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Additive Manufacturing of TMJ Device used in Temporomandibular Joint MRI Scan
by using 3D Printer
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Abstract

In an examination of the temporomandibular joint disc, MRI(Magnetic Resonance Imaging) is
a useful method, and it is necessary to conduct an examination with one’s mouth open for a long
time to observe the accurate position change of the disc. Thus, this study would produce a TM]
device, using the 3-D printing technology, which would maintain the state of opening the mouth
and would evaluate its usefulness as compared to the existing fixed device. As compared to the
image using the existing TM] device, the image taken with the self-produced TM]J device with
a 3-D printer showed a somewhat lower SNR, but there was no defect for a clinical use. It is
judged that benefits to costs would increase, since it can be customized for the individual patient
and can contribute to the production of similar tools by utilizing the 3-D printing technology.
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% 1. PLA MRI phantom(left), PLA MRI(right)

Phantom %3/gollA] profiled 1% ¥ PLA Z7]&
Aty Al =710 Hlal] 178mmE 0.02mme]
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1% 2. 3D modeling of TMJ device
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) A&% = STL(Stereo Lithography Apparatus)H!
2 Rgsta[17 3] o] 39L& G-code FLS A
T 3D = FAo L8t s St
& 4][8][13]. o]l G-codeTtd & A3 A3 Eatel
A =23 0 2= Ultimaker AF2] cura 2 AH&-8F 1
3D ZE FDMO ZE 29 Moment 3D
printer& A& TE 952+ €& 718k &80 ¢
ojvbal Sr7h WolAW o] 2= F7kad ETkaE
AL 274 1.75mm ) 2314 ZekE (poly lactic
acid, PLA)S AR&-3tHIl

1% 4. conversion STL file to G—code, red circle is
deposition height
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Basic AdvancediPbgns‘slanjfnar(icade Basc_| Advanced |Pugns | Start/End-GCode

Quality Retraction

Layer height (mm) 0.2 Speed (mmys) 30
Shel thickness (mm) 0.8 Distance (mm) 3
Enable retraction v Quality

Fil Intal byer thckness (mm) 0.3
Battomy/Top thickness (mm) 1 Intial layer ne width (%) 100
Fil Densty (%) 60 Cut off object bottom (mm) 0.0
Speed and Temperature

Print speed (mm/s) 40

Dual extrusion overlap (mm) 0.15

Speed

Printing temperature (C) 215 Travel speed (mm/s) 100
Bed temperature (C) 0 Bottom layer speed (mmy/s) 20
Support Infil speed (mmys) 0.0
Support type ’EWWM‘W TS| | Top/bottom speed (mmyjs) 0.0
Patform acheson type | Bim 2E | outer shet speed (mmfs) 0.0
Flament Inner shel speed (mm/s) 0.0
Diameter (mm) 1.75 il

Fiow (%) 1000 Mnmal byer tme (sec) S

Machine Enable coolng fan
Nozze sze (mm) 0.4

Z19 5. Moment set point
S8 FolE A3 Qs Bk )T Abo] 2ol B
A= 5%74]94 TM]J deviceZ 3D ZHEE o] &ald] &
E& AZ 12cm x 7FE 85em AV R &

AIZF oF 3/\] T AE7F AQ AT 6]

% 6. TMJ device 3D printing
(a) Handle, (b) Bite with a mouth, (C) Support
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a3 7. 483t ® TMJ device

AR | 2= 30T 2713 99747431 (Magnetom Verio,
Siemens) ¢} 3241E Head coil Y& AH-8-3}9Th Fast
Spin Echo 7|'H& AFg3le] TR 500ms, TE 83ms,
FOV 120mm, slice th. 3mm, slice gap 1mm, NEX 2,
matrix 240 x 240, scan time 2% 30%%c} t]~=9]
gt ) F-eA IAE BEE] A3kl Tz

= g5skAHE 1.

3 1. MRI parameter

TR TE FOV  Slice th. Slice gap NEX  matrix

500ms  8.3ms 120mm  3mm Imm 2 2242;
5. 7P
I Frhs A% Hret 4AH B2 FE
A HrpgHo R %%J‘J Edow 54

2] I (1=unacceptable, 2:poor 3=fair, 4:good
S5=excellent) = 3o} 104 o] T3 MRI HAMIAL 5
rgo] blind test® 7}ttt AF4 Hr7pgHoss
=3t oAbl A ROI(region of interest)S A3k

2Dl hgstel ALtetsicH2d 8l A4 &

2 SPSS for windowsVer.21(SPSS Inc. Chicago,
and IL, USA)S AM&-3FSith
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(mandibular
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process)

19 8. ROIAA

Signal mean
Background Noise SD
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7} A3} TM]J deviceZ AF&38HA] & 7
71&0] AMgSE TM]J deviceE AFE3F 7%
0.24, 3D printing TM] deviceZ A3 49
0.25= vepyct BdA i (articular disc)ol o
AEE TMJ deviceE AMHE-8HA %2 74 268 = 0.34
7)1&0] AFgSE TM] deviceE AME3F 7% 432 +
0.21, 3D printing TMJ deviceE AF&3 ¢ 422 +
0.18% YERt) 7]Eol AFE-S= TMJ device$}t 3D
printing .2 &3 TM] deviceE A& 49 2%
TMJ deviceE AHE3HA] 9kS Wl Rt} motion
artifact7} 243893 B4 HAF A 523 t]~a9]
HEE =A B7HEAHE 2]

3 2. Qualitative assessment about TM joint MRI

motion artifact ZAEE disc2HEH 05

3d 3d
A|’§- I|E TMJ printing Agorat 7|-’.'_‘-TMJ printing

ofet  device  TMJ device  TMJ

device device

casel 5.0 1.2 1.6 2.2 4.4 4.2
case2 4.2 1.6 14 3.0 4.2 4.4
case3 5.0 14 1.4 2.6 4.6 4.4
cased 5.0 1.0 1.4 3.2 4.0 4.0
case5 4.5 14 1.6 2.4 4.0 4.2
case6 4.4 1.6 2.0 2.4 4.4 4.2
case? 5.0 14 12 2.6 4.4 4.4
case8 5.0 14 14 3.2 4.6 4.4
case9 4.8 1.0 12 2.6 4.2 4.0
casel0 4.6 1.0 1.2 2.6 4.4 4.0

average 4.75 1.30 1.44 2.68 4.32 4.22
STDev 0.3 0.24 0.25 0.34 0.21 0.18

9 9. without TMJ device(left), commercialized TMJ
device  (middle), 3D  printing TMJ
device(right)

a . Condyloid process
b : Mandibular fossa
¢ Articular disc

2. A=A A7}

A2 B7t A3 SNR 7E2 TM] deviceE AH&-31A]
k-2 73 articular disc 11.94, condyloid process 31.60,
mandibular fossa 2348 S A} 7]E0d A&k
TMJ deviceE AFE3F ¢ articular disc 24.49,
condyloid process 37.69, mandibular fossa 42.18 =4
A}k, vA ko 2 3D printing TMJ deviceE AF&-3k
749 articular disc 23.01, condyloid process 37.34,
mandibular fossa 39.302 ZAHEJTHE 3]. B gk
Ed|& 3D printing©& Z% g TMJ devicef+2l8<
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3t 3. Quantitative assessment about SNR of TM joint

MRI
without ~ commercilized TMJ ~ 3d printing
TMJ device device TMJ device
articular disc 11.94 24.49 23.01
condyloid 31.60 37.69 37.54
process
mandibular 23.48 42.18 39.30
fossa
V. 2 9 48
A7) E AR The kel mskel 21 AA} A
Zro]l Q7] wlEoll M HAAZHEE $xle] 4
F ApAFAE A AL e A Qe s

Fastch Be] $2e Anskshs Ao Fash
[101. mebA MR HAke] 54 4 AAR-91o] me} 3
4 A7k Dash, olE@ =
MRI 340 3 v134) ¢
Ao} ek, mak DA BFY Azl
REHI0L. 3415 MRI HAk] Abg 3k 17 3AE A
A0z Astel Aol Aetel glar tE ulgo] 1]

ek ol gtk

7] Slafel Bz %A 02 WA glofof Sz B
HE A3 9T, W 3D 2R S Feate]

4 A2 A B9l MRI o AHg7Fs e Al
& HOF 9 )& 24 FAo) wstel A
ARG & Qrks Aol Ak SR FE) A
PLA 274 BehilEt Sehag) arl2A vas |7
oIk A4, ARl efska F71o] ojel i
Ao gmsis 542 A deH1s) el
PLAS| Seteh A9 Qlsle] HRL Pl Fi= 5
AIA BAFE F 5 Au F5 ob] A2 5 9

th= @do] ldnk 3 PLA A4 ZelulEee] 4
&N FHE FAAATY] S5t gS HETe B
(29 6] b)o] ofaf Yoz Ba o dl AI7HS F4
she Aol gd 87t o] AXHE st
k] ofe] WMol 2ERAHS A EHES ok
sz ofElgol AT YnkH oz A EaE
MRI ZHAL Al stepe] he L7 A& AREsto] 34
o] JNTAtolzel| Biro] e & HANES Al
vk 3D ZAE 74 e 14 FHAE oY
A steps THEY] 9J8te] S5 02 AAE o] &
5t stepe A3t 3 skl ot MRI AALe] 543 2
o] 2=

FEANEE AT 7 gl Aodell A9}
o7 Fo glo} F2E= ke 1£E PLA who
52 A&7 B7Fssl T2 E ksl

=
&oHA] ofal A Apo] = AlgtE o] S et

fr

rir

]
N m

o]
= FF ATolA Bk Fojof 3 W Ao] glrtu A
Zbghet
DAY 71 B o5 ol L4413} Aol
upe} DRIPEA] vy §- 59 AYgoR X ¥
A B2 A7t o] Folx| 3L givk. CT/MRI 9| =%7% 7]
&g VMo R FEAlBY oA, F& TolE B A%}
9 3Dz F8-2 & A A QTS
ARE7E Eo] HaE A vt HEg A efol] 283k <
=, o4 T Rx|Te} HlwA A fgge] v
23} BWEE T 9A] dA] FEeAle] 7k et
[11]. AA) o)5e] Jd#&el glojx] 3D e E &
£ A EHo|AE 53 & Tlol=e] AAY AAF
71¢] LA W= iAol tigk FoE FAH o2 oy
gle} AzZtEE o] g0l ek} FAlo] (85 sz
ol3hs & 4= 9l 988 3D Za e Hhdo] 7))
k. o9} o] CT, MRI ¢ 22 2594 o|nA&
7o 2 QA A ExFel s P TE ARl
S 7Fed ) Bl o1 8 Bopx e} £ui{12].
B o M= o]H3 3DZHY 7)ES o] &3] A
THEE FAXNAE 1A FX(TM] device) & A5}
i o] 7|E A AR e} HlaLste] f-84ES Hrketa
2} 3Tt 71% TMJ deviceES AH&-3F Akl 18] 3D
ZHUEE A A3 TM] deviceE A3 4ol A



oz} *}» e

Frad

s

[1] http://terms.naver.com/entry.nhn?docId=938777

(2] HF&, st v 7 7] E G Ao 57
sfofatd elak Wl ere] A AL, A}
89 =5, pp.l-2, 2002.

[3] http://terms.naver.com/entry.nhn?docld=2853423
[4] VA% “Z=Satola A o] alzh7) 3 At 2ol
73 A1 Imaging Science in Dentistry, #129

A, Al23, pp.407-410, 1999.
[5] vy Aolod Atk HAY “SFaletibA ol
AR 388, A28, A3,
p29 =297, 2012.
(6] °l 6]—1 7, “MRIo g+ SFatotvd ol
R =) | Apets] #| A|3234, Al
.261-270, 1996.
Jotd 73], daArlerle
skA g 2014
17} A}H DICOM 3 e

fol Lo,
o
O>'

8
)

)
il

(7]

o,

ke, 217]

2 of
o ﬂ

off of
¥
.ﬂo‘?:
A
:‘,J:r‘.:

oy ok
N

8]

o

H oo
2 r_(‘>1_4
w
ok N
o
rl
1
e n“
J.?L ot
dob e
")
M g
> Lo
ogh
,é
R
Rl
o
R o
o o

e

, XH 164, #2355,

3
%@
&
S
(@)}

(9]

U oox g

o ope ¢
1o F—{o{n
w

-}

[H

e
o,
roh o
H
e
=

[N
)
tob

i

Sl
N

N
e

o

w24, A0, A63, ppA403-409, 201
[11] gd-g, AEaf, “ejgeoF 3D =7 7]@%

& A7) AAA R, A28, A7E, pp9-20, 2015,
(12] ¥+ 8], W18, o]d, ol4t, 3D ZHHY

CT)

£ AA =
A3, A12%, pp.1067-1076, 2014.
[13] http://msnayanablog.me/801958243%4, 2013.3.10.
[14] K H. Herrmann, Clemens Gértner, Daniel Giillmar,
Martin Kramer, and Jirrgen R. Reichenbach, "3D
printing of MRI compatible components: Why

ol 7)&Eak” S Wb ehE] A,

every MRI research group should have a
low-budget 3D printer,” Medical Engineering&
Physics, Vol.36, pp.1373-1380, 2014.

[15] https://blog.naver.com/uonekim/220917032877

A 2 A N

7 & A (Hye—Won Jang) 314
= 2004 8¢
2771834 A})
=016 84 : F5 rﬂﬂﬂ o84
A& sr (AR
= 20066 39 ~ sﬂzﬁ FERA
ot w24

<ARE> 98T, R PYRs)






