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Khung ham thdo lap tirng phan trong ky nguyén so:
Tong quan vé vat liéu va ky thuat ché tac

Vin Hong Phwong’, Pham Nguyén Quan, Trinh Minh Tri
Trwdng Bai hoc Quéc té Héng Bang
TOM TAT
Dt vain dé: Khung ham thdo Idp tirng phén (RPD) bédng hop kim cobalt-chromium (Co-Cr) truyén théng thuong
duorc ché'tdc bang ky thudt duc kim logi theo phurong phdp déi sap. Quy trinh nay phu thuéc nhiéu vao thao tdc
thd céng va c6 thé géy sai s6 Gnh hudng dén dé khit sat va ddc tinh co hoc clia khung phuc hinh. Sw phdt trién
cta nha khoa sé vdi cdng nghé in kim logi 3D va phay CAD/CAM, cting cdc vét liéu mdi nhu titanium va
polyetheretherketone (PEEK), dd m& ra cdc phuong phdp ché tdc thay thé. Muc tiéu nghién ciru: Téng hop cdc
béng chirng vé dé khit sdt va ddc tinh co’ hoc cuia khung RPD duworc ché tdc bdng cdc quy trinh truyén théng, lai
va ki thudt sé toan phén vdi vt liéu Co-Cr, titanium va PEEK. D6i tirong va phuwrong phdp nghién ciru: Téng quan
moé ta dwa trén tim kiém cdc co' s& dit liéu PubMed, Scopus va Web of Science trong 10 ném gén ddy; 15 nghién
cttu thi nghiém Idm sang, in vitro va téng quan hé théng duwoc lvra chon tir 327 bai bdo ban déu. Két qud: Quy
trinh ki thudt s6 toan phan cho dé khit sGt twong duong dic truyén théng, trong khi quy trinh lai dé tich Idy sai
s6. Co-Cr in 3D cho khé néng khdng méi cao hon; titanium va PEEK phay CAD/CAM c6 bé mdt nhén hon, tuy
nhién méc PEEK ¢6 luc lwu gilt thép hon kim logi. Két ludn: Céng nghé ché tdc ky thudt sé va vat liéu mdi cho
thdy tiém ndng ung dung Idm sang trong phuc hinh RPD, nhung cn thém nghién ciru Iém sang dai han.

Tirkhda: khung ham thdo IGp tirng phén, nha khoa ky thudt sé, in 3D, CAD/CAM, PEEK

1. DAT VAN DE

Mat rang tirng phan Ia tinh trang ph6 bién & ngudi
trwdng thanh va ngudi cao tudi, cd thé anh hudng
dang k& dén chirc ndng nhai, phat am, thAm my va
su 6n dinh ca khép cdn. Trong nhiéu trudng hop
lam sang, ham gid thdo I3p tirng phan van la
phuwong phap phuchinh duocstr dung rong rdinho
chi phi hgp ly, it xdm 1an va kha ndng ap dung cho
nhiéu dang mat rang khac nhau. Trong cau tric cla
phuc hinh nay, khung ham déng vai tro quan trong
trong viéc dam bao sy én dinh cda ham gid, duy tri
lyc lwu gilr ctia tay moc va phan bé luc nhai hop ly
[énrangtruclingnhumoé nang dé [1].

Trong nhiéu thap ky qua, khung RPD chu yéu duoc
ché tac bang kj thuat ddc kim loai truyén théng
theo phuong phap doéi sap, thuwong sir dung hop
kim cobalt-chromium. Vat liéu nay duogc xem la
tiéu chuan vang nh& d6 cirng cao, d6 bén co hoc
tdt va hiéu qua I1am sang da dugc chirng minh. Tuy
nhién, quy trinh ché tac truyén théng bao géom
nhiéu budc thd cdng va phu thudc dang ké vao tay
nghé cha k§ thuat vién, tlr d6 cé thé phat sinh saisd
trong qua trinh tao mau sap va ddc kim loai. Nhitng
sai s6 nay cé thé dnh hudng dén d6 khit sat cha
khung ham trén rang tru va mo nang d@, tir dé lam
giam su 6n dinh cla phuc hinh, anh hudng dén
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phan bd lyc nhai va gay kho chiu cho bénh nhan
trong quatrinh sirdung[2, 3].

Su phat trién nhanh chéng cla nha khoa sé trong
nhitng ndm gan day da mé& ra cac phuong phap ché
tdc mdi cho khung RPD. Cac cong nghé san xuat boi
dap kim loai nhu nung chay bang laser chon loc
(SLM), thiéu két chon loc bang laser (SLS), thiéu két
kim loai truc ti€p bang laser (DMLS) cho phép ché tac
truc ti€p khung kim loai tir di? liéu thiét ké s6 [1]. Bén
canh d6, cac phuong phap thiét ké va san xuat co sy
hé trg clia may tinh (CAD/CAM) nhu k§ thuat phay
cling dwoc ap dung cho mot sé vat liéu polymer hiéu
suat cao nhu polyetheretherketone [4]. Nh& mirc d6
tw déng hda cao va gidam sd budc trung gian, cac
céng nghé nay duoc ky vong cd thé cai thién do
chinh xac ché tac va tinh 13p lai cla san pham [1, 5].

Bé&n canh dd khit sat, dac tinh co hoc clia vat liéu va
ciu truc khung ciing 1a yéu t6 quan trong quyét
dinh do bén va hiéu qud 1am sang cda phuc hinh
RPD. Cac dactinh nhw dd bén udén, mé dun dan hoi,
kha nang khang méi va do cirng bé mat cé thé bj
anh hudng bdi phuwong phap ché tac cling nhu vi
ciu truc vat liéu hinh thanh trong qua trinh san
xuat. Mot s6 nghién ciru cho thay cdc khung kim
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loai dugc ché tac bang cdng nghé in 3D cé thé tao
ra cau tric vi md dac khit va déng nhat hon so véi
phuong phap duc truyén théng, tir d6 cé thé cai
thién moét s6 dac tinh co hoc cta vat liéu [6, 7]. Tuy
nhién, cac két qua nghién cru hién nay van con
chwathdngnhat.

Hién nay, cac vat liéu dugc sir dung trong ché tac

khung RPD bao gédbm hop kim Co-Cr, titanium va
cac polymer hiéu suat cao nhuw PEEK, mdi loai vat
liu déu cé nhirtng wu diém va han ché riéng lién
quan dén dac tinh co hoc, khd ndng ché tac va
hiéu qua |1dm sang. Cac vat liéu va phuong phap
ché& tac khung ham théo 13p tirng phan dugc tém
tattrong Bang 1.

Bang 1. Tong quan cac vat liéu va phuong phéap ché tac khung ham thdo 13p tirng phan

Phwong phap

Vat liéu Pl Uu diém ndi bat Han ché
ché tac
* Do clrng va dé bén co hoc cao, duoc | ThAm my han ché va trong luvong
. ; = v la tiéu chuan vang 13 3 h Oi 1&n.

Hop kim |» Dic truyén théng xem la tiéu chudn vang 1dm sang cho | tuong déi (IJ’n S
. . khung RPD. ¢ Phuong phdp duc dé xuat hién 1o

Co-Cr | In 3D kim loai e Cong nghé in kim loai tao ciu trdc vi | x&p vi md va sai s& ché tac

[1,6,7] | (SLM/SLS) 8 NEs A e P '

mo déc khit va kha nang khang moi
cao honso vdi duc.

e C6 thé gidi phdng ion cobalt, gay
lo ngai vé déc tinh sinh hoc.

¢ Trong luvong nhe va tuong thich sinh

e Duc titanium kho do phan g

e DUc truyén théng

Titanium | In 3D kim loai
[8-10] | (SLM)

e Phay CAD/CAM

hoc rat tot.

16 rd vat liéu.

* Khong gay vi kim loai va it gay di &ng.
e Phay CAD/CAM tao bé mat nhan va it

manh v&i oxy & nhiét do cao, dé
hinh thanhld x8p vi mo.

¢ Khung titanium in 3D thudng
¢4 dd nham bé mat cao, can danh
béng nhiéu.

. hoa yu).
« €p nhua oac nudu)

¢ Phay CAD/CAM
e In 3D dap l6p

PEEK

(4, 11] &ng kim loai.

e ThAm my t&t (mau gan gidng rang
¢ Tinh tro sinh hoc cao, khong gay di

e Mé-dun dan hdi gan véi xuong, cé
kha nanghap thu lyc nhai.

e Luc lwu gilt ciia méc thap hon
kim loai.
e Ep nhya va in 3D ddp Idp cb thé
taold x8p vi mo, lam gidm co tinh|
e DO dan hoi cao co thé [am tang tai
luc 18n niém mac nén ham trong
cac truong hop mat rang tru
phia sau.

Bén canh sy da dang vé vat liéu, cac quy trinh ché
tac khung RPD ciing c6 thé dugc thyc hién theo
nhiéu huwdng khic nhau, bao gdbm quy trinh truyén
théng, quy trinh lai va quy trinh ki thuat s& hoan
toan [1]. Trong quy trinh truyén théng, khung kim
loai dwgc ché tac thdng qua cac budc tao mau sép

va dac kim loai [12]. Trong khi d6, quy trinh lai két
hop gitta thiét ké ki thuat so va duc kim loai, con
quy trinh k§ thuat s& hoan toan cho phép ché tac
khung truc ti€p bang cong nghé in 3D kim loai hodc
phay vt liéu tir dir liéu CAD [4, 8]. So d6 so sanh cac
quy trinh ché tac nay dugctrinh bay trong Hinh 1.

QUY TRINH QUY TRINH QUY TRINH
TRUYEN THONG KY THUAT SO
Lay diu Quét mau ham hoac Quét trong miéng

Db mau ham thach cao

quét trong miéng

Thiét ké& trén may tinh (CAD)

$

Thiét ké& trén may tinh (CAD)

4 N

A s In 3D hodc phay mau In 3D kim loai Phay
Thiét ké va diéu khac sap (Sép/nhua) (Co-Cr/Ti) (PEEK, Ti)
Duc kim loai Duc kim loai Hoan thién
Hoan thién Hoan thién

Hinh 1. So d6 so sanh cac quy trinh ché tac khung ham thdo 13p tirng phan: Quy trinh truyén théng,
quy trinh lai va quy trinh k{ thuat sé (téng hop tir Alqutaibi va cong su, 2025) [1]
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Mac du nhiéu nghién clru da danh gia cac dac tinh
riéng lé cla tirng vat liéu hoac tirng phuwong phap
ché&tac khung RPD, cac bang chirng hién cé van con
phan tan va chwa duogc téng hop mot cach hé
théng [1]. Pac biét, cic dit liéu so sanh lién quan
dén dé khit sat cia khung ham va cac déc tinh co
hoc cua vat liéu gitta cadc cong nghé ché tac khac
nhau van con han ché va chuva théng nhat trong y
van[1,12,13].

Vi vay, nghién ctru tdng quan nay duwoc thuc hién
nham téng hop va cap nhat cac bang chirng khoa
hoc hién cé vé do khit sat va dac tinh co hoc cla
khung ham thao 13p tirng phan dugc ché tac bang
cac cong nghé khac nhau, tap trung vao cac vat liéu
phd bién hién nay nhu hop kim Co-Cr, titanium va
PEEK. K&t qua clia nghién ctru nham cung cap co s&
khoa hoc cap nhat, gép phan ho tro viéc lwa chon
vat liéu va phuong phap ché tac khung RPD phu
hop trong thyc hanh phuchinh nha khoa hién dai.

2.901 TUQNG VA PHUO'NG PHAP NGHIEN CU'U
2.1.Thiétké nghién ctru

Nghién ciru nay duoc thuc hién dudi dang tong
quan md ta, tap trung téng hop va cap nhat cac bang
chirng khoa hoc lién quan dén céc loai vat liéu va
cdng nghé ché tac khung ham thao I3p tirng phan.

2.2.Chiénlwoctimkiémvasangloc

D{t liéu dwoc thu thap thong qua tim kiém trén cac co
s& dit liéu dién t&r PubMed, Scopus, Web of Science
cho cac bai bao xust ban bang tiéng Anh trong vong
10 ndm trd lai day. Cac tir khda tim ki€m bao géom:
removable partial denture framework, digital
dentistry, 3D printing, CAD/CAM, PEEK. Cac tir khda
duoc két hop bang toan tlr Boolean (AND, OR) dé t6i

Giai doan tim kiém: (n = 327)
Tim ki€m ban d3u trén cac co s& dit liéu
(PubMed, Scopus va Web of Science)

Giai doan sang loc: (n =177)
Sang loc qua tiéu dé va tém tat

Nghién clru duoc dua vao: (n = 44)
Dénh gia toan van

1

Nghién cru dwoc dwa vao téng quan
(n=15)

uu hda két qua tim kiém. Ngoai ra, danh muc tai liéu
tham khao cla céc bai téng quan va cac nghién clru
duoc dua vao phan tich cling duorc ra soét thu cong
nham xac dinh thém cac bai bao lién quan.

Tiéu chi lywa chon bao gém: (1) Cac thir nghiém Iam
sang, nghién cru in vitro va téng quan hé thdng; (2)
Cac nghién ctru so sanh vé do khit sat cla RPD giita
quy trinh ki thuat sé va quy trinh duc truyén théng;
(3) Cac nghién ctru so sanh dac tinh co hoc cia RPD
duwoc chétac bang vat liéu Ti, PEEK so véi Co-Cr.

C4c tiéu chi loai trir bao gdm: (1) Céc nghién ctru
trén dong vat; (2) Bdo cao ca lam sang don 1é; (3)
Céc bai bao khong cé toan van bang tiéng Anh; (4)
Cac nghién clru khéng lién quan dén khung RPD
hodckhong str dung Co-Cr/Ti/PEEK.

2.3.Kétquatimkiém

Ban dau xdc dinh dugc 327 nghién clru tir ba co s&
dit liéu dién tl&r. Sau khi loai bd cac bai trung lap,
con 177 nghién clru dwoc dua vao sang loc tiéu dé
va tém tat. Sau budc sang loc nay, 44 bai bao dwoc
lwa chon dé danh gia toan van. Trong s& do, 15
nghién clru dap &rng day dd cactiéu chichonvaova
dugcduwavaoténg quan (Hinh 2).

2.4.Danh gia chatlwong nghién cliru

Do tinh khdng déng nhat cda céc nghién ciru duoc
Iwa chon (bao gdm nghién ctru 1am sang va in vitro),
nhom tac gia ap dung phuong phap danh gia mo ta
thay vi st dung mot thang diém dinh lvgng duy
nhat. Chat lvgng nghién cliru dugc xem xét dua trén:
(i) thiét k& nghién ctru, (i) ¢ mau va phuong phap
do lwong va (iii) tinh nhat quan gitra cac két qua. Cac
han ché phuong phap luan cla tirng nghién ctu
cling dugc ghi nhan trong phan thdo luan.

Loai b6 cac bai trung 13p (n = 150)

Loai bd cac tieu dé/tom tat
khong lién quan (n = 133)

Loai bé cac bai khéng phu hgp (h = 29)

Hinh 2. So d6 sang loc
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3.KETQUA

Cdc gia tri trinh bay trong cac bang duoc téng hop
tlr cdc nghién clru s dung thiét ké nghién clru va
phuwong phap do khac nhau; do do, cdc so sanh
trong nghién cru nay chi mang tinh twong déi.

3.1. Do khit sat cia khung ham théao lap tirng
phantheo cicquy trinh ché tac

Bang 2 trinh bay két qua do lwdng d6 khit sat cha
khung RPD tir sdu nghién ctru, bao gbm bdn nghién
cttuinvivova hainghién ctruin vitro.

Vé dé khit sat téng thé, cac thlr nghiém |am sang
cla Gan va cong sy (2025) [12] va Zhu va cong sy
(2025) [14] khong ghi nhan sy khac biét cé y nghia
théng ké vé do hé giita khung in kim loai bang cong
nghé SLM va khung duc truyén théng. Tuong tu,
nghién ctru in vitro cia Rokhshad va céng sw (2022)
[13] cho thay dd khit sat clia khung ché tac bang quy

trinh lai (109 + 21 um) twong duwong véi phuong
phap duc truyén théng (103 + 18 um). Tuy nhién,
trong nghién ctru in vitro cha Soltanzadeh va céng
sy (2019) [3], d& h& cha khung duc truyén thong
nhoé hon so véi khung in 3D. Khi xét tai vi tri giai phau
cu thé, thr nghiém |am sang cla Pelletier va cong
sy (2024) [2] bdo cdo phuwong phap duc truyén
théng cho d6 khit sat tét hon cd y nghia thong ké tai
vi tri twa mat nhaiso véi khungin SLS (P =0.009).

Khi so sanh gitra cac quy trinh rng dung ky thuat
s6, nghién ctru 1am sang chéo cha Elgamal va cong
sw (2025) [5] cho thdy quy trinh ki thudt s6 toan
phan c6 d6 hé trung binh nhé hon céy nghia théng
ké so v&i quy trinh lai (P = 0.0125). Trong nghién
clru ctia Ganva cong sy (2025) [12], quy trinh lai (in
3D mau resin sau d6 duc kim loai) ghi nhan do hé
trung binh 1&n nhat (396.7 + 136.9 um) so vdi hai
phuong phdp con lai.

Bang 2. Bang so sanh dd khit sat ctia khung ham thao 13p tirng phan ché tac bang phwong phap k§ thuat s6

va phuong phdp truyén théng

Th-l\’ kn( Y h Y h N h-A A
IeFA € Ql:ytrer\ ‘Quy . Quy t\rﬂm Phwong phap a1, g ,'en .r:u'u
nghién | ky thuat |trinh lai| truyén X Két qua chinh (Tac gia,
. p” . do lwong .
cru | sO(um) | (um) [thong (um) Nam)
— e LA Khong cé si khac biét cé y .
3700 | 3967 | 3518 |otsiiconevaphantich 0 <o kegitakhung | oon V@
chonglép3Dbangphan | 2., .. .. " e cdng su,
+111.3 (£1369| +1174 | . . . ky thuatso va truyén thong;
mém Geomagic Studio e e o x 2025[12]
quy trinh lai c6 do ho I&n nhat
Lot silicone va phan tich Ehﬁ;gt;%rslulfga?ﬁ:ﬁ;zy Zhu va
3023° | - | 2748 |chonglop 3D bingphan [ B1'@ ONEXEEIUAKNUNE -\ o0 oy
> “ . . in SLM va duc truyén thong
Tho mém Geomagic Studio 2025 [14]
- (P=0.172)
nghiém Ky thuat 3 [3n quét (quét
lam sang yIhtatS1an g aue’ Quy trinh ky thudt s6 cho dd| Elgamal
101 112 trong miéng kéthopquét |, ’ . ° . . A
- RN «__ |h& nho hon dang ké sovédi | va cong sy,
+13 +18 khung) va phéan tich chong uy trinh lai (P =0.0125) 2025 [5]
|6 3D bang Medit Compare! auy e
LSt silicone, cit lat cat Phuong phap duc truyén .
. R Cx e N Pelletier
398 176 ngang va do ludng vi phaufthong cho d6 khit sat tot < A
- o b iRt A 3 LRt e va cOng su,
+45 +41 |duwdikinh hiénvidiéntly |hondangké taivitritua 2024 [2]
quét (SEM) mat nhai (P =0.009)
Quét 3D va phantich Do khit sat tvong duong Rokhshad
109 103 “ e Ln - i ) N . .
Nehién - £91 +18 chong I&p bang phan mém |nhau gilta quy trinh laiva va cOng sy,
iulu - - Geomagic Control X truyén théng 2022 [13]
L Quét 3D va phantich Phuwong phdp ductruyen  |Soltanzadeh
in vitro 150 27 " s N A, v el ) . .
+13 - + 40 chongl&p bang phan mém théng cho thay d6 hd nho | va cong su,
B B Geomagic Control hon so v&ikhunghamin3D | 2019 [3]

Chdu thich: Gid tri biéu thj dé hé trung binh (um) gitta khung va mé ndng d&; Dt liéu durgc trinh bay dudi
dang trung binh + dé léch chuén; (*): Di¥ liéu duworc trinh bay dudi dang Trung vi, Ddu “~”: Khéng durg'c dénh
gid/bdo cdo trong nghién ctru
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3.2. Dic tinh co hoc vat liéu va anh hwdng cia cdng nghé ché tac

Bang 3. So sanh dic tinh co hoc clia vat liéu khung ham thao 13p tirng phan (RPD) theo phuwong phép ché tac

. Pic tinh Phay Truyén S A "
Vat liéu co hoc In 3D CAD/CAM théng Y nghia lam sang Nguon
. ! Alageel
D6 bén kéo |1,626-1,686) : 1462 (Btic) In 3D tao cau truc dac khit VA Bne su
(MPa) | (SLS/DMLS) - ting d6 bén khung 2N st
2018 [6]
Src kh Khung in ki loai chiu tai | 26%
¢ khang B ung in kim loai chiju tai Lo
moi (%) | 328911 24 chu ky 6t hon va cong su,
2018 [6]
Husseiny
Co-Cr s hh va cong su,
o Méc duc gilr manh ban
8.65 ’ T :
Ll’:]:;:L(JNg)Iu . . - 4.5-36.04 |dau nhung giam nhanh; Vgg(?:nz]éu
$0.65 mac in n dinh hon
va cong su,
2023 [11]
N . . Husseiny
bo kl)len dang 0.06 _ 016 Ir?x3D f,zlam blenldang vinh vA cong su,
mac (mm) vién cla tay méc
2026 [7]
Do bén kéo SLM cho d6 bén kéo Wang va cong
(MPa) 694.4 (SLM)| 4281 4457 |0 s, 9022 [8]
A DO clrng cao giup tang Wang va cong
Po cing (HV)| 402 152.9 181.7 héng bién dang s, 9022 [8]
N Phay cho bé& mat nhan .
Titanium| P4 4 8 i ° o
Donhambe| o 1o, 081| 0.83+0.27 | 249-3.10 |nhit; khung in can Tan vacong
mat (um) , , sy, 2019 [9]
danh bong
Khong h dtic d& xust hié Maruo va
poréxdp | Thap b Cao | :gs ;;ié;’(;g bé'fn cong su,
phat hien ' 2022 [10]
Do bénudn | 1409+ 16| 1oy g4l 1480441 Zgag‘é?féf /222 (\:/20 Guo va cong
(MPa) (FDM) e R o sw, 2022 [4]
dong nhat
D6 bén nén Ep nhya cé thé tao bot khi| Guo va cong
i 141.7+6.6| 147.9+1.8 (119.0+154 N L '
(MPa) 9+18 - giam co tinh sy, 2022 [4]
PEEK
El-Baz va cong
. . . sy, 2020 [15];
Lyc luu gity Moc PEEK phay duy tri Iy " !
e L(’Ng)' - 2711048 | ~as53+ |00 " P VIS vaddamanu
maoc gilr on din va cOng su,
2023 [11]
Chu thich béng:

*Lwee lwu gilt sau thir nghiém maoi ]
**Gid tri luc lwu giltt sau mé phong 24 thdng thdo lap chu ky
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Bang 3 trinh bay sy khac biét vé cic dac tinh co
hoc cla ba loai vat lieu khung ham théo 13p tirng
phan (RPD) gdbm hop kim Co-Cr, titanium va PEEK
khi duwoc ché tac bang cic quy trinh khac nhau.
Cackétquachinhbaogbm:

Da4i vdi hop kim Co-Cr, nghién ctru cha Alageel va
céng su (2018) [6] ghi nhan céc khung ché tac
bang cong nghé in kim loai bang laser (SLS/DMLS)
dat d6 bén kéo trong khoang 1626 - 1686 MPa va
strckhdng mdi89.6-91.1%, trong khicdc mau duc
truyén thdng ghi nhan théng s nay chi & khoang
1,462 MPa va strc khdng moi 25.4%. Vé dac tinh
Iwu gilt cha tay moc, cac thir nghiém ctia Husseiny
va cong su (2026) [7] va Vaddamanu va céng su
(2023) [11] cho thdy mdc duc cé luce lwu gilr ban
dau cao (Ién dén 36.04 N) nhung déng thoi ghi
nhan mic d6 bién dang vinh vién 1&n hon (0.16
mm). Nguwoc lai, méc ché tac bang cdng nghé in
kim loai (SLM) duy tri lyc lwu gitt 6n dinh (8.65 +
0.65 N) v&i mirc bién dang thap hon (0.06 mm).

DGi vaéi titanium, danh gid cda Wang va cong sy
(2022) [8] cho thay cac khung ché tac bing cong
nghé SLM dat d6 bén kéo 694.4 MPa va dé clirng
402 HV. Trong khi d6, nghién ctru chia Tan va cong
sy (2019) [9] ghi nhan khung titanium ché tac
bang phay CAD/CAM cé dd nham bé mat thap
nhat (0.83 +0.27 um), trong khi bé mat cta khung
in3D cé d6 nhdam cao hon (9.09 £0.81 um). Ngoai
ra, Maruo va cdng sy (2022) [10] bédo cdo rang
khong phat hién rd x8p trén cac khung titanium
phay cat, trong khi cdc mau duc truyén théng ghi
nhan sy hién dién cta rd xdp vimo.

D4i vdi PEEK, nghién clu cda Guo va cdng sy
(2022) [4] cho thay cac mau ché tac bang phay
CAD/CAM dat d6 bén udn (158.7 + 1.4 MPa) va dd
bén nén (147.9 + 1.8 MPa) cao hon so vdi céac
phuwong phap ché tac khac. Cong nghé in 3D dang
dap |&p (FDM) ghi nhan d6 bén uén 140.9 + 1.6
MPa, trong khi phuwong phdp ép nhua truyén
théng ghinhan dé bénnénthadphon(119.0+15.4
MPa). Vé dac tinh lwu gitt cda tay mdc PEEK,
Vaddamanu va cong sy (2023) [11] bdo cao luc
Iwu gilt cla méc phay CAD/CAM dao dongtir2.71
dén 10.48 N. Trong khi d6, El-Baz va cdng sy
(2020) [15] ghi nhan lyc lwu gilr cha mdc ép nhya
giam xuéng khodng 4.53 N sau mé phong chu ky
thdoldp tuwong duong 24 thang sirdung

4.BAN LUAN
Lwu y vé tinh khéng d6ng nhat cha dit liéu: Trudc
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khi phan tich chi tiét, can lwu y rang cé su khong

dong nhat dang ké gitra cdc nghién ciru dwoctdng

hop trong baiviét nay [1]. Swkhacbiét nam &:

1. Phuong phap do luvong: Cac nghién clru st
dung nhiéu ky thuat khac nhau dé danh gia do
khit sat, tir k§ thuéat |6t silicone truyén théng,
kinh hién vi quang hoc dén cac phuwong phap ky
thuatsd hién dainhuw quét 3D va chdnghinh.

2. Thiét k& mau thir: Mot s nghién clru danh gia
trénmodcdon1é, trong khisé khacdanh gid trén
khung ham toan bd hodc céc thiét ké Kennedy
khacnhau (ngan so vaidai).

3. Théng s6 ché tac: P6i védi nhédm in 3D
(SLM/SLS), cac thdng s6 nhu dd day 16p in (30 -
50 um), céng suat laser va dac biét Ia dinh
hwdng in (0°,45°,90°) thay d&i tuy theo nghién
ctru, anh hudng tryc ti€p dén dé chinh xac va
cotinhsanpham.

Do d6, cac s6 liéu so sanh dudi day nén duoc dién
gidi nhu nhirng xu hudng téng quat vé hiéu suat
cla vat liéu va ky thuat, thay vi cac khang dinh
tuyét ddive sy vuottroidinh lugng.

4.1. Do khit sat cta khung ham thao 1ap tirng
phantheo cadcquytrinhchétac

Do khit sat cia khung ham thao I3p tirng phan 13
yéu t6 quan trong quyét dinh sy &n dinh sinh co
hoc cta phuc hinh, gép phan han ché sang chan
Ién rang tru va md nang d&. Téng hop cac nghién
cru trong y van cho thay d6 h& cda khung RPD
duwoc ché tac bang cac phuong phap khac nhau
phan |&n vAn ndm trong ngudng chap nhan lam
sang (khoang 50-311 um), mac du tén tai sy khac
biétnhatdinh gitra cdcquytrinh [3,12].

Cac nghién clru gan day cho thay cdng nghé ché
tac ky thuat sé toan phan, dac biét la in kim loai
truc ti€p bang laser (SLM), cé thé dat do khit sat
twong dwong phuwong phdp duc truyén théng.
Gan va cong sy (2025) [12] va Zhu va cOng sy
(2025) [14] ghi nhan khbéng c6 su khac biét cé y
nghia théng ké vé do khit sat téng thé gitta khung
in SLM va khung duc Co-Cr. Diéu nay cho thdy céng
nghé in kim loai hién nay d3 dat d6 chinh xac dd
cao dé (rng dung IAm sang. Hon nita, nhirng sai
léch nho & mirc vai chuc micromet thuong khéng
anh huwdng dang ké trén 1am sang, do kha nang
dan hdisinh ly cda niém mac cé thé bu trir cho céc
khoanghd&vimo[5,12].
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Tuy nhién, mot s6 nghién cru van ghi nhan khung
ductruyénthéngcd dd khitsattot hontaicacvitri
gidi phau quan trong, nhu twa mat nhai hodc
thanh ndichinh [2, 3]. Su khac biét nay cé thé lién
quan dén cdc sai s6 ndi tai cia cdng nghé in boi
dap, bao gdbm hién tugng co ngét nhiét va bién
dang trong qua trinh lam ngudi kim loai sau khi
nungchay[1,12].

M6t diém dangchuy khacla quytrinhlai-kéthop
gitra ky thuat s6 va quy trinh duc truyén théng -
thuwong cho d6 khit sat kém hon so véi hai phuwong
phap con lai. Elgamal va cong sy (2025) [5] va Gan
va cdng sy (2025) [12] cho thay quy trinh nay dé
xay ra hién tugng tich iy sai sé qua nhiéu budc
trung gian, bao gdm in mau resin/sap, gian né vat
liéu bao duc va co ngét kim loai khi dic. Do d6,
néu 4p dung céng nghé sb trong ché tic khung
RPD, viéc s&r dung quy trinh ki thuat s6 toan phan
(SLM hodc CAD/CAM) c6 thé mang lai d6 chinh xac
caovadndinhhon[1].

4.2. Dac tinh co hoc ctia vat liéu va anh huwéng
chiacongnghéchétac

Dic tinh co hoc cla vat liéu, bao gdm dd bén kéo,
strc khang mai, luc lwu gilr va d6 bién dang, la
nhitng yéu t6 quyét dinh dén tudi tho va kha ndng
chiu tai ctia khung RPD trong méi trwdng miéng.
Téng hop cac nghién ciru cho thay cong nghé ché
tac cé anh hudng dang ké dén ciu tric vimo cla
vat liéu, tlr d6 1am thay déi hanh vi co hoc cla
khung phuchinh [1].

Dai v&i hop kim Co-Cr, cdng nghé in kim loai bang
laser (SLM/SLS) cho thdy nhiéu vu diém so vdi
phuwong phap duc. Theo Alageel va cong s (2018)
[6], qua trinh nung chay bot kim loai bang laser
tao ra cau tric vi mé hat min va dac khit, gilp
khung in 3D dat d6 bén kéo va sirc khang méi cao
hon so véi khung duc truyén théng. Khi danh gia
hiéu qua cla tay mdc, Husseiny va cong su (2026)
[7]1 ghi nhdn méc Co-Cr duc ¢é xu hudng giam luc
lwu gilt va xuat hién bién dang vinh vién 1én hon
(0.16 mm) sau nhiéu chu ky thao Idp, trong khi
maécin SLM duy triluclwu gitt dn dinh honva cé d6
bién dangthap hon (0.06 mm).

Da4i vai titanium, cdng nghé SLM cho dd bén kéo
va dd cirng cao nhat so vdi cac phwong phép ché
tac khac [8]. Tuy nhién, nhuoc diém cia khung
titanium in 3D 1a @6 nham bé mat cao, do cac hat
bét kim loai thiéu két khéng hoan toan bam trén
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bé mat [9]. Nguoc lai, phay CAD/CAM tur phdi
titanium déc tao ra bé mdt nhdn hon dang ké va it
khuyét tatvatliéu. Ngoaira, dotitanium phan &rng
manh v&i oxy & nhiét d6 cao, quy trinh duc truyén
thong thudng tao ra nhiéu 16 rd x8p, 1am suy giam
cotinhchavatliéu[10].

DGi véi PEEK, phuong phap ché tac déng vai tro
quan trong trong viéc quyét dinh co tinh cla vat
liéu. Theo Guo va cong su (2022) [4], PEEK phay
CAD/CAM tir phdi cdng nghiép cho d6 bén udn va
dd bén nén cao nhat, trong khi phuong phap ép
nhua hodcin 3D dap |&p cé thé tao ra khuyét tat vi
cautriclam gidm cotinh. Do dactinh dan hoicda
polymer, lwc lwu gilt cia tay moc PEEK thuong
thadp hon kim loai, tuy nhién vidn nam trong
ngudng chirc ndng lam sang khodng 3 -7.5N[11,
15]. P& dam bao hiéu qua lvu gilt, nhiéu tac gia
khuyén cdo thiét ké moc PEEK day hon va dat &
vunglemsauhonsové@iméckimloai[11].

4.3. Khuyén nghjlam sang trong lwa chonvatliéu
vacdngnghé chétac

Céac bang chirng hién cé cho thay cong nghé ché
tac k§ thuat s6 cé tiém nang cai thién cad do khit
sat cia khung RPD va dac tinh co hoc cta vat liéu,
tir d6 ho tro lya chon phuong phap diéu tri phu
hop cho tirng tinh hudng Iam sang [1]. Nhiéu
nghién ctru ghinhan khung hop kim Co-Crché téc
bang cdng nghé in 3D SLM ¢ d6 chinh xac hinh
hoc va strc khang moi cao hon so véi phuong
phdp duc truyén théng [6, 7]. Trong khi d9¢,
titanium phay cat CAD/CAM duogc danh gia cao
nho tinh twong thich sinh hoc va kha nang han
ché& khuyét tat vi cau trdc cha vat liéu duc [9, 10].
Ngoai kim loai, PEEK phay cdt CAD/CAM mang lai
lgi th€ thdm m{ va mé-dun dan hdi thap, tuy
nhién can than trong khi chi dinh & cac truong
hop mat rang tru phia sau do nguy co tang ap luc
Ién niém mac séng ham [4, 11]. Do d9, viéc lva
chon vét liéu va cdng nghé ché tac can dua trén
dac diém sinh co hoc cla tirng bénh nhan. Cac
nghién ctru 1am sang dai han van can thiét dé xac
nhan hiéu qua cha cac quy trinh ché tac kj thuat
sdtrong phuchinhthdolip[2, 14].

4.4.Han ché&vahuwdngnghién ciru twong lai

Mac du nhiéu nghién clru d3 ddnh gid do khit satva
dac tinh co hoc cla céc vat liéu va cong nghé ché
tac khac nhau, phan 1&n bang chirng hién nay van
duwa trén cac nghién clru in vitro. Nhitng nghién
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ciru nay khong thé tai tao hoan toan méi truong
miéng phtrc tap, bao gdm Iwc nhai thay d6i, diéu
kién 4m, mai mon va cacyéu td sinh hoc khac.

Ngoai ra, sy khac biét vé thiét ké nghién cru,
phuwong phap do luvdng va tiéu chi danh gia gitra
cacnghiénctru cling gdy kho khan choviécsosanh
truc ti€p két qua. Do d6, cac nghién clru |dm sang
vdi thoi gian theo d&i dai han van can thiét dé
danh gid chinh xac hiéu qua cta cdccéngnghé ché
tackythuatsdtrongphuchinh RPD.

5.KETLUAN

Trong gi¢i han cla bai tdng quan nay, dya trén cac
bang chirng hién cd, cé thé rat ra mot s& nhan
dinhchinhsau:

Vé do khit sat va quy trinh ché tac: Cac quy trinh
ché tac ki thuat sé toan phan, ddc biét 1a in kim
loai tryc ti€p bang laser (SLM/SLS) va phay
CAD/CAM, cho thdy kha ndng dat d6 khit sattrong
gidi han chap nhan lam sang va trong nhiéu
nghién clru cho két qua tuvong duong vdi phwong
phép duc truyén thdng. Nguoc lai, cac quy trinh
lai k&t hop in mau nhya va dic kim loai cé xu
huwdng lam tang su tich Iy sai s6 trong cac budc
trunggian.

Vé vat liéu va dac tinh co hoc: Céng nghé ché tac
c6 anh huwdng dang ké dén ciu tric vimo va dac
tinh co hoc cla vat liéu. Mot sd nghién clru cho
thay khung hop kim Co-Cr ché tdc bang cong
nghéin kim loai cé kha nang khdng madiva duy tri
lwc lwu gilt ctia tay moc cao hon so vdi phuong
phdp duc. D6i véi titanium va PEEK, phuong
phdp phay CAD/CAM nguyén khéi thudng gilp
hanché&khuyéttatvatliéuvacaithiénchatluong
bé mat.

Vé thiét ké va chi dinh 1am sang: Sy khac biét vé
moé-dun dan hoi gitra cac vat liéu doi hdi phai diéu
chinh thiét k& khung phuc hinh phu hgp. D4i vdi
PEEK, do m&-dun dan hoi thadp hon kim loai, thiét
k& tay méc can dwoc diéu chinh nham dam bao
lwe lwu gitr 6n dinh va phan bé luc hop ly trén mé
nangdao.

Hudéng nghién ciru tuong lai: Phan 1én céc bang
chirng hién nay van dya trén nghién ctu in vitro
hodc cdc nghién ctru 1am sang vé&i thoi gian theo
ddi ngan. Do d6, cac thlr nghiém 1am sang ngau
nhién c6 déi chirng vai thoi gian theo ddi dai han
van can thiét dé danh gia toan dién hiéu qua va do
bén clha céc vat liéu cling nhu céng nghé ché tac
mditrong phuc hinh thdo 13p tirng phan.
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Removable partial denture frameworks in the digital era:
A review of materials and manufacturing techniques

Van Hong Phuong, Pham Nguyen Quan, Trinh Minh Tri

ABSTRACT

Background: Conventional removable partial denture (RPD) frameworks made of cobalt-chromium (Co-
Cr) alloys are typically fabricated using the lost-wax casting technique. This process relies heavily on
manual procedures and may introduce inaccuracies that affect the fit and mechanical properties of the
prosthetic framework. Advances in digital dentistry, including metal 3D printing and CAD/CAM milling,
together with emerging materials such as titanium and polyetheretherketone (PEEK), have introduced
alternative fabrication approaches. Objectives: To summarize current evidence regarding the fit accuracy
and mechanical properties of RPD frameworks fabricated using conventional, hybrid, and fully digital
workflows with materials including Co-Cr, titanium, and PEEK. Materials and methods: A descriptive
narrative review was conducted by searching the PubMed, Scopus, and Web of Science databases over
the past 10 years. Fifteen studies, including in vivo, in vitro, and systematic reviews, were selected from an
initial pool of 327 articles for analysis. Results: Fully digital workflows demonstrated fit accuracy
comparable to conventional casting, whereas hybrid workflows tended to accumulate errors. Three-
dimensionally printed Co-Cr frameworks showed improved fatigue resistance, while CAD/CAM-milled
titanium and PEEK frameworks exhibited smoother surfaces. However, PEEK clasps generally
demonstrated lower retentive forces than metal clasps. Conclusion: Digital fabrication technologies and
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alternative materials show promising potential for clinical application in RPD prosthodontics.
Nevertheless, further long-term clinical studies are required.
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