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Abstract: With the introduction of the concept of precision medicine, pharmaceutical treatment is shifting
from 'one-size-fits-all' to personalization, and 3D printing, as an emerging formulation technology, can significantly
enhance the complexity and flexibility of formulations, solve the many problems of the traditional process, and
achieve personalized drug therapy. In recent years, with the rapid development of 3D printing technology, various
3D printing technologies have been used to develop oral solid dosage forms. Given the differences in the types and
characteristics of 3D printing technologies, it is necessary to select appropriate printing materials according to
the application characteristics of printing technology, and the choice of materials can significantly impact the
personalized shaping and precise release of oral solid dosage forms. This paper lists the principles and characteristics
of fused deposition molding technology, semi-solid extrusion technology, melt extrusion deposition technology,
and binder jetting technology, which is suitable for the 3D printing of oral solid preparations. It explores the

selection and application of printing materials for commonly used 3D printing technologies in detail to guide the
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choice of materials to prepare different principles of 3D printing of oral solid preparations.

Key words: oral solid dosage form; 3D printing technology; personalization customization; printing material;

formulation moldability; precise drug release
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Figure 1

Technology and development of 3D printed pharmaceutical preparations. SLA: Stereo lithography appearance; SLS: Selective

laser sintering; FDM: Fused deposition modeling; BJ: Binder jetting; SSE: Semi-solid extrusion; MED: Melt extrusion deposition
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Figure 2 Diagram of the principle of FDM technology
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Figure 3 Diagram of the principle of SSE technology (from left to right, the schematic diagram of the SSE by pneumatic, piston and screw

modes is shown)
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Figure 5 Diagram of the principle of BJ technology
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Figure 6 Diagram of the relationship between printing material, 3D printing technology and oral solid dosage form. HPC: Hydroxypropyl

cellulose; HPMC: Hydroxypropyl methyl cellulose; HPMCAS: Hydroxy propylmethyl cellulose acetate succinate; PVA: Polyvinyl alcohol;

PEG: Polyethylene glycol; PLA: Poly lactic acid; PCL: Polycaprolactone; LEV-PN: Levetiracetam-pyridoxine hydrochloride; 5-ASA: 5-
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B T 250 R £2P7 78 1 R [] 4 #1) 5571) 1) 3D 47 EP
H, PVA TR LI R 1 B8 4 R RT T B w4 )32 N2
T FDM AR, Hor PVA (55 3% 458 Je FLAE Ak 7 i
FH LA, S5 1) 7] B0 245 W0 R TEOH 28 A Y2 2 s

PAPVAME N L HL R ) & R G K 4, (e 2158
i1l 550 () 3D 4T B S FH LT . Goyanes F5°" P PVA 1
NREK IR B LB T & A R R R Fr, S 7
R v R RO g, I B PVA ] i K R 1
T LIS F KRR R 828 il Skowyra 551
PVA 1E Ny #c ik, il 15 Bt il & 1 #8025k e i e i)
REMK L2, FTEDRUA R TE B 7, 12 3 70 8 43 13K
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JE A LTE 5E T (A7 AE T PVA B i b, AT se B 2540
M PVA JE B 7K 358 15 5% 7 H 47 2 B8 i 24 h. Goyanes
FOKPVAEAXN CBAEM M BAGRED, 1F
180 °C ok A il i A JE BF Hh & 25 2264, EIMATED H B
AAFRTERMERE . DTS KR, AR LR
(19 7 77138 I 42 0 PVA JE AR, ST T 2P0 R B 2
() 22 5 o v BRUAR R 50 A A TR HR: 74D 1) 5510 0 R R %
12, KZTE 12 h B 218 R 90% HI 2 & . Ak, Li
LN PVA R A& B LU IR 20245 5K &9, 7E 180 °C %%
PR B BRI BE ) 2 24 b S AT B = A
T A B 2 HE 2 D AE i = R R R o) A, AT SR IR B
MR (1 2 B B REAT o

B4R, PVA 3 5 T FDM B AR AT B B 1 R [
Pl S0 BRI T . Wed S8 DL PVA 1 #1024 1) 5 53 4
HE 1L L S 1 I8 55 3D 4T R 4EHLIE L BT PVA A
B SS R E fFR 3, 38K E T R AN T 72 A
FVR VAR, SEBL T R 4R ML IS LE 45 min N 5E AR
Gioumouxouzis Z£/PL PVA (Mowiol 4-88) 1 A% B XU
2 HRE 2 B M R 2% B SR IR, 1X PP PVA MR R A
7 RV TR P, BT LE 75 min P 78 20 B TORS 81 SE IR
Digkas 2% HI Mw 30 000~70 000 [¥] PVA 1 A W &
SFERENERE B R AR, TR T E R I A S
JARERI IS, PTTERARIREE T & #UEF H i & B m it
HRMGH W ERAEYK L, FTEHTE 45 min W2 &
1T 90% # A . Ehtezazi %" EL Mw 89 000~98 000 ]
PVATERRZG TR AW, 75130 °CEA il % & $h B 1)
PVA K 22, SR J5 T 190 °C 4T E PR3t v it 1 171 i 77,
HAZ R T R I AR R BB Re 5 A SR U8R -
26 BZ-EE

¥ 4, . F# (polyethylene glycol, PEG) X FR A % 4
W LIEBRE IR E L FE (polyethylene oxide, PEO), EAARHL
T HARXS 73 F B . AR F & < 100 000 )R A
W38 $ RN PEG, X TR B R m R a1 IE %
NPEOM. PEGIEN—FKEWREY, BA RIFMAE
VIR ZR M, BB AE X > 7R PR s iE & . PEG
7,5 T, 354K, 24 PEG 5 H A RHR G, # Ao
FRA M B T, SGE MR IS, fEE S0
1 R [ 4 1) 577 1) 4% 0, PEG AT R 5 25 WA 77 B A 77
2y B I R B B LA E Y, #E3D#T
BT T R ] 4 1) 7] B 2 o, PEG ANAX ] R 2524 1 36 i
FARE, 488 375 55 488 3 (10 AR O TR Ay 14 9 7R 48 I 51
.

Kempin 25" Fif FDM # K, UL PEG 1 N 2E 4G Hr
e fi 8 24 L 5, 3 Tk AR B H BROK IS TR S K 2 )5,
FTEIH 776 29 min N 58 2 B2 (B . [FIBS, PEG

£ FDM £ AR 1, 0 m] /34 28 574 B . Fanous 5" A
HPC SSL 1 Ak 5 Fr i) % 25 553, i\ PEG 4000 {f
WA 5, T CARRARET BN TR B, W AR &Y
K22 (1 98 1, 5 Kollidon VA64 414 N 7] 528 24
Y BRE BT . PEG £ SSE $5 oK A5 — % i 8,
Algahtani Z57"M# ] PAM £ AR IF &5 4 51 5 91K Lk
#1751, ¥ PEG 400 1 J9UAH A (1) 2R 1 s M 77, B AR K AH
L5 TB) P ST 5K 77, B2 i IS A% B B AR R, Tk —
R R ) 20 2 B A8 LA SRS PEG 6000 fF [ 44
FJF, BRI 3 RS [ RS I B K L AE RE
IXEE F5 FI7E 30 min N TR R 248 95%.

7E R [ A3 750 (4 3D 4T EP R, PEO (R L /K B
TV GBI S L 2 PRI VE SRRV, W ELEEAE N FDM R
() AR A4 BEAE U2, fn Oblom 25098 F R &4
PEO N80 (MW 200 000) F7 E[I ) S 8 i v 771, 52k FH H:
fi 5 &9 AR A9 (W HPMC . HPC 1 Eudragit E PO)
FTENAH R 78 B 43 EE AT RSE (9 FIAHEE . PEO il 45 1
v AR 7R FE PR 24 1 R O 26 (40 min P ORR IR
80% 1) 7 JH JF) . mT LAV PR T PEO N8O 1F - —Fh 35 7K
PESE W), AR AE 77 25 5 PR JH K AR S5 £E 22 TR it i
2, N 259 INEE 5 A R Y. Puranovié %7 A
PEO 100K 1 PEO 200K 1 4 1~ #4 S5/ 19 4 A4 4 R 1)
FERE DR A, AT SEILA AR 4 h B AU
2.7 BRAKEERAE

RNIGETRM G (Eudragit) /& 78 E LA &K i — &R
B 24 Y 7 5 R TR A4 TR R R o D=4, G 2 d
S PR R T S R R O R T TR TR T P 6 T A
PR — F S Bk I8 55 AN [A) B A 4 — 5 B A 3k Sk AT T
e MR By A BT ) AN TR, B TS M RN IR TT 4 o £
Fh 75 4045 Eudragit E\L.S.RL.RS % . Eudragit }.
A IR IR E 1, (R AR5 1) T, X 5
K, 4 Eudragit E PO [ T,y 48 °C, Eudragit L 100 1]
T, % ) 150 °CV*7, 7 3D T E 11 IR [A] ¢ i) 57 v
Eudragit P {E # 25  RH 5 & 25 22 ¢, FTENHE B A R
I B 2R AR 2 0 4 R TSR R o

Eudragit 2 M. | T FDM £ R ', Sadia 26" ff F
Eudragit E PO A 7£ 100 °C N i i # 55 Hi i) £ 537l 2
A @I R IR JE R AN 4 Tl 25 P 1)
REMKe, Rk e g ZEHER)E, T H A AR
R LR M e HL 2 07 BB R (30 min PR 24 2
85%) MR FEIR i 7 o Pietrzak Z5" i B Eudragit E+
HPC SSL.Eudragit RL 2 % A Y)1E N 7808 10 3 25 3L i,
il & BA B M ER SR R 7. B SR, A R
4 #) Eudragit E 5 HPC SSL 4T Bl {4 /7 71, K82 2540
1E 25 min W B J#C; 17 BA Budragit RL 3% 25 5 5 1) -
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7, FZ R SMREIRS [B] PRI 16 he Ith4h, Sadia 555"
{4 FH| Eudragit E 6 A0k}, 18 i UG H il 25 & Sl e
IR EWK 22, IIDHT BN H B A P 8 18 1) i ZE R R
FEF o % AT I8 PN 0 P o L d A T 245 ) BRI,
S UL 30 min BE R #E T 90% .
2.8 RIAE

R AR (poly lactic acid, PLA) J& — fh il 4= 4y % fi
)G 07 R S e A RL, B R P h a T A YA A
PE I K A A ISR . PLA 1R R — Fh g K Pk
BORE, BB I 3 I, T8 TE 50~80 °C™Y, Tl
YESN FDM F AR FT B 11 iR [ 4 i) 770 1) 48 245 04 k) I 4%
B EM AL, 0 Ahmed ZEP9# A PLA 224 B 55 % J2 A
il £ V6 T B 1R AL AR, RIS B 2 ) 1) R SORE G
Gioumouxouzis Z5™ 5 11 3 47 BN B A = = 250 [H A
R A E R, A BT R s T
PLA # R, H (1] 2 i & SUE e I PVA/H B B VR S P 40
B, 1K Ff A R K 5 0 T H A A3 FUTE AR SRR O
R a BRI BN 15
29 B2

F WS (polycaprolactone, PCL) & — Fh a] A4
Feefige 55 MR WAL P SRR ), B B KR K M, A Dy — b
RIPHEREY), PCL G RARN T, M T, T,1£ 60 °C, T,
1E-60 °C**', PCL 7E 3D FT B[ I I [# 4 1) 71) (1) &2 o
AR R 4F B R, Duranovi¢ 267 | FDM
HR, LLPCLAE A # LM BE, S EBF H S 25 224
JEATENFMAE R E R 1, 259 8 h MR TE 50% N
3 Hih3D$TEN O RREI I 44 8B FF & F1 A

H AT, 6 R E R H0 550 1 3D 4T Ep AT b, % 147
BN BRI 7RI R FH AT AN 2, 1 dnif SR R 25 L &1
YR BRI M R I S K B IR R A WM KL, TE 2
Wi 77 3D FT ER AT B ST R AR R o SRR R
A TE 24433 36 5 THI F B AR 9 4 S A AR A vk L B
A R SRR 5 AR e AT T R
BAUE AR, 2 TG 55 H AN 55 B AN I8 #0755 53 i 55 1)
B, M 249 1 FCAE 3D FT B 1 I 3] 4 1) 77) 74T 2 1

AW BEREME N — M ENL RS B A R, B A&
JiE T AR A < T sk T R IR A TR A A A
PR, G 3 B W K AT Tl R = 45 R0 A i e e
S LR W EE AL R, FE 254 16 AU T R B — s
ATF R 3, I AR Y B s #RL HEAT 25 37 3D
FTED, A5 2B i3 B A m 8 4 LB 2 110 10 R s 4 1) 551,
ST RS HEAE IR TS
4 HESNBE

3D FT ER 7 A F T 1 R [T 4 o) 5770 £ )3, £ 77 kA
PE K BB 55 R WE R OO 35 1 [R] B, 78 )38 T2 KA k)

I PRAE T AR TR I 5 &R SRR P . AR — P %
IR, T 3 e 28 o B AN [], w8 (R 4T B
MBI D, H14 7 3D T N2 Hil K K & . 3D
FT BRI 7R RL 1) 18 46 75 B LR & 5 B R 2 2 e L
P R A e S R 2 o 8 BI AR ST B0 i ] 4 i) 741
I, 1B A5 38 S ST B mE Sk, i 2
29k R, VTSR HT BRI AL R % B = D RE A R R %
DA 2R, A RS BRI T AT B R Bk R,
SR T B R R R A R Bk > . SLAHL
ARAE AT EOAS FE e A 3D T ER R, A R AF 4T Ep
SRR, RGO IR R R AR A A 1 22, KR EML
B ARAEAE TR ME . BRAR I O A — S AR W 5 1 11 1
R BB T AN Wit FHE T, B 2 24 OB SCTT Tv AE A
PP, W2 7 SLA 7R AE 3D 1 EF 1A [&] 446 1] 751 1)
RS, BT B TR SLS H A T 1 [ 44
FH 3D 4T B, FF H 8K v 9 78 4 0 BOR 1 7= b AL ik
T2, (B340 F8F TR B o SLS B & FI B0t R ik &
P IR I8 45 5 2258 R LA S0 i) 7)1 ME B e 28, 3 T 4T
IR RE IR AR i ME B T B D T I R AR,
FH T~ K 43 25 10 R0 24 FH iR SO IR BN,
PRAEA AR BT LAR] e 25 B8, #9344 i 7 I eIl
T, 30T ) 7 22 A e A — 8 PR

S 3D T B 24 4 i) 00 LE A ORE IR e 45 2R M Al
B 55 07 T AR AE — 5 Pk, 15 B T FLAE AL i 2
WD B RINEH AR RS T, &4
Ak L 4 BR 245 W | 5] 3D 1 B A R TR, 24 A SR AT
U AN T K& B F0RS 71, 3D 1 BV 25 Pt 71 1) 4
R B 7 s . HEr, R ERE R %A
H DT R T80 3D S M G245 R 3D IS F B % 3D
TULEE K 25 fn B 0] 3D ik 45 74 | i RE 3D s i D IR £
R SE TS M AR &, TR A 42 1) 24 4 10 e T st ] S S
BRIRE, A RBERA Y 0 2t 59T R0 e IR IE A
R T R BRI 22 nT Re ko A 22 B R 22 9T 2H 20
LA RAMTT 46 HE % 3D 41 BN 25 W UK, JF65 3D 4T Bl 4%
AN A] AE AR A AN SRV A & G A [F) 3R 4 T e
InTESTine M1 -F & 41 45 &, IRR A 3D AT ED A A &
WA VER) CIRGHZEL . oAb, FabRx . AstraZeneca. ZRvb
IRAFRRE AR KA 4 5 A2 53] 3D T
29I R R R, B SR BOR B & FDML SSE . B
AKFFH (direct powder extrusion, DPE)- 44 flt ii% 73 i #Y
(melt drop deposition, MDD). % 5 "% 22 ] E[l (drop-on-
demand, DOD). #2 (X E[I fill €] 357 25 %) (screen printing
innovational drug, SPID) Z£P", pt 2k 5 R ML #
()2 5 W64 g 11 i ] 44 11 771) 3D FT ER A BE BB R 3N
BRI 77, K AW BN AL G2 24 F AR T S RN R
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Figure 7 Global industry developments in 3D printed pharmaceutical preparations. DPE: Direct powder extrusion; MDD: Melt drop depo-
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Current situation and

£ 3D T EN 25 il 1) AU ¥ 254, HE3h 3D ATENZG W th] 7]
FIBAR BIASWT A AT

{38 R 16 B0 L S A LT L GRS
Bl HR e BRSO RRY SR G S B R TSR g
P EHIRE SO 8 AT T R A R
Wi S 1 B P LA

RIFERZE: S0 8B KRR S, R RAER (o)
TR B K ALY, AT 1185 75 ) 17 6 ) 2 o 5

Wang SS, Liang E, Wang XL, et al.
prospect of 3D printing technology in pharmaceutical prepara-
tions [J]. J China Pharm Univ (9 [E 25 R} K 2% 2 4k), 2023, 54:
15-22.

Osouli-Bostanabad K, Adibkia K. Made-on-demand, complex
and personalized 3D-printed drug products [J]. Bioimpacts,
2018, 8: 77-79.

Norman J, Madurawe RD, Moore CM, et al. A new chapter in

pharmaceutical manufacturing: 3D-printed drug products [J].

KR Adv Drug Deliv Rev, 2017, 108: 39-50.

[10] ShiJ, Wang ZM, Zheng AP. Applications and challenges of 3D

References printing technique in manufacturing pharmaceutical preparations

[J]. Prog Pharm Sci (£%%3 J£), 2019, 43: 164-173.
[1] Okafor-Muo OL, Hassanin H, Kayyali R, et al. 3D printing of
[11] Zhang K, Zheng DY, Li AY, et al. Recent advances of pharma-
solid oral dosage forms: numerous challenges with unique oppor- . . . .
ceutical 3D printing extrusion molding technology [J]. Acta
tunities [J]. Pharmaceutics, 2020, 109: 3535-3550. . FU
Pharm Sin (%% 2%44)), 2023, 58: 2640-2655.

2] Pitzanti Mathew E, A P, et al. 3D printing:

2] itzanti G, Mathew E, Andrews GP, et a prinmg: an [12] Zheng Y, Deng FH, Wang B, et al. Melt extrusion deposition
appealing technology for the manufacturing of solid oral dosage (MED™) 3D printing technology-a paradigm shift in design and
forms [J]. J Pharm Pharmacol, 2022, 74: 1427-1449. development of modified release drug products [J]. Int J Pharm,

[3] Wang SY, Li SJ, Tu YY, et al. Applications and challenges of 3D 2021. 602: 120639
printing technology in oral solid dosage forms [J]. Chin J New [13] Parulski C, Jennotte O, Lechanteur A, et al. Challenges of fused

: Ju .
Drugs (' [H 7274 5), 2020, 29: 881-889. deposition modeling 3D printing in pharmaceutical applications:

[4] Li CX, Kang HJ, Wu JZ, et al. 3D printing and its application where are we now? [J]. Adv Drug Deliv Rev, 2021, 175: 113810.
in the field of medicine [J]. ] Mater Eng (# ¥+ T.1%), 2021, 49: [14] Chai XY, Chai HY, Yang JJ, et al. Application of fused deposi-
66-76. tion molding to pharmaceutics [J]. Chin J Pharm (H [E & 2§ Tk

[5] Vaz VM, Kumar L. 3D printing as a promising tool in per- Jki&), 2016, 47: 1587-1591.
sonalized medicine [J]. AAPS PharmSciTech, 2021, 22: 49. [15] Roulon S, Soulairol I, Lavastre V, et al. Production of repro-

[6] Jamréz W, Szafraniec J, Kurek M, et al. 3D printing in pharma- ducible filament batches for the fabrication of 3D printed oral
ceutical and medical applications-recent achievements and forms [J]. Pharmaceutics, 2021, 13: 472.
challenges [J]. Pharm Res, 2018, 35: 176. [16] Goyanes A, Allahham N, Trenfield SJ, et al. Direct powder extru-



JEGRRAE: 3D T BN R A5 5T ERRE R BT TR

2785

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

sion 3D printing: fabrication of drug products using a novel
single-step process [J]. Int J Pharm, 2019, 567: 118471.

Fanous M, Gold S, Hirsch S, et al. Development of immediate
release (IR) 3D-printed oral dosage forms with focus on indus-
trial relevance [J]. Eur J Pharm Sci, 2020, 155: 105558.

Chen D, Xu XY, Li R, et al. Preparation and in vitro evaluation
of FDM 3D-printed ellipsoid-shaped gastric floating tablets with
low infill percentages [J]. AAPS PharmSciTech, 2019, 21: 6.
Kempin W, Domsta V, Grathoff G, et al. Immediate release 3D-
printed tablets produced via fused deposition modeling of a
thermo-sensitive drug [J]. Pharm Res, 2018, 35: 124.

Tan DK, Maniruzzaman M, Nokhodchi A. Advanced pharma-
ceutical applications of hot-melt extrusion coupled with fused
deposition modelling (FDM) 3D printing for personalised drug
delivery [J]. Pharmaceutics, 2018, 10: 203.

Diaz-Torres E, Rodriguez-Pombo L, Ong JJ, et al. Integrating
pressure sensor control into semi-solid extrusion 3D printing to
optimize medicine manufacturing [J]. Int J Pharm X, 2022, 4:
100133.

Seoane-Viano I, Januskaite P, Alvarez-Lorenzo C, et al. Semi-
solid extrusion 3D printing in drug delivery and biomedicine:
personalised solutions for healthcare challenges [J]. J Control
Release, 2021, 332: 367-389.

Wang N, Shi HX, Yang SD. 3D printed oral solid dosage form:
modified release and improved solubility [J]. J Control Release,
2022, 351: 407-431.

Lafeber I, Tichem JM, Ouwerkerk N, et al. 3D printed furose-
mide and sildenafil tablets: innovative production and quality
control [J]. Int J Pharm, 2021, 603: 120694.

Cotabarren IM, Cruces S, Palla CA. Extrusion 3D printing of
nutraceutical oral dosage forms formulated with monoglycerides
oleogels and phytosterols mixtures [J]. Food Res Int, 2019, 126:
108676.

Fang DY, Yang YN, Cui MS, et al. Three-dimensional (3D) -
printed zero-order released platform: a novel method of person-
alized dosage form design and manufacturing [J]. AAPS Pharm-
SciTech, 2021, 22: 37.

Azad MA, Olawuni D, Kimbell G, et al. Polymers for extrusion-
based 3D printing of pharmaceuticals: a holistic materials-process
perspective [J]. Pharmaceutics, 2020, 12: 124.

Chen RX, Wang ZM, Han XL, et al. The principle of drop-on-
powder 3D printing and its application and challenge in solid
preparation [J]. Acta Pharm Sin (% % %% 1)), 2020, 55: 2862-
2868.

Wang ZM, Li JR, Hong XX, et al. Taste masking study based
on an electronic tongue: the formulation design of 3D printed
levetiracetam instant-dissolving tablets [J]. Pharm Res, 2021, 38:
831-842.

Sen K, Mehta T, Sansare S, et al. Pharmaceutical applications of

powder-based binder jet 3D printing process-a review [J]. Adv

(31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Drug Deliv Rev, 2021, 177: 113943.

Funk NL, Fantaus S, Beck RCR. Immediate release 3D printed
oral dosage forms: how different polymers have been explored to
reach suitable drug release behaviour [J]. Int J Pharm, 2022, 625:
122066.

Sen K, Manchanda A, Mehta T, et al. Formulation design for
inkjet-based 3D printed tablets [J]. Int J Pharm, 2020, 584:
119430.

Xu WH, Jambhulkar S, Ravichandran D, et al. 3D printing-
enabled nanoparticle alignment: a review of mechanisms and
applications [J]. Small, 2021, 17: €e2100817.

Han XL, Kang DZ, Liu BS, et al. Feasibility of developing hospital
preparation by semisolid extrusion 3D printing: personalized
amlodipine besylate chewable tablets [J]. Pharm Dev Technol,
2022,27: 164-174.

Kim JH, Kim K, Jin HE. Three-dimensional printing for oral
pharmaceutical dosage forms [J]. J Pharm Investig, 2022, 52:
293-317.

Arca HC, Mosquera-Giraldo LI, Bi V, et al. Pharmaceutical
applications of cellulose ethers and cellulose ether esters [J].
Biomacromolecules, 2018, 19: 2351-2376.

Cui MS, Pan H, Fang DY, et al. Fabrication of high drug loading
levetiracetam tablets using semi-solid extrusion 3D printing [J].
J Drug Deliv Sci Technol, 2020, 57: 1773-2247.

Li PF, Zhang SM, Sun WL, et al. Flexibility of 3D extruded
printing for a novel controlled-release puerarin gastric floating
tablet: design of internal structure [J]. AAPS PharmSciTech,
2019, 20: 236.

Ghanizadeh Tabriz A, Nandi U, Hurt AP, et al. 3D printed bilayer
tablet with dual controlled drug release for tuberculosis treat-
ment [J]. Int J Pharm, 2021, 593: 120147.

Hussain A, Mahmood F, Arshad MS, et al. Personalised 3D
printed fast-dissolving tablets for managing hypertensive crisis:
in-vitro/in-vivo studies [J]. Polymers (Basel), 2020, 12: 3057.
Fanous M, Gold S, Muller S, et al. Simplification of fused
deposition modeling 3D-printing paradigm: feasibility of 1-step
direct powder printing for immediate release dosage form
production [J]. Int J Pharm, 2020, 578: 119124.

Infanger S, Haemmerli A, Iliev S, et al. Powder bed 3D-printing
of highly loaded drug delivery devices with hydroxypropyl
cellulose as solid binder [J]. Int J Pharm, 2019, 555: 198-206.

Wu HC, Du SY, Lu Y, et al. Application of pharmaceutical
excipients hydroxy propyl methyl cellulose in preparation [J].
Chin J Exp Tradit Med Formulae (¥ 5256 75 71 2 % &), 2013,
19: 360-365.

Conceigao J, Farto-Vaamonde X, Goyanes A, et al. Hydroxypropyl-
p -cyclodextrin-based fast dissolving carbamazepine printlets
prepared by semisolid extrusion 3D printing [J]. Carbohydr
Polym, 2019, 221: 55-62.

Khaled SA, Burley JC, Alexander MR, et al. Desktop 3D printing



2786 - 242 %4} Acta Pharmaceutica Sinica 2025, 60(9): 2776-2787

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

of controlled release pharmaceutical bilayer tablets [J]. Int J
Pharm, 2014, 461: 105-111.

Germini G, Peltonen L. 3D printing of drug nanocrystals for film
formulations [J]. Molecules, 2021, 26: 3941.

Tan MY, Dharani D, Dong X, et al. Pilot-scale binder jet 3D
printing of sustained release solid dosage forms [J]. Int J Pharm,
2023, 631: 122540.

Wang RY, Liu Y. Application of hydroxypropyl methylcellulose
acetate succinate to preparation of solid dispersions [J]. Chin J
Pharm (9 [E 525 Tk 44 &), 2016, 47: 111-116.

Goyanes A, Fina F, Martorana A, et al. Development of modified
release 3D printed tablets (printlets) with pharmaceutical excipients
using additive manufacturing [J]. Int J Pharm, 2017, 527: 21-30.
Xu H, Hu QH. Pharmaceutical Polymer Material Science: Sth
Edition (25 #1157 744 %} %5 10f)K) [M]. Beijing: China Medical
Science and Technology Press, 2019: 149.

Lei L, Gamboa AR, Kuznetsova C, et al. Self-limiting electro-
spray deposition on polymer templates [J]. Sci Rep, 2020, 10:
17290.

Zhu L, Yang M, Zhang Q, et al. Preparation of posaconazole
solid dispersion via hot-melt extrusion and preliminary evalua-
tion in vitro [J]. J China Pharm Univ (" [E 2§ B} K % % $ir),
2015, 46: 309-315.

Patel NG, Serajuddin ATM. Development of FDM 3D-printed
tablets with rapid drug release, high drug-polymer miscibility
and reduced printing temperature by applying the acid-base
supersolubilization (ABS) principle [J]. Int J Pharm, 2021, 600:
120524.

Gottschalk N, Bogdahn M, Harms M, et al. Brittle polymers in
fused deposition modeling: an improved feeding approach to
enable the printing of highly drug loaded filament [J]. Int J
Pharm, 2021, 597: 120216.

Khaled SA, Alexander MR, Irvine DJ, et al. Extrusion 3D
printing of paracetamol tablets from a single formulation with
tunable release profiles through control of tablet geometry [J].
AAPS PharmSciTech, 2018, 19: 3403-3413.

Cui MS, Li YN, Wang S, et al. Exploration and preparation of a
dose-flexible regulation system for levetiracetam tablets via novel
semi-solid extrusion three-dimensional printing [J]. J Pharm Sci,
2019, 108: 977-986.

Hong XX, Han XL, Li XF, et al. Binder jet 3D printing of
compound LEV-PN dispersible tablets: an innovative approach
for fabricating drug systems with multicompartmental structures
[J]. Pharmaceutics, 2021, 13: 1780.

Chang SY, Jin J, Yan J, et al. Development of a pilot-scale
HuskylJet binder jet 3D printer for additive manufacturing of
pharmaceutical tablets [J]. Int J Pharm, 2021, 605: 120791.

Tkeda S, Kobayashi M, Aoki S, et al. 3D-printed fast-dissolving
oral dosage forms via fused deposition modeling based on sugar

alcohol and poly (vinyl alcohol)-preparation, drug release studies

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

and in vivo oral absorption [J]. Pharmaceutics, 2023, 15: 395.
Digkas T, Porfire A, Van Renterghem J, et al. Development of
diclofenac sodium 3D printed cylindrical and tubular-shaped
tablets through hot melt extrusion and fused deposition modelling
techniques [J]. Pharmaceuticals (Basel), 2023, 16: 1062.

Goyanes A, Buanz AB, Hatton GB, et al. 3D printing of modified-
release aminosalicylate (4-ASA and 5-ASA) tablets [J]. Eur J
Pharm Biopharm, 2015, 89: 157-162.

Skowyra J, Pietrzak K, Alhnan MA. Fabrication of extended-
release patient-tailored prednisolone tablets via fused deposition
modelling (FDM) 3D printing [J]. Eur J Pharm Sci, 2015, 68:
11-17.

Goyanes A, Robles Martinez P, Buanz A, et al. Effect of
geometry on drug release from 3D printed tablets [J]. Int J
Pharm, 2015, 494: 657-663.

Li QJ, Wen HY, Jia DY, et al. Preparation and investigation of
controlled-release glipizide novel oral device with three-dimen-
sional printing [J]. Int J Pharm, 2017, 525: 5-11.

Wei C, Solanki NG, Vasoya JM, et al. Development of 3D
printed tablets by fused deposition modeling using polyvinyl
alcohol as polymeric matrix for rapid drug release [J]. J Pharm
Sci, 2020, 109: 1558-1572.

Gioumouxouzis CI, Baklavaridis A, Katsamenis OL, et al. A 3D
printed bilayer oral solid dosage form combining metformin for
prolonged and glimepiride for immediate drug delivery [J]. Eur J
Pharm Sci, 2018, 120: 40-52.

Ehtezazi T, Algellay M, Islam Y, et al. The application of 3D
printing in the formulation of multilayered fast dissolving oral
films [J]. J Pharm Sci, 2018, 107: 1076-1085.

Li PF, Jia HY, Zhang SM, et al. Thermal extrusion 3D printing
for the fabrication of puerarin immediate-release tablets [J].
AAPS PharmSciTech, 2019, 21: 20.

Li R, Pan Y, Chen D, et al. Design, preparation and in vitro
evaluation of core-shell fused deposition modelling 3D-printed
verapamil hydrochloride pulsatile tablets [J]. Pharmaceutics,
2022, 14: 437.

Jiang LH, Yan CS, Sun DD, et al. Research progress of
polyethylene glycol in traditional Chinese medicine preparation
[J]. China Pharm ("1 [H Z4)1), 2018, 27: 1-5.

Algahtani MS, Mohammed AA, Ahmad J, et al. 3D printing of
dapagliflozin containing self-nanoemulsifying tablets: formula-
tion design and in vitro characterization [J]. Pharmaceutics,
2021, 13: 993.

Miguel A, Gonzalez F, Gregorio V, et al. Solvent-free procedure
for the preparation under controlled atmosphere conditions of
phase-segregated
Polymers (Basel), 2019, 11: 406.

Hou ZY, Cheng XX, Zhao XC, et al. Design and evaluation

thermoplastic polymer electrolytes [J].

of gastro-swelling/gastro-floating sustained-release tablets of

brivaracetam for epilepsy therapy [J]. Int J Pharm, 2023, 644:



JEGRRAE: 3D T BN R A5 5T ERRE R BT TR

2787

[74]

[75]

[76]

[77]

(78]

[79]

[80]

(81]

[82]

123301.

Oblom H, Zhang JX, Pimparade M, et al. 3D-printed isoniazid
tablets for the treatment and prevention of tuberculosis-per-
sonalized dosing and drug release [J]. AAPS PharmSciTech,
2019, 20: 52.

Puranovi¢ M, Obeid S, Madzarevic M, et al. Paracetamol
extended release FDM 3D printlets: evaluation of formulation
variables on printability and drug release [J]. Int J Pharm, 2021,
592: 120053.

Dos Santos J, Da Silva GS, Velho MC, et al. Eudragit: a versatile
family of polymers for hot melt extrusion and 3D printing
processes in pharmaceutics [J]. Pharmaceutics, 2021, 13: 1424.
Chen Y, Wang BH, Wu D. Pharmaceutical application of poly-
acrylic resin [J]. China Pharm ("1 [H Z§)lk), 2008, 16: 25-27.
Solanki NG, Tahsin M, Shah AV, et al. Formulation of 3D printed
tablet for rapid drug release by fused deposition modeling:
screening polymers for drug release, drug-polymer miscibility
and printability [J]. J Pharm Sci, 2018, 107: 390-401.

Sadia M, Sosnicka A, Arafat B, et al. Adaptation of pharmaceu-
tical excipients to FDM 3D printing for the fabrication of patient-
tailored immediate release tablets [J]. Int J Pharm, 2016, 513:
659-668.

Pietrzak K, Isreb A, Alhnan MA. A flexible-dose dispenser for
immediate and extended release 3D printed tablets [J]. Eur J
Pharm Biopharm, 2015, 96: 380-387.

Sadia M, Arafat B, Ahmed W, et al. Channelled tablets: an
innovative approach to accelerating drug release from 3D printed
tablets [J]. J Control Release, 2018, 269: 355-363.
Charasseangpaisarn T, Wiwatwarrapan C, Srimaneepong V.
Thermal change affects flexural and thermal properties of fused
deposition modeling poly (lactic acid) and compression molding

poly (methyl methacrylate) [J]. Eur J Dent, 2023, 17: 136-142.

[83]

[84]

[85]

[86]

(87]

[88]

[89]

[90]

[91]

Bauer L, Rogina A, Ivankovi¢ M, et al. Medical-grade poly
(lactic acid)/hydroxyapatite composite films: thermal and in vitro
degradation properties. [J]. Polymers (Basel), 2023, 15: 1512.
Ahmed MM, Fatima F, Alnami A, et al. Design and characteriza-
tion of baricitinib incorporated PLA 3D printed pills by fused
deposition modeling: an oral pill for treating alopecia areata [J].
Polymers (Basel), 2023, 15: 1825.

Gioumouxouzis CI, Katsamenis OL, Bouropoulos N, et al. 3D
printed oral solid dosage forms containing hydrochlorothiazide
for controlled drug delivery [J]. J Drug Deliv Sci Technol, 2017,
40: 164-171.

Ming Y, Chen T, Zhao LM, et al. Preparation and properties of
PCL/PBL electrospun fibers [J]. J Funct Polym (3} ¢ i 4 F %
#%), 2023, 36: 160-169.

Goyanes A, Det-Amornrat U, Wang J, et al. 3D scanning and 3D
printing as innovative technologies for fabricating personalized
topical drug delivery systems [J]. J Control Release, 2016, 234:
41-48.

Mancilla-De-La-Cruz J, Rodriguez-Salvador M, An J, et al.
Three-dimensional printing technologies for drug delivery appli-
cations: processes, materialsand effects [J]. Int J Bioprint, 2022,
8: 622.

Li HJ, Xu L, Zhong WZ, et al. Recent advances of photocurable
3D printed pharmaceutical preparations [J]. Chin Pharm J (H1
2554458, 2021, 56: 1189-1195.

Xu YY. Application of Selective Laser Sintering Technology in
Oral Solid Preparations (3% 1 ' be 45 B AR AE 171 Al [8] 4 o] 551)
71 ) . FH) [D]. Hangzhou: Zhejiang University of Technology,
2021.

Wang SS, Chen XJ, Han XL, et al. A review of 3D printing
technology in pharmaceutics: technology and applications, now

and future [J]. Pharmaceutics, 2023, 15: 416.



