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Abstract

This prospective pilot clinical trial mainly focuses on developing dual chamber-based assistive cups which are suitable for
stroke patients who have struggled with using there affected arms. It is unable to provide motor and sensory enhancement
during drinking activities and to examine the feasibility of the devices for acute phase, even for chronic stroke survivors. The
stroke patients(n=16; male=8, female=8), in this trial, were provided informed consent to the investigation. All the individuals
participated in 1 weeks of training for using cups, randomized over dedicated dual chamber based assistive cups(DC) or
placebo—cups(PC) training. All the participants were assessed within 1 week before and after the intervention period.
3-dimensional motion analysis, sSEMG(surface electromyography) and 3-dimensional trunk movement were assessed. The result
presents DC data group compared with PC showed, they needed lesser ROM(range of motion) at the phase of drinking in
shoulder movements and lesser muscle activities on upper trapezius, deltoid middle fiber and triceps brachii muscles, lesser tilting
movement on front and back side in drinking phase, the differences were statistically significant(p<.05). Dual chamber-based
assistive cup could be one of efficient way to complete ADLs(activities of daily living), especially drinking tasks, and these
evidence data may contribute to determine certain rehabhilitation policies related to assistive devise usage.
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Fig. 1. Entire study procedure.
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a2 T ok Fdo AAA AF A AEE S
8 AJAE2 PLA(Poly Lactic Acid)E A3 AF&-3F9 1L,
%22 StratasysAte] Stratasys Objet Connex350% 3D
g o 350 x 350 x 200mm (138 x 13.8 x 7.9 inch)
W= Ego](Build Tray), 0.254mm ©]W2] gk 7|9
uhabof A wE ] 16p Hlolol® A5 2] sHth

2. @3 dgeH EIt

7h AT i

(1) A7 CHAXE

U A, &ah Fak e AAle et 2 oA
guidel Y Ee gy AsE v Qe HEST T 22 9 3D el ofo|x|
W S 671€o] Akar 304 o]/ 654 mEkel 21wk Fig. 2. 3D modeling images for internal constitution of
] Brunnstrom Stage 23} 0] 7}z} 497 o] Afo]H the dual chamber—-based drinking aid.

Components Functions
Double Chamber prevent water sleps back and forth or "-,

Lead Gutter

[ Ventilating Holes
(inverted triangle shape with 6 holes) between each of chambers

Inclined Inner Cup

Semi-Divided Outer Cup

turbulence in the cup during transporting

inducing less efforts and rang of motion(ROM)

increasing inner cup capacity

rolling down the water or puree residues

helping to exchange the air

a7 3 el METzet Jls 22X

Fig. 3. Detailed parts description and its images.
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3.0.10(Franz Faul, Kiel University, Germany) & H¢l1s| o] Zo]oE AA7l AFE gcs dx3t &%
B A HAT R0 AF 2083 HEF vt 5 9ol SR olA AlFfste] Al EtElE At
32t 26 sample sizeE AFstE 9ol (a-error= o] AAd &S vlAlaL T £S5 Y YA EEE
0.05, B=0.05(power=95%), effect size=1.08, drop—out gk ZF Hell= 300mle] ATE A1 33(3)F 152
rate=10%) ©ES gfste] # ATE 919 sample w) AAIRE REREke] mIARE gl 3h FAATRS
sizeE 206Wo® At Ao AR, WAl 4, S8l Al ARbe este] 1025 Fodth =5
QQiA FEs AMTE 989 gty BAE ] Wi EAY HE HojzEgls Bee oAl AAlstE 39 o
o 165 o= 2t o] Aol RhRE g AYdES TUstEE k. o
H A S8 A = AAE wpAlaL AA
(3) thadAt o 3 A 71F B AYE o] al AAF F 24 o] AdS
A A4 7 2 ojATIES F 29 2 Aegst, A7 1A A B AHE Addh A4S
- 16%s e Alwets, 3 2 HS #Hrlssid
Lb, A7 AA
2 AE ] HEF SAE Y oR s g Lt 23 8o 548 4 8ot =7
A+ A Al(cross—sectional design)& EUZ stal 9lo (1) X1 SEEAT|
o, o7|# AEgH QA AE A (multi-center clinical (3—dimensional motion analysis)
triahelth 7iEE HDOO)FH Hoze Aols Hds & AgAEel 2w, 420 Z2F Fd3 AAEA Y
T e FHAE HEPO)S ARt 1A o2 A A FEEAE 9Jete], 58] A BAAEES
b AR OX RIEE 27k A AR AT ksl g% wHew A% 54 FuE o §¥eAy
A7F EAYT A HA w7 FERE - UE e 329 A 2AUE o] gdle] ZAsle AP sm
Asste] s 222 Al Tt o] 5 zhzbe] 3ol of thd et 2 ATl 33k 5% A7 E
gk dlofE] ol A el &5 FAets wste] A ot Ed ¥R Zebris Medical GmbHAR]
o|& YolH ot} Winarm< A&l Winarme 33 23} £9] 229

FAR 49 gdow, ARS wEdl AF $49 2 399 AuelA Yaks 494 Aug A5l
4 AAQ0 sesamove NMCE At $habe] fiE] AT e 71539 Aot Eele 2AYS
oo FAFANA A2 FwATE 04 =E Fd5) 7158 4 e 54 Al&"l Compact Measuring
= A =o] 2™o] 7153 60cmx60cm A7]9] A Systeml10(CMS10), CMS A A tl(holding device), ¥ =
AE AA P = Aol 339 FAEA 7178, A w7 (body surface markers), @2 3] =(pads), Hl°]E
ot AAee 2HE d=E BT 74 @z & Aol E(cables), #3E&(objects), L&]aL AFH7F X7
S 7lsdem WS e YA HE w2 A = Hrt ol Sl WHEA 22 (repetitive movement),
oo = AFele HE hds] Agsh S W FE Hd7bEH 9l (range  of motion), HuEE Y
B2 X MF J[ED HiH T|E
Table 2. Inclusion criteria and exclusion criteria.

Inclusion criteria Exclusion criteria
- inability to give informed consent
- informed consent - dysphagia with impaired oral or pharyngeal function
- alert and sufficient cognitive status for the instructions - liquid aspiration without dysphagia
- < 6months and > 24 months after onset of stroke - dermatological disease on periphery of lips

- more than stage 4 of Brunnstrom Stages of Stroke Recovery - abnormal reflex in oral period
in arm and hand - cervical herniated nucleus or spinal disease

- no teeth, denture or dental prosthetics

(1947)
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(maximum speed movement), ¥+ =
movement)®] 47}4] 49S TFHOoE FAT F 9l
o B AoA e A 24 gA9 BUHE flEiA
Z% %A (aiming movement) =4 &
o} #AAH|(trajectory ratio)E T-sba, WE7}
(range of motion) A& &3 4A 21U &5 3
A AsE Tk oW 7 AR AdE mHA
(triple marker)S F&3st=d, A WA A A= A
2ol F7HAH SZ(doral of index finger proximal
ol F-2Fstar, = WA vpAE A &
5lg] 71t 34 (metacarpophalangeal joint)ol] &
ot Al WA A v ES(wrist)o]l F-2Sloh
ROM<= ZA438t7] fl8liA th2 Wo= 3709 A= vt
A(triple marker)& F&dch 3 WA= EE(wrist
dorsal in the middle), + ¥A= &2 (elbow lateral
epicondyle)oll F-Zalw 1Elm A WHA wlFE o7
(insertion of deltoid muscle)ell -2t vlrl= &2t
ZA5 A% 79 Aot A W Ve APgd
SEA

interphalangeal)

=
TES Faw B Ao 4 9 A sl
I _ﬂ} 7ELE]'[32].

(2) #H ™ ZA
(surface electromyography; sEMG)
02 uiAlE B AR 9 2EAE HEE S35

e}

OjAIY| SAte| 1E o &F 7|zl Hel

= 3

Table 3. Phase definitions for drinking task.

XEAS S5 25 NS 924 25 HEN oHlT  HME 9

$38) v=2] Trigno wireless EMG (Delsys, Boston,
MA, USA), bipolar electrodes (Ag/AgClE AH&-3th
<A % 7] (electromyography) 2t A E°] 1lcm, A7
Z¥Z o] 2cmel o= %M H=(bipolar surface electrode)
= AHEAH FE ?F%E* 1200Hzo| ™, 355 A7 st
¥ (band stop filter) = #-§-3)

| 2ol A AHREE 259 2% 3 914

A %5 (upper trapezius muscle), 2H2bt 59

(g~
o

=

>,

N

f(middle fiber of deltoid muscle), ©]F<(biceps

brachii muscle), A++(tricepsbrachii muscle), 2=

45441 (extensor carpi radialis longus muscle)™' & &

AT AT 72 oA B RA TGS A
7] S8 ARE P, AR dad As Exsto]
A5k 5 9 5-HE HolZw ug AT 25700
A EE ¥ wst7] 95ke] Daniels and Worthigham's 9]
Muscle testingoﬂfﬂ AA B 7|HS 7]Fo 7 7} oy

HJQ

(

ﬁ

(

gt 4o

AAke] 58 MVC(maximum voluntary contraction)
B2 24 9w, 2 59 e 33 WY Sgald Bug
< ol gg

(3) &t A7t ALY &AM
(3—dimensional trunk movement analysis)
A A e E W] S e

Start Detected by

End Detected by

Reaching .
(includ ing) Hand movement begins
includes grasping velocity

Hand marker velocity
surpassed 2% of the peak

Hand begins to move o .
. Elbow angle is in maximal
towards the mouth with )
extension
the glass

Hand begins to move
Forward transport € .
towards the mouth with

(glass to mouth) the glass

Hand marker velocity
returned to (5 %) of the
peak velocity

Elbow angle is in maximal
extension/ LFSR turn off

Drinking begins

Hand marker velocity
returned to (5 %) of the
peak velocity/ lips contact

Drinking Drinking begins

the cup

Hand marker velocity
surpassed 5% of the peak

Drinking ends b ° be
velocity

/take lips off from the cup

Back transport

(glass to table,
the glass back to table

includes release of /take lips off from the cup  velocity

grasp)

Hand releases the glass

Hand begins to move to put Hand marker velocity
surpassed 5% of the peak

and begins to move Elbow angle is in maximal
back to initial position/  extension

LFSR turn on

Returning
(hand back to

initial position)

to initial position extension

Hand marker velocity
returned to 2% of the peak

velocity

Hand begins to move back Elbow angle is in maximal Hand is back resting in

initial position

Abbreviations: LFSR=luminous force sensing resistor
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J% 5 3%t & 24 AA| 3HH
Fig. 5. Execution screen of 3D motion analysis.
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HFEAA = fre
AT 2 23 ¥ A2 oj7¢] ROM

7 veow #A2
sl =

% 71%«1 A
A3t s ek Zw el ROM Wste] 2ol 7k glol e

o] wpA7]e] B4 A BAA FAdo] oS3
A7t (scapular) @] 2o AujE w= dgPls gy
3 2o o] Fx7F A9l ROMO vx|= J8

& AS Ao F2 T 5 9

T AT Z2HA AR SR A F9d A
f, AT 9 Ao 28RS HYoH o= B
AROZ Fol8t FFo) A AJol2 B} o] Fy) &
QESFIANTZOA DC AFRE A & ¢ 2 & 45}
Uelgou EAdoz §9o5x L o] uAgAa
Al & 71w sido] AN SR, A, A

E 4. UAXIe| o5ty BN
Table 4. General characteristics of the participants (1=16).

Categories (Mean i\éell)lufrs% or N)

Sex Male 50.0% (n = 8)

Female 50.0% (n = 8)

Age(year) 55.06 £ 13.98
Vascular ACA 2 (12.5%)
Territory MCA 8 (50.0%)
PCA 2 (12.5%)
BA 4 (25.0%)

MMSE-K 27.44+1.71 (0%)
Paretic Right 8 (50.0%)
Side Left 8 (50.0%)

Abbreviations: SD=Standard Deviation; ACA=Anterior Cerebral
Artery; MCA=Middle Cerebral Artery; PCA=Posterior Cerebral
Artery; BA=Basilar Artery; MMSE-K=Mini Mental State Examination-Korean
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Table 5. Comparison between two types of drinking aid.

Placebo-Cup

Dual-Chamber Cup

(PC)
113.10 + 42.03

140.17 + 23.02

(DC)
99.80 + 45.82

139.02 + 34.55

018

-1.45
-.629
-1.230
-.101
-2.031
-.402
-2.339

Drinking Phase-Shoulder (°)

175
.029%

Drinking Phase-Elbow (°)

3D Motion Analysis

14.33 + 597

11.01 + 3.87
7.81 £ 0.13
4.06 £ 1.45

Upper Trapezius
Deltoid Middle Fiber

037+

9.12 + 1.28

3.99

sEMG(%MVIC)

o172
022

0.66

+

Biceps Brachii

2.00 = 0.11

4.

1.19 + 0.33
549 = 0.97

Triceps Brachii

.069

87 = 0.55

Extensor Carpi Radialis

Longus

031

-.219.
-2.125
-.432.
-.985.

11.01 + 9.15
11.05 + 4.66
2217 £ 764

20. 09 = 11.19

8.07 £ 12.13

Front
Back

014

9.12 £ 5.23
21.82 = 8.05

3D Trunk
Movement Analysis

698
143

Left
Right

Electromyography; MVIC

19.02 + 15.44

#p< .05

Maximum Voluntary Isometric Contraction

surface

Abbreviations: SEMG

(1950)
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