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ARgste] Fshs dAgE TS oHA vkt
(Adrienne & Manigandan, 2011). ¢]2]3t &=x4d%
NE e SAES flte] AYABARES A E5F
WA EA 0 2 tpokst AR B 7|5 Al2ksto] Al|a-3kc)
(Lannin & Herbert, 2003).

AR FAR] QTS T SRl A EERT] A
ZE?:L_ 5\—”% A9 715 AQ) A= SlEl St A
S o] &3Eto] AAS x3sl 7S A
] 7H°J°ﬂ7ﬂ ﬁﬂﬁ E% A=t JJrX*J% olE °”“§%°ﬂ

A A

JJ-ITO]*C 5= 4“]7‘5_}3}(7@7&‘, 2008; Cooper Ohnabe,
& Hobson, 2006). ¥.%7] (orthosis) &= AIA|o] =3t
50 s dlalsta wE SutEA Fdshy M-S
oits] = 2oz HygolA(brace) > AZHE
(splint) 2 &3 5, 2012; A%, 2014). u}
2hA] AYR BARE AR o' B3 A 9] 715241 A

&= 218t AERES A AFelN FAHOE AHs
a1 Jtk(Jacobs & Austin, 2013).

I8y AR AZHES AR Y A2k
A $HI Afol7} A1, ofof wh W vt
of gA=2 2H8-g 7195k Sl A7 olth(Rahmati,
Abbaszadeh, & Farahmand, 2012). ©]¢] n}2} tjos=
o] A= AR ZT] JAE Fal o Al kA
U, A sis Fal 71dE S TSk sk A
5 F iRl Bt BAT)E 7HA] HiMkaL AlZA| o]
o A= wilo] glom, Z1AdES o]
Q7] witoll 2gFto] F£A okar, YEAKOE Alv
A& aefskA| Fab, F9)7h Atks wido] Itk (Kim,
2016).
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il‘/

2005). 3D ZHE|Q]
714 (3D printing

N g Hl HS
>,

=4 U= grfshs 3D 2/
technology)< #%7}% (additive manufacturing) %
Aor =A1E £Yshe 77 lEelvH(Kim, 2014; Yun,
2013). 3D ZAY O AlEE FHs] Sfeire 2
go] FgAo|t}, WA CADAZEd oS 53t neley

AR o7 doleE Ak = 1o, teo & 3D A
Hs ol&dliA dolHE ¥e 4 UthKim & Jung,
2015). #+ 3D Y #d 7]%&9] dd 5aio] v
ol wpe} Aol v& st H &, AsA,
ZA, o8, wEtok 5 TSt Akl Eokell A kAl x
712 W23 §Ith(Cho, 2015; Jung, 2014).

I FolME AR B AlEte] FARl o Fitofell A
B2 58T 9 A8 ARZE STk ol FAR1d],
T ol AHAR FH e Bl thEE AR Ak |l 7HQl
SR Algte] golsh HE fato] dAFo® Al
o] 7Fsétrhz 3D 2" <] 3] wiEolth (Park, Park,
Lee, & Lee 2014; Park, Yim, Yang, & Kim, 2015).
olg3t 7144 EAJof| 7|HES Fof Q1 ], AT 7,

& WA, dgAlo}, AR YR, YELE & o)A 7kt
*EXL Rk ofue} A 9jo]l ABu = HET, o,
T AA B - A7) ARl 3D ZHIY es A

£ sle= A =7} o] Fo] X 1 Itk (Wohlers & Terry,
2016) Al 3t o & Abby, Richard, Campbell2}
Guy (2015) = dARZ71E 3D ZHE 7|=2 4714
Az oz Azsto] A2 g3 Evigt e 7
EE Hushs ATE skglen, Bxr] Agtel] 7 4
ek 3D ZRY 7= AlxgS A et =l
ME 3D TUE 7S 1) AFet 283k A7 7
=31 glrt Heo(2015) & 4789 SJ57]AbellA 85:3F
©] 3D B9 wS3gE olgatAl shar 571H4¢] A
RZ7|E 3D TR E AFste] IR, vl A%
AIZHg Blwsrelon, 3D 2y 7|&o] BET| A 2
A8d F s Ps”" AAERAT olHF A=
421 A8 o] AwrES XSl 3D ZHE 7=
S Bz ;q]xloﬂ x%&o].oq

39,

A 54 B3] Hget o
BY 271 ARG AR A2 & 5 90
3DIAYE thk A ok B8] 5L,

R A 94@—{01:—5— 7V gl gtk 7y
I 3t} (Jakab, Damon, Neagu, Kachurin, & Forgacs,
2006; Hockaday et al., 2012). 71 o] A4} 7
3} 9)8h7)4z 0] whAEul olUg}, )o19] Ak uked st
ZH%} 549 8717Iv Bx7] AFe] @Ad3HE o]

% icke 71e) wioletaL & - 9ik. Eak, 3D

5] SARLEA B S AW Sl o)
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SallA 2L X 8717k @o] 7Fs3HH(Kim, Lee, Kim,
Lee, & Han, 2015). W2hA] 3D Z@Igo] &% o5&
ofe] ;A M|~ F bt & 7hsAdo] ke A
S, olmatofel & Aol It Sltk(Hong,
Kim, & Im, 2008). o]&{st 7|t} &ollA 3D Y 7|&
o] AGA 7 Fofel|A FET] AJFF om, 9} 8
9le] tfgta} HAelx A LS f1g A7t E Aol
akabA WaE T gk

olof| ¥ 7= 2013 194E 201749 12€7H4)
H o ok i =iE Sl 3DZHY Ves
AR ZT] Azl &gt Abglle] thaf Yrobrar

5

A zRoklM PGS AT 71E2IAE ATt
7] S1el Aot JRE Adelshal EAstaat i ol &
ol AR BAR RS T sl A BE) A2
Oﬂ 3D =7 7]%‘-" Agat7] 9%t 71 x2A R B

2 A= 20139 1€95H 2017 1297F4] A 5

Z7] A& 3D ZHY 7es AL A== AES
7] %8k Pubmed, Scopus, RISS, KISS, Google
Scholar Hlo]EJH|o] AE ALE-a1e] o) =29] 4%

o AAE BAE SRS B A4 A8 T2
ZAo}= “3D printing AND Orhosis OR Splint OR
ARE-SESATE

Brace™&

2. ==9 Y|

M

1 Al AAA 12 98 s A A,
& 16712 =1o] AU 7} Hloe o] AeA #
H F 85709 £ 7, A oR 1 U HEREA]
2 7t dlofE o] A%t FEE =i 1A O% A
aoq, 7117H4 S T Zﬁ*—'ié}%‘:}. o5 wAlA =}
M 255 AEsI9loH, 28 Al dEgRls
= W oR o o] uijAl7] el whet 2214 0% A ¢lst
1 #F AT (Figure 1).
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1) BYHIZ|Z=

(1) 2% 3 HERY =&

(2) &7 ol29 ChE MA 27| HH =&
(3) Aol 2tet LEol ot ==

(4) =22 W&ol Ho{Jt ot =2

Search key terms :

“3D printing AND Orhosis OR Splint Or Brace”

857 articles identified

Filtering: Review & meta analysis, duplicate article

711 articles identified

Filtering: Exclusion criteria

16 articles were selected in this review

Figure 1. Flow Diagram of Search Process
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B Aol 3 =2 A3 < B SlaEA
Arbesman, Scheer$} Liberman (2008) ol 2Jsl] 7iate
& beAle] AA 2 E@.E“‘il% AR 7HE
= 2ATES! Level 1 (AR 1z, el 72
AzAHAT), Level T (GF ’Q‘ﬂr H]F2R9] 1),
Level MI(F Aot v]7-2k9] 191, Level IVOIEAE
AT, AT, Level VARG E AT 57

skal it

4. A7 =4 3 HAIEE

B Ao x= 7)) Qe HE A9 1619 =7
BA510] 71&e9inh WA A £ L Sl s

A5t R0 7 3D ZHE 7)4S AR H27] A
o A48t Wb ol tja)] 2otr7] 95t xﬂx]—x]_ A,

2lst7] flal A=t -
71 F5, AHEE A, AT, S o'
Appendix 1o A&t} w4 i

Fsto] AAEH 2 Appendix 1914 g1k 4= Qltt,

Table 1. Level of Quality Each Study

1. BM 4 olpo BN 47 U 53

A O = F 1690 A4 S A5 49
7 =2 2 [l dldshs =ikl 1He®E A
A2 6.2%F 0™, A ?%8— A3t MeHA 45

oA m
& AR AR “417\1_ = (Randomlzed Controlled
Trial; RCT)o] oM, VEbAl 2] 1382 25 Al
X3l (case reports)©] Atk

2. 3D =2l Jlzs HEet gA 20| A
RHHHEH HA]
—ToH-d =T

BZ7] Az A3 =Fo
A AZALL] g vl ThFglvh ATRellA] Bhel Azt
k0] HE2 BF 9FFS o, A B, 38 9,

Rl 165‘4 = 5 Al
 AgixIRet 4

ﬁol 28 (12. 7%) AR S Z130) J1(6 2%) It}

7TH(43.9%) 0.2 7P wWeokow ymx] %5#7410—3 A
2 74z} 184 Uttt 7 o FAG T Tl A

(N=16)

Evidence level

Definition

Frequency (%)

Systematic reviews,

I . . 1 (6.2
Meta—analyses, randomized controlled trials
il Two groups non—randomized studies 0 (0.0
I One groups non—randomized studies 2 (12.5)
v Single subject designs Surveys 0 (.0
Case reports, narrative literature reviews,
\ L 13 (81.2)
Qualitative researches
Total 16 (100.0)
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o] 247} 1384 9)3lth(Table 2). A9 R BE gERo on 5 oo Ha 1]
oA Al 47le] 245 AFgatel AH BT S AHS

2) AXEx7I9 BF Stk 7P ol AREE Al 371 Aol F4d st
ATto| A AztE AR RZV) 9 £FHE= HE 6279 o]FoyZ ~Efo|#4A] (styrene resin) 9] gt FH/QA

o 3 adgtoa Ha 17heM Al 5719 AR Rz ABS (Acrylonitile, poly—Butadiene, Styrene)<#] %}
= AR F 23702 A BT 7F AR Sl 7H om, 9H 2 =to A AREE Y] 45%9] M =2 HlE

o] AZE ARRZ7]E F3 Y BZE7](cock—up S A TR0 R AFS S S5l =T
splint) 9 &7} B27] (finger splint)©]™, 8714 A =ug A 18 4791 PLA (Poly Lactic Acid)4*
Zrwlo] 7247} 34.9%90) 71 & wlES AAEglh o A7F 4] w=Eell A ARE] 20%9] HlEE Bl
So7 PArE M= BFEY) (resting hand splint) $F 71 o2 e A= U3 e4do] 73 TPU
£ 74 X 27 (gauntlet immobilization splint) 18] (Thermoplastic Polyurethane) 7} 2] =&olA A}
1A YA 1 27 (thumb opposition splint) 7} 27§14 S50 10%9] vl&S A}, YA 4 5A]=
AZElo] 242t 8.6%2) vlE-= A8t 4] WA &= 74z} 194 ARE Itk (Table 4).
B 27] (anti—spasticity hand splint)+= 1717} #|2H5]
2AtH(Table 3). 4) 30 =Y 7|89 Hx3Y
A =molA AR BT AFE HE) AR-E 3D
3) Mo ASE XY TAE AR 4790, g Aol A Hulf 47
3D Y 7| 285k AR H2T] Azt A 28] A xS ARste] AR H7E A&kl 7F
Table 2. Major in Producer (N=16)
Type of department n (%)
Health Occupational therapy 2 (127
Radiology 1 (6.2
Engineering Mechanical 7 (43.9)
Biotechnology 1 (6.2
Rehabilitation 1 (6.2)
Medical device 1 (6.2
Materials 1 (6.2)
Design Industrial 1 (6.2
Clothing Clothing & Textiles 1 (6.2
Total 16 (100.0)
Table 3. Type of Splint (N=23)
Type n (%)
Cock—up splint 8 (34.9
finger splint 8 (34.9
Resting hand splint 2 (8.6)
Gauntlet immobilization splint 2 (8.6)
Thumb opposition splint 2  (8.6)
Anti—spasticity hand splint 1 (4.4)
Total 23 (100.0)
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Z Wol AR AZFFHE 719" =Zo & 4= A3 A ASHkAlel SLA (Stereolithography) & 2+
7} 1
7}

o] Z=Zo|(layer by layer) Z=38}= FDM Fused AFE-E Y (Table 5).

Deposition Modeling) ®-]0] 168 2] =] A AHE-5

o} 80%9] & Hl&S ANk theow 4aM 7] 3 AK| 2F
$2 o S WAk WHoR Hzshe
Polyjetdje] 28] wmelld AEHSIT ARA A0l qipepn) a5 1609 =R o 44
A 242191 SLS(Selective Laser Sintering) 9 3 W27)2 3D 2y 7)se A2t u) ALLE A 27
Table 4. Type of Materials (N=20)
Type n (%)
ABS 9 (45.0)
PLA 4 (20.0)
TPU 2 (10.0)
Verowhite 1 (.0
Tangoplus 1 (.0
Accura xtreme 1 5.0
Pa200 1 5.0
Fullcure 1 (5.0
Total 0 (100.0)
ABS: Acrylonitile, poly—Butadiene, Styrene, PLA: Poly Lactic Acid, TPU: Thermoplastic Polyurethane
Table 5. Manufacturing Method of 3D printing (N=20)
Type n (%)
FDM 16 (80.0)
Polyjet 2 (10.6)
SLS 1 (6.2
SLA 1 (6.2
Total 19 (100.0)
FDM: Fused Deposition Modeling, SLA: Stereolithography, SLS: Selective Laser Sintering
Table 6. Method of Measure Upper Limb (N=16)
Type n (%)
3D scanner 13 (82.3)
Length measurement tools 2 (11.8)
MDCT 1 (5.9
Total 16 (100.0)

MDCT: Multi Detector Computed Tomography
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e disiA] EAskGItE ATl AREE A S5
WS B 7T 7HE o] AR W 3D &
NUE AHESE A ZG o 1399 =mellA] At
E5o] 82.3%2] &S AAsIGITE teoE 7y
2, EA9) A Ho|SAEAE ARESE A8 A &
Aol 239 w=ellA AREE ST MDCT (Multi
Detector Computed Tomography)< ©]-&3F AlA| &
YU 189 =2l AFHEESIHH(Table 6.)

v, o &

A2 GAls FepoldES] el o F Vs
APE s, FEFAT TRl AN 9
S uE Qe A EEIE A1 3 9 Sk
AE AAG Feel o] AlZETE(Adrienne &
Maniganda, 2011). @A7FA] AR 27 )= 2GA 24
i Aoz AR QAN 3D THH o7 A%
A Alge A ke AFAQ A AEEAE

B of (ot

wlel AMolo] 9lt}(Palousek, Rosicky, Koutny, Stoklasek,
& Navrat, 2014).
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Z¥zt 2704 Al 9l
A &= St o5 %i—*doH B EEa) Erjet J&ﬂﬂ A
AR Z7]7F wol A2rE =], o]+ Gerr, Marcus®}
Monteilh (2004) &} Kim, Park®} Kim(2010)9] <+
oAl ofer|eh= FASFEI S} AnFEE ] B3R ddQl
= Eato] sk £ ol ARESta 9o, VDT
(Video Display Terminal) 9} ¥##¥ AdtS0] vid
57}6}1 Ao £ &7k Foolof ZFAA A ] ut
—1—7}0}1 ATH= A9} Weks o] skat 9tk
Utk olell we} w2 Aol X B %] Fof
7} =3 Aol ol H1 gl AXREVE g
AAE AR A
AR Z27] Az AM-E 3D ZHE 7)) Alxy
HE HY8 2 Ay AR AlZRTHS 90,
ABS$} PLAZAE AHg-8h= FDMA|Z3Ho] 1692
ol A ARgE O] 7H Wol AREEQITh 71wl AL
49 225 ABSTA R 9H 9 =HolM AMEo] A4
9] 45%101, the-0 2 PLAFA|7} 431 9] R0l A}
£50] 20%2 AAETE 1 HE TPUFA 7} 239
=EollA] ARSE AL, WA B AE 247 1R
A AL QIT) 0] 9} o] ABSS} PLAFA7} ol AL
ol vl Ayt 7H2 ] EgkaE AAjoln, 7}
2 g 3ts] o3l 3D ZAE 9] FDMAIZ g A A
L5 7 Ql 2Ao]7] wWiEo R AFRHTh 181 ABS
A7} PLATFA ] H]3) t] @o| Al=tel] ARE-H o]f+=
PLA®] Hl&l] 257} a1 5823 Gof| a7 wjitof] 91
Aol Zg-sh= Hxr) Aol st sy o7
A1 g 4= 2t} (Kang, Lee, & Shin, 2017; Ko & Lee,
2015). YA S5FTA 9] ARRIE T} W2 o) fi=
2] 7hAo] HAka 117ke] 3D T E| A T ALgo]
7hstths ol & AbmEth o]y st 3= 3D Y
71%] Az o] Ek 1 o] fi 1EE 169
o] E=RollA 17}ke] 3D ERE oA AFRE = A2
o] B7E GHA b7 wiiEolh, AR HE7] Al Ab
€9 3D ZHY 72 AlZzdHe T4 AT AR
2 T A 0H,  AFela] 47449 A
S AHEEE] 1639 =itoll Al AREE 19719 A
% gl 1324 ABSS} PLARAE AHE-38)
MA| 23 o] 168 2] =7ollA AHgEo] 718 %

lo—Wiﬂo
o?:l'mtom}{g
~|
o

O

O

U‘Eﬁﬁ

fr BN e o
OH ol

o] AH-HYITE o] FDMAIZ o] 2009l €317

&5317F TR s WA 7P w2 3D ZHE A AY
$F 7]=olar, A AAIA oz 7 Wol ARRE AL Qlth=
Ao} 1 ks 3 Skar QIvk(Shin, 2015). Tl
2 Aol AAE BARS= WA 9] polyjetAllEaH o] 2
AO| =M AR Q1AL SLS9F SLAAIZ 3L 242}
ot WA AREH QITE o= polyjet?} SLS, SLAAZ2H
& AHsh= 3D ZRIE7F a7ke] Anlo]w, AREE &
A Bt 7hAo] npbA] Akl Qe St A B
HHglo] WA 97] wite] et ARE =& 5 Sk sk
Tk Abby 5 (2015)9] dTellA B27] AZtell FDM,
polyjet, SLA, SLSS] AlZFHE 2884 vlwsj: 4
¥}, Bz7] A& 7H A gket AlzE > SLAC]SIT.
webA SLAA|Z SR 485 BT AlA 97} ke
i I A R K Y e e e L T B B
oA EAH o7 XA H FDMAIZEH O F4dA o
o AT FHH o Festha AzbE

3D ZHE 07 AR 27 AZS 93] AFEE AA
=7 Wl dhal] 2A st A}, B 47EA] Wo] AR
E o, o] FellA] 3D A7NAE ARE-ste] SAeh W
o] 138 =itol|A AHE-E|o] 82.3%2] 7Hd =& Hl&
= B3tk oli= 3D 2ol 7H7HRIS] AlA A 5Adel
;Ha]- ARE X 5:—5—].1 2 ﬂé] =7 3 ZI: 9%1‘_:. lﬂohﬂ_i
A 54 Al Afstch= A+teF Weks 3 ek Qlvk
(Kim & Nam, 2001). &FA|5k 3D A7HUE ARE-3sEe] A1
g S Aslixle I ARE AAE FABl o €
Th= Aol AA) 82E oo s ARgsl7]ol= o |tk
+ AFo] 3D AHHE ARESE AN BEA o E
AAE 2L Qlek, WA 3D 20U E AREslEH A Z 0]
U rle] £ W o] FHbE AR E vkE A4
YA A8k WRlell tish A7 F7H ez e
S o7 AlsEh vgo R AH s, E29) 22 4

O|SAET7L 28] =Folx] AREE ST 7.4_01%— =
T2 AREE 790l CAD AZEg ol 4 3=
v o s 3D Ry sfof sttt shA|Rk /ﬂxﬂh A
=49 PeE 24} glo] SAs)7F o7 wiel W
HE2 AREE Ik Bz 28lan MDCTE
PAPISE gzt oJalf 139 =woll A AREE AT
(Seoung, 2015).
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20129S 71707 3D ZHE 7)o] Fakahda
He A A9 358k Ytk (Kwak & Park,
2013). wEhA £ At= 3D g 7]%S 183 A4
H27] Azl st A A4 12 3D Y V)E
S A BZT) Al 243 1699 =7-S A5t
T-o) AA FE, AAbe] Ay, Al AR R0
7, AR Al Az 283 RS
 AaE BAste] nFsgle) o]y d EAAy
A7 AN D A5 A et T =
2RI A} 2deld 3D 238 7S 45
F7HARl A5 Ay wf 7| 2ASE ARE S
RAOZ 7|jenh, Teu & Aol A = A
3D ZRY 7]&o] A48 ARz gt A
ghadtkar 8 4= §l7] whitol Aldbdo] EAjsict. 1z
I ORES] A FEo] Abgl Rl Aol tiakAl rEg
7J7dqlo] thiroloja] eko @ ol AR HFT
=

= o 2 o

—_—

AUk AR AR 2719 S 67F7F e 7t
7 o] At AR 73 RET)eh &b
B27] o]tk Aol AREE &A= 87 AR E2f
2~E] 219l ABSSF PLAGA| 7} tiF-2] Aol Af
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Abstract

A Systematic Review of Manufacturing Method
for Splint Using 3D Printing Technology

Choi, Won Seuk®, B.H.Sc., 0.T., Kim, Jong Bae**, Ph.D.
“Dept. of Occupational Therapy, Yonsei University Graduate School
“Dept. of Occupational Therapy, College of Health Science, Yonsei University

Objective: The purpose of this study is to investigate the application of 3D printing technology to the upper limb
production through a systematic review and to summarize and analyze the necessary information to provide basic
basis for future clinical application in the field of occupational therapy.

Methods: For the last five years from 2013 to 2017, the articles were searched using electronic databases RISS,
KISS, Scopus, PubMed and Google Scholar. As a search keyword, "3D Printing AND Orthosis OR Splint OR Brace"
was used. The searched article were classified through the second classification and finally 16 article were
selected and analyzed

Results: About 80% of the article to be analyzed were single—target experimental studies and case studies with
lower quality. As a result of analyzing the producers major, it was divided into four major categories. Among
them, the engineering department was the most, followed by the health department. Six types of upper splint were
manufactured. Cock—up splint and finger splint were made the most. ABS was the most commonly used plastic
material. There are four manufacturing methods used in the analyzed article, and the most used manufacturing
method is the FDM method. As a method of measurement, 3D scanners were the most popular method to
manufactured upper splint.

Conclusion: In this study, we learned how to make upper splint using 3D printing technology. Based on this, I would
like to provide basic data for applying 3D printing technology to manufactured the upper splint which is one of the
occupational therapist's job scope. I would like to present a direction for future research. Based on the results of
this study, it is expected that the development and research of upper splint applying 3D printing technology in
occupational therapy field will be more active.

Key words: 3D printing, Fourth industrial revolution, Splint, Systematic review
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