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ky (83,3%).
- C6 mai lién quan gilta mic d6 thi€u mau véi
tinh trang dinh duGng cda bénh nhan.
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SAN XUAT THUGC BANG CONG NGHE IN 3D FDM
PHAN 1: NGUYEN LY VA QUY TRINH HOAT PONG

TOM TAT

In 3D la cong nghe tao vat thé 3 chiéu c6 nhiéu
trién vong trong viéc bao ché thuoc ca nhan hda dap
u‘ng nhu cau diéu tri riéng biét cung ting ngu’dl bénh.
Cong ghe nay dong thai cho phep bao ché cac dang
thudc Vi I|eu lugng chinh xac, co cau truc phurc tap
klem soat glal phong chi bang mot vai cai nhap chuot
may tinh. Ba| tong quan nay trinh bay mdt cach co hé
thong nguyén ly cdu tao, cd ché hoat doéng clia may in
3D Ung dung pho bién trong nghanh Dugc. Bén canh
dod, bai viét mo ta chi tiét quy trinh tLrng budc tao ra
mot vat thé bing ki thudt in 3D dua trén nguyén ly
FDM (fused deposition modeling).

Tur khoa: Cong nghé in 3D, thudc in 3D, ca nhan
hda diéu tri.
SUMMARY

APPLICATION OF 3D FDM IN
PHARMACEUTICAL FORMULATION
DESIGN: OPERATION FUNDAMETAL AND
TECHNICAL CHALLENGES

3 dimension (3D) printing was utilized, for the first
time, as a manufacturing platform for fabrication of
pharmaceutical dosage forms in 2000 [1]. However,
not until the first approval of Spritam by US. FDA in
2015, application of 3D printing in pharmaceutical
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sciences gained its growing interest. The technology is
involving in the layer-by-layer deposition of materials
to fabricate 3 dimension objects according to a digital
model. The American Society for Testing and Materials
(ASTM) classified 3D printing technology into 7
categories, namely material extrusion, material jetting,
powder bed fusion, binder jetting, vat
photopolymerisation, sheet lamination and directed
energy deposition. 3D fused deposition modelling
(FDM), a material extrusion based technique, is the
most researched technique owing to its simple, low
cost and highly flexibility. FDM allows to fabricate
various dosage forms with highly complex geometries
that offer a great potential to customize drug release
profiles. This paper reviewed systematically the
technical fundamental, requirements, step by step
procedure and critical parameters of a 3D FDM process.

Keywords: Three-dimension (3D) printing, 3D
printed drugs, fused deposition modeling, material
extrusion.

I. DAT VAN PE

In 3D la mot mot nén tang c6ng nghé mdi
Ung dung trong nhiéu linh vuc san xuat va céng
nghiép khac nhau. Ung dung cong nghé in 3D
trong nghién ctu bao ché va san xudt dugc
phdm nhan dugc nhiéu su’ quan tdm trong gan
mot thap ky gan day, dic biét 1a ké tir khi Cuc
quan ly thudc va thuc phdm My (US. FDA) phé
duyét thudc Spritam- thuGc in 3D dau tién vao
nam 2015. Cong nghé in 3D cho phép ché tao ra
nhitng vat thé that theo ding mé hinh 3 chiéu
dugc thiét ké trén may tinh vdi do chinh xac cao.
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Trong cac ky thuat in 3D, ky thuat tao mé hinh
bang boi dap-lién két (fused deposition modeling
- FDM) dugc dac biét quan tam bdi kha ndng
Ung dung rong rai va tiét kiém han cac ky thuat
in 3D khac. Trong linh vuc khoa hoc dugc, ky
thudt nay da dugc (ng dung dé thiét k& va bao
ché nhiéu dang thudc khac nhau, tir cac thudc
giai phéng nhanh dén cac thudc giai phéng co
kifm soat. Péc biét, kj thudt nay dd chling to
dudc cac uu diém vugt trdi trong viéc tao ra cac
dang bao ché phurc tap, gan nhu bat kha thi doi

1. Nguyén tic ciu tao cua may in 3D FDM

Cudn filament

Motor kéo -2

——+ BO dét

Dau in

V@i cac k¥ thudt bao ché truyén théng. Thém vao
do, ky thuat nay dac biét phu hgp véi mo hinh
cham soc y t€ dién tir, khi ma thudc dudgc ca
nhén hda theo nhu cau diéu tri cla tirng ca thé.
V@i muc tiéu ti€p can va dan (ng dung ky thuat
in 3D trong linh vuc dugc phadm, bai viét nay
trinh bay mot cach cé hé thdng nguyén ly cau
tao, cd ché hoat dong ctia cac may in 3D. Pong
thaoi, bai viet mo ta chi tiét tirng budc quy trinh
tao ra mot vat thé bang k¥ thuét in 3D dua trén
nguyén ly FDM.

B6 dun filament

Khung d&

=
Motor —— &8

Ban in & __’_Bﬁ

Bo mach chua

Man hinh

Motor diéu khién hién thij B

Hinh 1: So db nguyén tic cac bé phén chinh trong mdy in 3D FDM (A) va cdu tao cda mot may in

3D FDM don gian (B)

Ban in (d€ in): la ngdi I6p in dau tién dinh két,
la gid d& cho vat trong qua trinh in.

_bau in: La nai lam néng chay cac sdi in va
dan vat liéu in chay ldng bdi dap 1én I8p in trudc
véi mot téc d6 hang dinh.

bun filament: La hé théng gébm cac b phan
kéo, dan filament vao dau in; b0 d6t ndng
filament va ddy muc in tao cac I8p trén ban in.

Cac Motors: Thudng cé 3 motor hoat dong
ddc 1ap phéi hop diéu khién chuyén déng cla
dau in va ban in trén 3 truc x, y, z theo hanh
trinh da dudc lap trinh san.

Bd vi x(r ly: La trung tdm x{ ly chuyén d6i cac
thdng tin v& ciu tao cla vat thé thanh cac 1énh
diéu khién bd dun filament, dau in va ban in. BO
vi XU ly c6 thé truc tiép diéu khién may in bang
cach 1ay cac dir liéu vé két cdu tU file cat IGp vat
thé dugc luu trong thé SD. P& cd thé thuc hién
cac chiic nang phurc tap han, bo vi xir ly dugc
két ndi va diéu khién bdi mdy tinh théng qua
phan mém da dugc tich hgp san. Viéc diéu khién
toan dién bdng phan mém trén may tinh cho
phép thuc hién qua trinh in linh d6ng han, tao ra
céc vét thé tinh xdo va c6 cau trdc phiic tap hon.

2. Hoat dong cia may in 3D dua trén
nguyén ly FDM.

FDM la qua trinh lam ndéng chay vat liéu in,
bdi ddp ting I6p dé tao thanh ciu truc chi tiét 3

chiéu cta vat thé. Qua trinh nay bao gbm cac
giai doan: 1) Tao sgi in, “muc in 3D", tIr cac vat
liéu thich hop; 2) Thiét k& vat thé&; 3) Chuyén
dinh dang tép hinh anh 3 chiéu sang dinh dang
tép chlra cac thong tin vé vi tri theo ting I6p; 4)
Nap nguyén liéu dudi dang sgi in; 5) In vat thé
theo mé hinh; va 6) Hoan thién san pham [2].

*Thiét k€ mé hinh 3 chiéu: Vat thé in dugc
thi€t k€ hinh dang, kich thudc, chi tiét cau trac
bén trong trén cac phan mém thiét ké do hoa 3
chiéu nhu AutoCAD, Sketchup hoac may quét 3
chiéu (3D scanner).

*Chuyén dinh dang file thiét ké: Trudc khi co
thé in thanh cac vat thé, file d6 hoa 3D phai
dudc chuyén sang dinh dang I8p bang cac phan
mém cat I6p vat thé (slicing software). Cac may
in 3D cd thé thuc hién in truc tiép tir file thiét k&
theo 18p dugdc nap vao bd xr ly ciia nd thong
qua thé SD hodc c6 thé dugc diéu khién bang
phan mém in 3D dudc cai dat trén may tinh. Sau
khi ti€p nhan thong tin tU file thiét k&, bo vi xr ly
clia may in sé tinh toan va thiét k€ dudng di cla
dau in cho moi I8p in.

*Tao soi in (filament): Trong bao ché thudc
bang céng nghé in 3D FDM, tao sgi in filament la
budc dau tién va rat quan trong. N6 quyét dinh
chét lugng clia san pham va tinh kha thi clia qué
trinh in cac dang bao ché. Giai doan nay cho
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phép phéi hop dugc chat vdi cac td dugc dé tao
a “muc in” (hay filament). “"Muc in” cho may
FDM la cac sgi hinh tru, c6 dudng kinh dong
nhat, phu hgp véi ting loai thiét bi in. Cac may
in thugng mai thudng dugc thiét k€ dé in cac
filament c6 dudng kinh 1,75mm hodc 2,85mm.
Dugc chat c6 thé dugc phdi hop vao cac
filaments bang hai phuong phap dé la: thdm
dugc chat vao cac filaments c6 san va dun néng
chay (hot melt extrusion).

- Phudng phap th& nhat xuat phat tir cac
filaments da dudc thudng mai hda. Pay la cac
sgdi dun dugc lam tir cac nguyén liéu polymer
(ph6 bién 1a PBS, PLA, PVA...) va cac chét phu
gia. Filaments thugng mai dudc ngam trong
dung dich dugc chat dugc hoa tan trong dung
mdi thich hgp khong cd kha ndng hoa tan cac
thanh phan cua filament thuong mai [3]. Trong
thdi gian ngam, dugc chat sé khuéch tan vao
trong filament. Sau khi dat dén trang thai can
bang, filament dugc I8y ra va bay hai dung moi
G diéu kién thich hdp. Phuong phap nay co uu
diém 13 khéng can trang bi mét thiét bi chuyén
dung, dat tién d€ dun sgi filament. Cac filaments
cd do dong nhat cao, cé kich thudc va cac tinh
chat cd hoc thich hgp cho qua trinh in. Tuy
nhién, phuong phap nay ¢ nhudc diém 13 ch(a
ty 1€ dugc chat rat thdp (thudng nho haon 2%)
nén chi phu hdp cho cac thubc co liéu dung rat
nhd [4]. Qua trinh dua thuGc vao sgi in ton thdi
gian va cd nguy cd vugt gigi han vé ton du dung
mdi. Thém vao dd, cac nguyén liéu dung dé san
xuét sdi in cé thé khdng dugc kiém soat theo cac
quy dinh cla san xuit dugc phadm. Mét trong
nhitng nhugc diém 16n cla cach tiép can nay la
nhiét do in tuong doi cao lam han ché kha nang
ap dung cho nhiéu loai dugc chat.

- Phuong phap thr 2, xudt phat tr cac
nguyén liéu dugc chdt va cac td dugc & dang
bot, hat hoac pellets. Hon hgp vat ly clia cong
thirc bao ché “muyc in” " dugc chuyén lién tuc vao
may dun ndng chay dé san xuét cac sdi in theo
quy trinh dién hinh nhu mé ta dudi day. Pun
néng chay la phuong phap dugc &p dung phd
bién nhat trong cac nghién clu Ung dung ky
thuat in 3D trong bao ché thubc. Phuong phap
nay c6 uu diém 1a cé thé thay 60| thanh phan
cong thifc bao ché linh dong va dé dang, cé thé
ap dung dudc véi nhiéu loai dugc chat. Ty |é
dugc chét trong filament cao, co thé lén dén
50% [5], m& ra kha nang ap dung cho rat nhiéu
dugc chat. Phuong phap dun nong chay tiét
kiém thdi gian, khong sir dung dung moi va dugc
chét it tiép xdc vdi mdi trudng, dong thdi cd thé
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thuc hién tuan thu cac quy dinh GMP trong san
xuat dugc phdm. Viéc xdy dung cdng thdc bao
ché sgi in can tinh dén viéc ddm bao cac tinh
chat ca ly cta filaments phu hgp vdi qua trinh in
3D. Tinh chéat luu bién cia muc in ndng chay
cling can dudc t6i vu hda dé dam bao dd bén ca
hoc, tinh chinh xac v8i mo6 hinh va d6é phan giai
phu hgp v@i cac dang bao ché. Quy trinh san
xuat filament theo phugng phap dun néng chay
bao gébm cac budc:

1) Tao hon hop vat ly clia cac nguyén lidu cd
trong cong thuc.

2) Cap tUr tUr hon hdp vat Iy vao may dun
noéng chdy, tai dé nguyén liéu sé trd nén mém
hodc néng chay dudi tac dung clia nhiét ti€p tuc
dugc dong nhat hoa va nén ép trong 6ng dun
(barrel) dudi tac dong cua truc vit.

3) Nguyén liéu néng mém (molten state) s&
dugc truc vit dun ép qua khudn dét & cudi 6ng
dun cé dang mot 10 tron véi dudng kinh phu hop
dé tao ra cac filament.

4) Cac sgi dun khi vira ra khéi khudn con & co
thé chit mém, cd thé kéo dan, dugc chuyén lién
tuc trén moét bang chuyén dong bd hoda vdi toc
ddé dun. Trong qua trinh di chuyén trén bang
chuyén, cac sgi dun dugc lam ngudi dan, dong
ran tao sdi in.

5) Céc sgi dun c6 thé dugc thu gom thanh
cudn tron bang cach st dung thiét bi cubn sgi.
Sau dd, chiing dugc ddng gdi va bao quan can
than trong d6 bao goi phu hgp.

*Cdc yéu cdu cua filaments:

Céc sdi in phai dong nhat va cd kich thudc
phu hdp véi bd phan dan - day filament va dau
in cta thi€t bi. Bong thai ching cung phai cé bé
mat nhan, it ma sat, d6 cing, kha ndng dan hoi
gilp filament di vao dau in dé dang, khong bi
bién dang dudi luc ddy cia bd dun nhdm dam
bao tinh dong nhat trong su6t qua trinh in. Quan
trong han, muc in phai cé nhiét d6 nong chay —
dong ran va tinh chat luu bién khi ndng chay
phU hgp nham gilp tao lién két tét gitra cac I6p
in va dam bao d6 chinh xac vé két cau, hinh
dang san pham [6]. Cac tinh chat va dd tudng
thich cua filament véi qua trinh in 3D can dugc
danh gid nham dam bao qua trinh in dugc dién
ra théng su6t [7].

*Chu trinh hoat dong cua may in 3D FDM

PE thuc hién qua trinh in, trudc tién, ban in
phai dugc can bang va filament_phai dugc nap
vao may in thong qua mot 6ng dan nhd bo phén
dun sgi dugc tao bdi hai banh rang quay ngugc
chiéu nhau (Hinh 1A). Khi hoan tat viéc cai dat
cac thong s6 in nhu trinh bay trong Bang 1, thiét
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bi in 3D s& khdi dong va can mét khoang thdi
gian dé dat can bang nhiét d6 cua dau in va ban
in. Sau thd@i gian 6n dinh, dau in sé tu ha thap

dén khi cach ban in mét khoang ding bang
chiéu cao clia mai I8p in, san sang cho viéc in
I6p dau tién.

Bang 1: Cic théng s6 diéu khién qua trinh tao vét thé biang céng nghé in 3D FDM

1T Thong s6 Y nghia ctia thong so
1 Toc do cap sdi in (Feeding Cai dat t6c d6 dun sgi in, dugc dong b hoa vai toe do di
speed) chuyén cua dau in.
2 TOc do rut filament (Filament Cai dat téc do ruat filament khi dau in gap khoang trong
retraction speed) trong mo hinh vat in.
3 MUrc do rat filament (Filament Cai dat murc do rat filament khi dau in dén khoang tréng
retraction) trong mo6 hinh hoac thay déi muc in.
4 Kich thudc filament (Filament | Cho phép tuy chinh theo dudng kinh thuc t& cla filament dé
diameter) dong bo hoda vdi toc do in
5 Nhiét do in (Print head Cai dat nhiét d6 cta dau kim loai noi lam ndng va chuyén
temperature) muc in tU trang thai ran sang trang thai chay long.
6 Nhiét do ban in (Platform Cai dat nhiét d6 cla bé mat ban in, nai I6p in dau tién tiép
temperature) xuc.

T6c d6 di chuyén dau in
(Print head velocity)

T6c dd di chuyén theo chiéu dai hanh trinh cta dau in

Toc d6 quat (Fan speed)

Cai dat toc do quat lam mat bé mat vura in.

Mau hinh mai I16p in (Print
pattern)

Cai dat dang hanh trinh cia dau in trén mai I8p in, cd thé
vong hudng tam, dudng zic zac, hinh caro ...

10 | Do I&p day san pham (Infill)

Quy dinh % khong gian bi chiém cho bdi nguyén liéu in &

bén trong vét thé.

D0 day I6p bao ngoai vat in

11 (Shell thickness) Bé day I8p bao dac khit ngoai cung cua vat thé.
D0 day I8p in (Layer N . A i
12 thickness) D06 day, cua mai I6p in, quy dinh dd phan giai.
Goc nghiéng dudng in (Raster . A e . . ea n
13 orientation) Goc tao bai dudng in thang va truc x cua hé toa do in.
14 Géc nghiéng vat thé khi in Cho phép diéu chinh d6 nghiéng cua vat so véi mat phang

(Build orientation)

clia ban in

Khi nhiét d0 dau in dat gia tri cai dat, qua
trinh in bt d&u véi su’ chuyén déng ngugc chiéu
nhau clia 2 banh rang trong bé phan dun gitp
kéo filament vao may in. Tai phan kim loai cla
dau in, filament dugc lam ndéng chay. Dung dich
néng chay dugc ddy qua dau in kim loai tao cac
I6p trén khay in véi dd day I8p in cd thé cai dit
trong khoang 50-400um. Nhiét d0 cao cla muc
in lam bé mat I8p in cl chay léng va gilp két
dinh vGi I18p in mdi. Chung sé nhanh chéng dong
ran lai ¢ nhiét do thudng hodc cd thém su trg
gidp cta quat lam mat (Hinh 2A). Khi két thuc
moi I8p in, dau in sé dugc nang Ién hodc ban in
sé dugc ha xudng mot khoang bang chiéu day
I6p in d& dugc cai dat, san sang cho viéc boi dap
I8p in mdi trén phan da dudc in. Qua trinh c thé
13p lai cho dén khi tao thanh vt thé hoan chinh.

Trong phan I6n cac may in 3D thugng mai,
dau in dudc cd thé di chuyén trén mat phang
song song vdi ban in theo 2 truc y va z trong khi
ban in cd thé di chuyén theo truc x théng qua su

truyén dong bang day dai tir cac dong cd. Tuy
nhién, cling c6 nhitng loai may c6 dinh dau in ¢
thé di chuyén trén mat phang song song vdi ban
in theo hai truc x, y trong khi khay in cé thé di
chuyé&n ddc 1ap theo phuong thang ding vudng
géc va@i ban in (truc z). Cac thiét bi in 3D truyén
thong chi c6 mot dau in, trong khi cdc may in 3D
hién dai c6 thé cé 2 dau in hodc han. Dau in phd
bién 1a dau in don chi ¢ th€ dun mot loai
filament trong qua trinh in (hinh 2A).

4 x

: J A ) B
Hinh 2: Cau tao cua déu in va quat lam mat A)

Ddu in don va quat lam mat Iop in; B) Dau in
kép cO thé in dong thoi nhiéu filaments
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Trong khi dd, it phd bién hon, dau in kép cb
th€ dun hai hay nhiéu loai filaments riéng biét,
luan phién hodc dong thdgi trong qua trinh in
(hinh 2B). Nh vay, c6 thé tach biét muc in cb
chlra cac nguyen liéu tudng ky_hodc cho phép in
vat thé cé nhiéu phan ma moi phan dudc tao
thanh tir cac nguyén liéu khac nhau.

*Hoan thién san phdm: Trong mot s8 trudng
hap, vat thé in cd hinh dang phic tap hodc dién
tich b& mat in nhd khién cho in I6p dau tién khé
khan hodc vat thé in khéng dinh hinh vCrng chac
trén ban in. Trong trufdng hop nay, cb thé tao
cac khung dd dinh hinh c4u tric cla vat hodc hd
trg cac I8p dau lién két v6i bé mat ban in. Nhitng
vat liéu dinh hinh nay sé dugc loai bd sau khi
qua trinh in két thdc. Tuy thudc vao nguyén liéu
cdu thanh, vat liéu trung gian cé thé bi loai bd
bang cach bé gdy hodc hoa tan trong nudc dm
[8]. Bén canh vé sinh loai bd cac vat liéu trung
gian, giai doan hoan thién cé thé gébm cdng doan
thém nhitng ddc tinh mdi cho san pham, nhu
danh bdng, bao film, bao mau...

V. KET LUAN

Co ché hoat dong cua ky thuat in 3D FDM
tuong dsi don gian, dé& diéu khién va cé thé
kifm soat hoan toan bang phan mém. K§ thut
nay cho phép tao ra cac vat thé cd cu tric phirc
tap vdi do chinh xac cao tir cac mé hinh 3 chiéu.
P3c tinh cta vt in c6 thé dugc diéu chinh linh
hoat thong qua diéu chinh thiét ké cla vat in
cling nhu thay déi cac théng s8 diéu khién qua
trinh in. Viéc hiéu rd nguyén ly ciu tao, quy trinh
hoat dong la rat can thiét trong viéc lam chu
cdng nghé va kiém sodt qud trinh hoat ddng

nhdm dam bao chat lugng san pham tét va do
Iap lai cao. Cong nghé nay md ra hudng hién dai
héa nganh cong nghiép san xuat thudc theo
hudng tao ra cac dang thubc cd cau tric phic
tap va ca nhan hda diéu tri trong cham séc y té.
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HIEU QUA CHE TUY TRU’C TIEP BANG VAT LIEU CALCIUM SILICATE
(BIODENTINE™) TREN RANG VINH VIEN €O VIEM TUY KHONG HOI PHUC

TOM TAT

Muc tiéu: Danh gia hiéu qua che tuy truc tlep
bang vat liéu calcium silicate (BlodentlneT"") trén rang
nguai trufdng thanh cé viém tuy khong hoi phuc. Doi
tugng va phuong phap nghién clru: Bénh nhan
n 24 tudi ¢d con dau tu phat, kéo dai, xudt hién
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nh|eu [an cach day 2 tuan. Dua trén kham Iam sang
va hinh anh X quang, rang dudc chan doan viém tuy
khong hoéi phuc. Sau khi gay té va dat dé cao su, phan
nga sau va md tuy viém dudc loai bo béng mii khoan
vO tring va tay khoan cao téc dudi nguén nudc. Cam
mau trong vong 2 phit bang gon thdm NaOCl 2,5%.
Tuy 16 dugc che bdng vat liéu Biodentine™. Sau 1
thang, rang dudc tram két thuc vdi resin composite.
K&t qua: Ngay dau tién sau can thiép, bénh nhan chi
dau nhe. Theo doi sau 1 thang, 6 thang va 24 thang,
rang khong cé triéu chirng bat thudng, dap Ung vdi
th nhiét hodac dién. Hinh anh trén phim X quang
ving quanh chdp binh thudng. Két luan: Che tuy
truc ti€p vdi vat liéu Biodentine™ trén rang trudng
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