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A Study for Comparison of Geometric Characteristics on Forearms for
Improvement of Convinience in Splint Manufacturing with 3D Printing

Technology
Ji Hong Chang*
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Abstract A splint is one of assisting devices for the disabled with hemiplegia or contracture and is
manually made by an experienced expert. Heated thermoplastic materials are continuously fitted to
the affected part. This traditional method has a possible risk of low-temperature burn, quality
variance of the splint due to the proficiency of maker. etc. While various approaches has been made
using 3D printing technology in order to redeem those disadvantages, they still carry high cost issues
with 3D scanners or accuracy issues with manual measurement. This research begins with
symmetrical characteristics of human body and focuses on the preliminary study for the possibility of
splint manufacturing with 3D printing technology based on geometric characteristics of unaffected
arm. 3D right and left forearm models of healthy male adults were created by photogrammetry
software and a series of digital images in order to measure the circumference and cross-sectional
area of the forearm models at every 20mm from the elbow. The circumference and cross-sectional
area showed tolerable levels of differences between both sides within subjects; The circumference and
cross-sectional area showed very strong correlations between both sides within subjects. From these
findings, the possibility of splint manufacturing with 3D printing technology could be confirmed
based on the geometric characteristics of unaffected side.

Key Words : Forearm, forearm geometry, photogrammetry, splint, splint manufacturing

This Paper was supported by the Jungwon University Grant for 2017 Research Year
*Department of Occupational Therapy, Jungwon University
Received September 25, 2019 Revised October 07, 2019 Accepted October 08, 2019



HASH7IEstel=24] M123 Ho=

476 s=¥

I

AFUSE: U 7159 97 £ U i

=

A 49 AHEEle P FAZA A2 A
2E 13 9 ZRoh= 715 gtk AZSHEE BE
o] §F YA, WU, B4 5ol uet ohfst FEIE 7t
A1 9lom gdutdgo g X7 IYS LA 94
A AgE (1), A AZUEE & 4 o) 75 4
o] drst A9 28

& 9o, FoEgA HEY,
gupdo] ozt %, Ay
=474 A 594 E} Fot 490l 289 & 9
Fole B27|9] W& 2009?_1

7% 9F 262 % 200792 <F 1802} o] H3]
A F7keke FAIE YERL Qi 22 7R Bx
7] A9 = 13970014 14972 F7iska Qo
200756 20099714 3d7F Hx7)9] & ujEA
B77]9] &9 8132€0] olo] 65291¥9] g
A8k Qlek. ol E15tal Aek o|5K43.9%)
9] Hz7] AAoA R&DO|l FAE slal 9Jom oF
1/49] Ex7] dAgo] A7dgzaS BRaka 9
= A0 Yehta ot [2]. o]2d AR EE BE
Z|AA O] ks Tt 7|20 Bxo] AF
o] g&sk Uge /5T 4 o

AEHoE AZEE EFuz gy, Z7tHEY)
o|E 59| Gt ANE AMESt] AlFE A2

WS o]gsto] # Fejo] A7t ANE 7HER
T A& AA H99 2} YAotes ASUES
_,Jltg oz x-]]xlo]-q- ]{-’Ho]— z%lix% O] ;e]];(]— HHL‘% k3|
Az oS- FASHA ARET Lot ot -
FEAE oplsit). AR, 7tAA A Ao Hl 3]
H A 1-2(70-80C)0NA 71EE & TR FEE1
2 A 2 HeopdAr AL sl wEgE A9
o] &t AA A= ol Ho] Th<st
EH AE2 A, 5453 ARRE ol 9
T FEI| Al AeE EOM HAZ A

lt lm
l

-

l

¢

[o

7o £79] A7}eo] olgojHof st
2 AL 5%*4 SR w271 Aek Al W
2 ARA] Seo] net AZeeo] SR 3

ol Helth. vX|9to® FUZH AFAFHoA = A2t
AddES FHsl7] ofFTt [3].

HAEHRA A o] 7KL e ol
HesP] YA 3D ZHT 7leg ol8Rt Rt o
Al Aol Al=E i °‘E} FUEL BEY EA9
Ha wgel] 285t7] flst] 3D g Vle= &
EUE Aol digt AFolAs &9 9 Sl
E7He] 8 RS fAQeR ST &
Z2Idos YUY e ¥ 3D ZYUHE ASUES A
Ao w2 ”J—éE% UErch 4. 3D
7l&E ol 83t &F Hxv]9| A%t 71%%
EHE AolM= t% Hz7|E HHo] 4
A 7S 3Akd BEd ot & AEYES
AR +AAE S HH AAE 7IREeR ]
g 3719 3D AU E ARSI fhethe RS 7t

A3 ek [5]. 3D A7|Ugh 3D mee 7142 ol8st
of B27|E AR E 2 AL AZAE B
2 o83 AEA A% /e v|nE o) AR

¥ Alo]o] kg Hlmct (3], olekgo] WEH
£E9IE A4 7140 g 185 Hoiel 30

o183t il ABRIE A thet o

B,
7t ’5”?41 At
3D ZHY 7]&S ol&st] AZUEE Aol

A9, A2 AN 9 PHE 1 5
A1 glonk theat 2L HHE AT Yk A8
AR Bgj0) i JRE SHe o SR,
4] 279709] SR wet 27 AR WA} e
A OI¢1 1 319 3D 241 A8l
8128 4 glonk [5], YAIA Hlg Sl watst
= 4 AHgel ATl sl Aox el i, o
| 75 5ol ST 3L B4 A 201 o

3 =

FlF

7} 3D Y 71 ol§sle] ABUES AN 4
# & s AU AT L 7



)

3D DY 7142 N85t AZASO| HE 2014 AL A3t 0RAZ Jjst e vimo| mE aw 477

AZAEQ 3D LAY A A5l det /1% AT
olck. uha], 75 o] LA ghe A2 ofehae] 3
W YRS ARISYPIEOR ZHste] 3D LY 7]
28 82 AZAES AR 49 3D ARG A
Hg, iRt DEL] A 71 & gtk ol
S AmOIA M FAT ahE A B YA
UX] Amolch. BloF A EAY} $S HAYR
Hol7} 587153 Solebd oleidt 29| B 7}
542 Wl Ak & Zolek 29 4H9 2 o]
So ot @70l ulsh 29 olefme] £l
of thet A7 ARlE e 4 ek ebd

4

Mo
2 o

Ol

[e]

oM e ofiEe #H JEE A4 &
wate] s 2do] B AHHo| it 2folE st
A gtk o] B3 5 ofiEe] B HEE
EUE AFoA 3D =Y 71& =99 I
SPgStal Wolrp ] o] TAlo] 7]ofstalz}

oo ot
[>
ofo

EU)

2. GAHHY

2.1 OffE 2y

211 ST AR

E AT ik Afgk F91 g4 108 ez 2
Pt AT hIRF ALY ol ZTZAAHSH
Hgo] glom W A 22.649] GAlolth A o
A9 A AlFe] Bt 24z 174.6cm(SD 4.9)
9} 81.5kg(SD 16.6)°0]t}. o]& F 2E2&5o]9} &
Zrol9] H[ g2 4:10|t},

Ol

212 e

ofgfi&e] 32+ M} HdZ Ast] flste] 3&}
A zdg AZEoj(Photomodeler Scanner, EOS
Systems Inc.)E ARSI S AZEol= i)
Aol Hgt PAL ARICZHE gAYl 334 HE
£ g5ote ARISH7IEE LET ARESOlR 4
Aoz AHet HlgoE HUL w2 33 M &
9] /o] golsith= AE 7ML Qi (6, 7.

AT A 29-Z ol nAE FRR6lL &
A& ARkst7] flste] Hi AR AX|tho] Z|X|gt

olfEe FAHOE stof Aot Al EYFS
o (3" 1. 2249 AR oF 3059 M-S T
Z9g=9lon fxg SIR 7kt B2 RS AR
st ARIY] A= gHE 98] F/162& 27
ARkl ARIolA 240 EERe WASIGL
1/100%9] Hlw# =71 AE Antg EHgsto] 24
Yo QI BefgS AEStLA siolc A 92
2 QIR BEI FFe HEIP] Hsto] Exe] AE
2RE JAeigltt. AEF ARE IS 0] 835}o]
HJE AIERTE wA 339 93] EE F3
stolom o5 7|uto® 295 ofeffde] 33k 7MY
Hdlo] A=k

50 o
-

S
mn oo

JF 1. ORfE 2E KA et Ol0fK| M=
Fig. 1. Samples of image for creating 3-D lower arm models
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Table 1. Difference of circumference between the dominant
and non—dominant side of lower arm
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Table 2. Difference of cross—sectional area between the
dominant and non—dominant side of lower arm

Sub % against % against
Avg. SD dominant non-domina
No. ) .
side nt side
SO1 | 4319 | 1452 12.2 13.2
S02 | 2033 | 1239 4.1 4.2
S03 | 2429 | 1394 5.6 6.0
S04 | 727 65.2 1.7 1.8
S05 | 246.0 | 197.7 8.2 8.7
S06 | 2755 | 1383 6.8 75
S07 | 2019 | 166.5 5.7 5.8
S08 | 164.3 | 107.7 5.1 54
S09 | 217.7 | 190.0 6.4 7.3
S10 | 1909 | 1266 7.3 8.5

Sub % against | % against H 3. 0T QMED} HIQMEZIO| Ak
No. Avg. SD dommant nonqumma Table 3. Correlation between dominant and non-dominant
side nt side sides of lower arm
SOt 147 6.2 6.7 70 Sub ) Corss—sectional
S02 55 30 29 213 No. Circumference Area
S03| 68 | 36 29 3.0 S01 0925 0.954
S04 13 | 11 05 05 S02 0992 0.996
S05| 83 | 81 4.2 4.3 S03 099 0.996
S06 | 8.1 48 35 3.7 S04 0999 0.999
S07 | 7.1 52 33 33 S05 0963 0974
S08 55 4.3 2.7 2.8 306 0.988 0.992
S09 6.2 7.3 3.0 3.2 307 0977 0.986
S0l 66 | 59 36 39 S08 0988 0.995
S09 0.979 0.983
S10 0.985 0.988
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Fig. 2. Comparison of lower arm circumference between dominant (blue dots) side and non-dominant (orange
triangles) side (x axis: measurement position in mm, y axis: circumference in mm)
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Fig. 3. Comparison of lower arm cross—sectional area between dominant (blue dots) side and non-dominant (orange
triangles) side (x axis: measurement position in mm, y axis: circumference in mmz2)
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