http://rjms.iums.ac.ir VY44 55,0 0 ojlad YV 055 15jl) 1Saisja ogle alan

s € e dvyre® oCope )0

&

S3950 dlo J

4&3

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

S 30g 3 39 o Aw D (558 955 S 9 ) 9 (59990

(Jsis oxinsgi ) olnl s slnl (K53 pole olSinly (K3 0323l (S S5 09)5 Sy Sojeb a8)) (L) 1o (UGS dos b
zoljalali.h@iums.ac.ir

Ol I <Ol (S5 o oSS (S5 oaSl ( S55y So58 5,5 (K35 Sz 15 it 5,8 ol

Ol lgm o6 lgjms S olStils carly psle oIS 518 095 sl it 58 (618 150U yunod LS

O S5 ol (S5, poe Sl (Kb, oS K35y e 09 bl 1598 Gty

Ol g 6 lgpm S olKuily ey pole 0uSiily (S 3ud 095 yboliul 1 SLEL Lo yanos

EX ¢3

@l Sy sl

SSVR VAR

aa/-0/vd

Lo jlganls . . ‘ ) .
o 6)5\_;3 Q—l‘ oS 6)919 A g o0 odlanwl YU cussS' L r"L"“?‘ oy Lg)'L.u A go0 d‘,‘ﬁ (G dw ul) d)ﬁhs )‘| o)‘”nl
e S 3ol gy (IS yeb 4 0)b 00 5 (gl (SlepdFn (B 3 0hg A a(Sbjy (e b )0 ege
«Sloydgiy s, Sl U dilio )0 .ol oad 48,8 Lol 13 (sdm dw ol jlocle iy 5 S leie 4 Jluons Jae Sl (S8

g A Rl Lo Jie (S5 bl 38 e ool |y 55 390 an 5] (S5 (she s Jio S0 50 s (5ol e Jgane
ol 31 0ol L bl w5 b (g s pgbias 1 (sl degasme Sl b g5 o 487 3,15 5L5 Jbaoms (cdm dw Joo G 4 (gim

eblize 2085 Ly (50550925 b (CT) (55000l (315 9055 (slaools sl eslisal L (yimam g CAD (ol 1581 p 5
ol A odmy slodwiin S asll)S @ly (50 adgi @ B g a0yl 090l 295 ol (MRI)
ohg 4 dagl sl (ol Sliaas colo g phles (o (sl 23S lasial 5 JaSo gy S Wl (sin dw Ol (558
O 2 9 b 0y00 e 4 1S 93 (il sl O3l g es e (B9 simaw Sl ()5l AL ol gl
g e 45 395 in o D LS Eecly (gy5i8 pl cogdledy ul Ll lige 3 b (slacdly jf cdiloe
Sl o Sy ol p (sdmts Gly (loolSios  oslizl 48 wal)d Jla o (sl ], (ool gl laelKin
9 43,2l ) (ol 5sdly ploml )3) asliy) lsebl pas Sl e 00 ol g 9 (poglgr ke (2l igdl) 53 slow o
B9y e 2Sdas sl (e dlge ST 35le (o By i)l g dw Ol (55l s BN leyd B3 izen
Alodd (e (gdmdw Ol (69l 50 o3l 3)90 dlge o 5 glkie e 4 ABS g PLA a8 oolizul il 500,
by go s S s § iy 0 58 G glacilioy] A5l golio 51 (gl )3 W0 oS sl g2 (90 (Setodly yody o5 PLA
ol o) d)gL;é‘..x_;S Jeess [y YU jlys dn )3 33lg5 oo 4S5 ygbds ol PLA I 5pglie ABS 13,5 )15 oslitul 3)50 (oli¢ lge
5 Ol b (oB) 6yl (pl & (iS4 3 pasd alsly (LS 5 €85 350 g1y (VL Jeill e s O

5 dmaw Ol (gl 5 dos odlil ams (o a8l 1) ol5edly 3 (633 (oill p iue sloolSiws Wgi (clp e

st 2l yadly s by caxs bl 4 sbdy dad ials 1) Sleys sllad g dioy 30 1y oloyd bt Slgs o Sloydsiy

2l &) J6

L] 0455 u.:)l)f éﬁb& &)lﬂ
ol a2l Jlo ol 255 Colos 2o

:lio (ol s olciw] ogus

Zoljalali Moghaddam SH, Ghaffari H, Shamsabadi R, Mahdavi SR, Baghani HR. A review on applications of
three-dimensional printing technology in radiotherapy. Razi J Med Sci. 2020;27(5):240-252.

wsawl 4383 s )90 CC BY-NC-SA 3.0 b (galbe ST (o piand o 9004y alliie (yal HLstuisl®

Yéo


https://orcid.org/0000-0001-7106-4480
https://rjms.iums.ac.ir/article-1-6104-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-26 ]

Razi Journal of Medical Sciences. 2020;27(5):240-252.

\eoIPalN J0 Asianiun uel)

http://rjms.iums.ac.ir

[ Review Article

A review on applications of three-dimensional printing technology in

radiotherapy

Seyed Hamid Zoljalali Moghaddam, Department of Medical Physics, School of Medicine, Iran University of Medical

Sciences, Tehran, Iran (*Corresponding authors) zoljalali.h@iums.ac.ir

Hamed Ghaffari, Department of Medical Physics, School of Medicine, Iran University of Medical Sciences, Tehran, Iran

Reza Shamsabadi, Physics Department, Hakim Sabzevari University, Sabzevar, Iran

Seied Rabi Mahdavi, Assistant Professor, Department of Medical Physics, School of Medicine, Iran University of Medical

Sciences, Tehran, Iran

Hamid Reza Baghani, Assistant Professor, Physics Department, Hakim Sabzevari University, Sabzevar, Iran

Abstract

Nowadays, 3D printing technology is used for rapid prototyping of high quality objects,
so that this technology plays an important role in the modern fields of medicine,
especially in surgery, radiation therapy, radiology and etc. Generally, the process of
creating a physical object from a digital model is considered as a simple definition of
3D printing. Compared to conventional printers, 3D printers create a physical 3D model
of the desire target. Creation of a model by 3D printer requires a digital 3D model
which can be obtained by scanning a set of 3D images or drawing them using CAD
design software, as well as using computed tomography (CT) data or magnetic
resonance imaging (MRI) imaging. Then, this digital model is sent to the printer and
finally, a 3D layer-by-layer model is created. The whole mentioned process is called as
fast prototyping or 3D printing.

Since, personal radiotherapy is introduced as one of the main modality for the treatment
and management of various cancers, requires precise details to improve the performance
of the employed modality. Todays, 3D printers are able to produce a realistic model of
complex geometries, so 3D printing technology can be a complementary and promising
method for treating patients and making specific equipment for them, especially in
radiotherapy. The dramatic growth of 3D printing technology in various fields of
medicine in recent years, has led to the introduction of new applications of this
technology in these fields, so that the importance of this technology in improving the
performance of treatment modalities, has been reported in several recent studies.

The use of 3D printing technology will reduce the cost of radiation therapy which as a
promising method, can enhance the efficacy of employed modality. Performed studies
have shown that 3D printing technology is a fast, practical and inexpensive method for
delivering a uniform dose to the target volume while protecting healthy tissues in the
radiation field. Furthermore, this technology reduces patient discomfort which can
provide specific radiotherapy devices to each patient.

The employment of 3D printed devices, based on the anatomical features of each patient
in radiotherapy, such as bolus and fixed devices can reduce daily uncertainty (in
radiotherapy) and also increase the accuracy of treatment. 3D printing technology
enables users to employ various materials for better performance of radiotherapy
method. So far, several materials have been used and evaluated to produce the desired
3D object via the 3D printing technology, including polylactic acid (PLA), acrylonitrile
butadiene styrene (ABS), polyethylene terephthalate glycol (PETG), thermoplastic
elastomers (TPE), Polyamide (PA, also called nylon), thermoplastic polyurethane
(TPU), and polyvinyl acetate. The accuracy and efficacy of 3D printing technology
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highly depends on the performed materials for creation of the 3D objects.

PLA and ABS have been introduced as the most common performed materials in 3D
printing technology. PLA is a type of odorless plastic polymer which can be used in
many industries, such as biodegradable implants and food packaging. ABS is more
resistant than PLA which can tolerate the high temperatures. PA material is flexible,
very cohesive and very resistant as a plastic polymer as well. The most common use of
TPE has been introduced in the construction of flexible objects which with the use of
this material objects can be created in a short time. PETG materials are a combination
of PET and glycols with different concentrations. All the mentioned materials are
available in the form of filaments with diameters of 1.75 mm and 3 mm.

Performed investigations in our present work have shown that patient-specific devices
can be generated from volumetric CT images or MRI data by 3D printing. In fact, 3D
printing technology has great potential for improving the accuracy and efficiency of
personal radiotherapy which this technology offers a relatively inexpensive and
effective method to produce devices based on individual anatomy in radiotherapy. The
practical usage of the 3D printing technology in radiation therapy can improve
treatment outcomes and reduce treatment error which the weaknesses of traditional
radiotherapy methods can be eliminated. Due to the advantages of this new method, the
main aim of present review is to introduce some applications of 3D printing technology
in radiotherapy, as a new approach in this therapeutic method, such as bolus, phantoms,
brachytherapy applicators, filters, patient fixation devices, compensatory blocks and
grid blocks. In most of the performed studies, the advent of 3D printing technology in
the field of radiotherapy has been reported as a cost-effective and accessible method so
that more practical parts can be produced. Performed studies also showed that the
favorable agreement between the printed model in terms of matching the unique body
geometry of each patient will reduce the side effects of radiation to healthy tissues..
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