu trd goi;
(2) d6i véi MSC ndi khép trong thoai hda khép goi, uu tién RCT,
téng quan hé théng va phan tich gop; (3) déi vdi exosome,
chap nhan bang ching tién lam sang manh va dit liéu lAm
sang sdm c6 lién quan tryc ti€p dén bénh ly sun - khép; (4)
dai vdi hydrogel, scaffold va in sinh hoc 3D, uu tién cac bai
téng quan cap nhat, cé mo ta rd nén tang vat liéu va tiém
nang chuyén giao. Tiéu chi loai trir gom: nghién ctru khong
tap trung vao md sun khép, can thiép khéng c6 thanh phan
t€ bao hoac scaffold lién quan, nghién clttu dong vét thuan
tly khéng gan véi hudng dich chuyén lam sang, bai bao trung
lap dit liéu, va bai khong cung cap thong tin di dé téng hap.

Tir 379 ban ghi ban dau, sau loai trung va sang loc tiéu
dé/tém tat con 37 bai toan van dugc danh gia. Trong s6 nay,

12 bai bi loai vi khdng ding quan thé hoac khéng dung can
thiép chinh, 7 bai bj loai do triing lap ndi dung vdi tdng quan
mdi han ho&c khong bé sung théng tin ¢c6t 16i, va 8 bai bj loai
do khéng cung cap dit liéu phu hdp cho muc tiéu téng hop.
Cudi cuing, 10 tai liéu nong cdt dugc st dung dé xay dung
phan két qua va ban luan. Vi day khdng phai la téng quan
hé théng, nhém téc gia khéng thuc hién thang diém nguy co
sai léch chinh thitc cho tiing nghién cliu; thay vao dé, bang
chiing dugc dién giai theo loai thiét k&, thai gian theo doi,
tinh nhat quén cua két qua va muic do sén sang chuyén giao.

3. KET QUA

Mudi tai liéu nong cot sau sang loc cho thay birc tranh
bang ching phan tang kha rd gilta cac chién luge. MACI L4
nhém c6 dif liéu ldm sang trudng thanh nhat; MSC ndi khdp
c6 s6 luong nghién ciru ldm sang dang ké nhung con rat
khong dong nhéat; exosome mdi & giai doan ldm sang sém;
con hydrogel, scaffold mé phdng ciu tric ving va in sinh hoc
3D chuiyéu phan danhtién bd cong nghé va chuyén giao[1-10].

Bang 1. Phan tang chién lugc tai tao sun theo mirc d6 chirng c¥ va mirc sén sang chuyén giao

Chién lvgc Mirc chitng c¢ | Chi dinh hién tai Piém manh Han ché chinh Sanﬂsan.g
chuyén giao
Lam sangtuong | Khuyétsun khu | DFUEURCTvatheoddidai | o0y 0 oo banh nghiem
MACI PO L e han; hiéu qua cau truc - churc e s e ” Cao
doéiviing tru goi 9 ~ ngat; chi phiva ky thuat cao
nang tot
A , . . Cé tin hiéu giam dau, cai Khac biét nguon té bao, liéu,
MSC néi khép bg:j?&%gﬁg g):?gglt:gj EEZ’:} thién chi'c nang; an toan XU ly va outcome; hiéu qua Trung binh
PR 8 i g ngén han chap nhan dugc cdu truc chua nhat quan
A . . Tiém nang diéu hoa viém, - s " .
Exosome tir MSC Lam sang sp’m /' |Chua co chidinh tranh mot sé bat lgi chia té Th.'fu c\huar} hoa)san pham, Thap\-
chuyén giao thudng quy N lieu va phép thir hiéu luc trung binh
bao song
Hydrogel sk em a . s . Tuy bién ca - sinh hoc, Do bén ca hoc, phan huy, tich
/ scaffold SC;U ¥eé|6tr|1ennla}:1; Ne&}?ang Irwnoétrd dan truyén té bao va yéu t6 |hogp méd va san xuit l&p lai con Thép
composite g gnghe ; tang truéng thach thirc
Scaffoldsun - | o s sangs | TONINUONE i an g8 hon don vi chifc | Thiu dif liéu (am sang chudn .
xuwong dudi sun, o > osteochondral 2 . . N ., Thap
2 RN chuyén giao s6m nang chiu luc héa, quy trinh phirc tap
cau truc vung chon loc
A Cé thé hoa hinh hoc va phéan . o e
Insinhhoc 3D | CNUYEUCONE |y v ihiong quy|  bo vatliu-té baotheo | <nodatdongthditinhsinh |- )
nghé chuyén giao N . hoc, co hoc va chuan san xuat
khéng gian
Bang 2. Tai liéu nong c6t dugc si dung dé xay dung phan két qua va ban luan
STT Tac gia/Tai liéu Nam Thiét ké Gia tri str dung trong téng quan
1 TangD, et al. 2025 | Téngquan hé théng Tom tat hudng phat trién hydrosgue; <g:girnp03|te trong stra chira khuyét
2 Li A, etal. 2025 Téng quan Phan tich chién luge hydrogel chitc nang trong ky thuat mé sun.
3 Mirsky NA, et al. 2024 Téng quan Cap nhat nén tang va trién vong ctia in sinh hoc 3D.
4 TanF, et al. 2024 Téng quan Khung tham chiéu vé (ng dung ldm sang clia exosome tir té bao goc.
5 Cao M, et al. 2025 Phén tich gop RCT  [Panh gia hiéu qua va an toan ctia MSC ndi khdp trong thodi héa khép goi.
6 Tian X, et al. 2024 [Téng quan hé th8ng/MA| B6 sung so sanh tuwong déi hiéu qua va an toan ctia MSC trong OA.
7 Wang, et al. 2025 TI?I’] lam sar?g + Cho thay tin hiéu an toan va hiéu qua ban dau ctia exosome UC-MSC
ldm sang sém trong OA.
Saris DBF, et al. 2014 RCT Nghién cttu nén tang so sénh MACI vdi microfracture.
Wang AS, et al. 2024 Theo do6i dai han Cung c8 tinh bén virng t6i thiéu 10 nam ctia MACI.
10 |Hashemi-Afzal F, et al.| 2025 Téng quan Tong hop thiét k& hydrogel thé hé mdi cho téi tao sun khép.

3.1. MACI trong khuyét sun khu tra

Nhém bang chirng vé MACI tap trung & t8n thuong sun
khu tra géi, thudng la khuyét sun don 8, dién tich vira phai,
do thoai hda nén thap va truc chi tuong déi bao tén. Cac
thr nghiém ngiu nhién va theo déi dai han cho thay MACI

240

cai thién t6t hon microfracture vé dau, chitrc nang va mot
s6 chisé cau tric trén cong hudng tir khi ngudi bénh dugc
chon loc phu hgp. Diém quan trong (a Lgi ich clia MACI
khong chi xuét hién & giai doan s6m ma con dugc duy tri
sau nhiéu nam, qua do cung co vai tro cua ky thuat nay
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nhu moét lya chon tai tao sun twong déi virng cho khuyét
sun khu trd da that bai diéu tri bao ton.
3.2. MSC ndi khép trong thoai héa khép géi

So v&i MACI, béng chirng vé MSC ndi khdp trong thoai
hda khdp goi c6 pham vi ldm sang rong han nhung di biét
l&n hon. Céc phéan tich gép gan day cho thdy MSC c6 thé
cai thién dau va chirc nang @ mdc nhd dén trung binh
trong ngan va trung han, vdi bién c6 bat lgi nghiém trong
hi€ém gap [5,6]. Tuy nhién, hiéu qua khong hoan toan dong
nhat gira cac nghién clu vi khac nhau vé ngudn té€ bao,
quy trinh nudi cdy hodc x ly, s6 lugng té bao tiém, so lan
tiém, mic do thodi hda khdp nén, cling nhu viéc c6 phdi
hop vdi arthroscopy, hyaluronic acid hay huyét tuong giau
tiéu cau hay khéng. DT liéu vé thay ddi cdu tric sun trén
cdng hudng tir hodc cac chi dau sinh hoc con chuwa nhét
qudn, vi vy hién nay can dién giai MSC chd y&u nhu mot
canthiép c6 tin hiéu cai thién triéu ch*ng hon la da chirng
minh chac chén kha ndng phuc héi cau truc.
3.3. Exosome tir MSC

Liéu phap “khéng t& bao” bang exosome hodc cac tui
ngoai bao c6 ngudn géc tlr MSC dugc quan tdm nhd kha
nang giam mot s6 khé khan clia té bao séng, nhu bao quan,
bién thién chat lugng va kiém soat san pham. DT liéu hién
tai goi y exosome c6 thé diéu hoa viém, thuc dady téng hop
ché&t nén va anh hudng thuan gi dén tuong tac gilra té bao
sun, mang hoat dich va dai thuc bao [4,7]. Tuy nhién, phan
6n dif liéu van xudt phat tr md hinh tién 1d&m sang hoac
nghién cttu ldm sang sém véi c& mau nhd. Do dé, exosome
nén dugc xem la nén tang cé tiem nang cao nhung chua du
dir liéu dé suy rong sang thuc hanh thudng quy.
3.4. Hydrogel, scaffold mé phéng céu tric ving va in
sinh hoc 3D

Nhomyvatliéusinh hoc chothdytdc dd phattriénnhanh
nhat trong giai doan gan day. Cac hydrogel composite
ph&i hgp collagen, hyaluronic acid, gelatin methacrylate
va vat liéu vo co gia cudng duoc thiét k& nhdm t8i vu dong
thai kha nang bam dinh, tinh tuong hgp sinh hoc, kha
nang phan phdi té€ bao hoadc yéu t6 tang trudng, va dac
tinh cohoc [1-3,10]. Céc scaffold mé phdng ciu tric vung
hudng dén tai tao khac biét gitra l&p bé mat, |dp chuyén
tiép va ldp voi hda clia sun; trong khi scaffold sun - xuong
dudi sun c8 géng giadi quyét dong thoi don vi chlic nang
chiu lyc cua t8n thuong osteochondral. In sinh hoc 3D
cho phép tao c4u tric cé thé hoa theo hinh dang khuyét
sun va phéan bé vat liéu - té bao theo khdng gian. Du vy,
hau hé&t nén tadng nay hién van & muc tién lAm sang hodc
l&m sang rat sdm; cac thach thirc quan trong gom do bén
cd hoc dai han, tiéu chuan san xuat, phép thi? hiéu luc va
khung phép ly cho san pham két hop.

4. BAN LUAN

K&t qua téng hgp cho thdy khéng nén dat tat ca chién
lugc tai tao sun trén cung mét mat bang bing ching.
MACI hién c6 nén tang lam sang virng nhéat, nhung chi phu
hop v&i mot quan thé chon loc, chu yéu la khuyét sun khu
tri & khép géi, trong béi canh ca hoc khép da dugc t6i
uu tuong déi [8,9]. N6i cach khac, thanh cong ciia MACI
khéng chi phu thudc vao vat liéu hoac t& bdo ma con gan
vGi chinh truc chi, xtr tri bat 8n day chang, tinh trang sun
chém va chuang trinh phuc hdi chirc nang sau mé.

Nguagc lai, MSC ndi khép dugc nghién clitu nhiéu trong
thoai héa khép gbi co triéu chirng, tirc mét bénh canh
rong, di hgp va chiu anh hudng dong thdi clia viém hoat
mac, tén thuong xuang dudi sun, béo phi, réi loan co hoc
va muirc d6 méat sun khac nhau. DPay a ly do giai thich vi
sao clng la “MSC” nhung két qua gilra cac thlr nghiém
khéng hoan toan tuong dong. O thdi diém hién tai, cach
dién giai than trong nhat 13 MSC c6 kha nang cai thién
triéu ching & mot sé nhom ngudi bénh, song anh hudng
[&n tai tao cdu tric sun van chua du nhat quéan dé xem 1
da xac lap [5,6].

Exosome, scaffold thé hé mdi va in sinh hoc 3D cé gia
tri l&n & géc nhin d6i mdi cong nghé, nhung murc trudng
thanh ldm sang con thap hon ré rét. Vi exosome, van
dé trung tdm khong chi la hiéu qua sinh hoc ma con la
chuén hda san phdm: ngudn té bao géc ban dau, quy trinh
tach chiét, ho so tai protein - RNA, kich thudc hat, tiéu
chi gidi phong L6 va phép thir hiéu luc chirc nang [4,7]. V6i
scaffold va hydrogel, thach thitc ndm & viéc dat dugc can
bang gitra tinh tuong hap sinh hoc, tinh chat co hoc, téc
do6 phan huy, tinh tich hgp véi mé nhan va kha nang san
xuét lap lai & quy mé lam sang[1-3,10]. VGiin sinh hoc 3D,
trién vong la rd rang nhung tir mot nén tang ky thuat day
hira hen dén mét san pham diéu tri thudng quy van con
khoang cach dang ké.

Bang phan tang mlrc dé bang chirng trong bai nay goi
y mot thong diép thuc hanh quan trong. Th& nhat, khuyét
sun khu trd va thodi héa kh@p lan tda la hai thuc thé khéng
nén gép chung khi suy luan vé hiéu qua tai tao sun. Thi
hai, két qua do ngudi bénh bao céo la can thiét nhung
chua du; tuwong lai clia linh vie nay can cac thir nghiém két
hop PROs vGi cong hudng tir dinh lugng, chi dau sinh hoc
dich kh&p va tham chi dénh gia kinh té y té. Thi ba, chuén
héa sdn pham va chi dinh theo kiu hinh ngudi bénh co &
quan trong khong kém ban than cong nghé diéu tri.

Han ché ctia nghién ciru

Bai viét nay la téng quan tudng thuat cé céu truc, do
do tén tai nguy ca thién léch chon loc tai liéu va khdng thé
dat mdc bao pht nhu mot tdng quan hé théng day du. S6
lwgng tai liéu nong ¢t dugc dua vao phan téng hgp cudi
cung tuang dadi it so vdi pham vi chi dé rong, du da vu tién
nhitng nghién cltu co6 gia tri dai dién cao. Ngoai ra, di biét
l&n gilra cac quan thé bénh, chi dinh diéu tri, ngudn va
quy trinh san xuat MSC, loai scaffold, chi s6 danh gia va
thdi gian theo di lam han ché& kha nang so sanh truc tiép
gilta cac chién lugc. Bai viét cling phai dat chung trong
mot khung phan tich cac bang chirng c6 dé trudng thanh
rat khac nhau, tir RCT ldm sang dén di liéu tién lAm sang
hoac céng nghé, nén moi két luan déu can dugc hiéu theo
murc dé chac chn tuong Gng.

5. KET LUAN

Trong 10 nam gan day, MACI la chién lugc cé bang
chirng lam sang virng nhat cho khuyét sun khu trd & khép
g6i, vdi loi ich chirc nang va c4u tric tuong doi bén virng khi
chon bénh dung [8,9]. DB&i vGi thoai hoa khép gbi, MSC néi
khép cho thay tin hiéu cai thién triéu chirng, nhung hiéu
qua chu yéu van dugc ghi nhan trén dau va chiic nang;
bang ching vé tai tao cau tric con chua nhat quan va bi
anh hudng bdi mic do di biét cao clia san pham cling nhu
chi dinh [5,6]. Exosome, scaffold thé hé mdiva in sinh hoc
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3D la cac hudng chuyén giao trién vong, song hién chua
dd bang chirng dé suy rong thanh lua chon diéu tri thudng
quy [1-4,7,10]. Budc tién ti€p theo cua linh vuc nay can
gan v6i chudn héa san pham té bao va vat liéu, chi dinh
theo kiéu hinh ngudi bénh, tiéu chi danh gia da tang va cac
thir nghiém thuc dung c6 thai gian theo doi du dai.
L&i cAm on

Nhém tac gia tran trong cdm on Truong va Bénh vién
Pai hoc V& Trudng Toan da hd trg dinh huéng hoc thuat
cho chuyén dé téng quan nay.
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