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Table on force plates

Starting position

Open access

Sitting position

Fig.1 Table on force plates and start position/sitting position

A:Upper limb table B : Head/trunk table C : Pelvis/lower table
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BREZEAT, ERODMA LTS Z E &AL, Sl
HYA01% one way ANOVA, ZE558 L TV WAL,
Welch O—JtlliE s #T, ZEHEICIE Tukey-Kramer
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JE BEEN & I REEI ORI TR B MiE 30°0T, 60°(i7,
90° AL DB, A JE Bl 27.645.8°, 46.8+7.2°,
67.7:17.8° CETUITABEENRH-T- (P<0.01). FERHEIS+
HR21T 37.246.5°, 56.6°+4.7°, 77.1+2.6° CETICHEAEN D
o7 (P<0.01). AHJ/EBEHINEIX 3.242.5°, 10.0+4.3°,
23.5+9.9° CETITHEAENH -T2 (P<0.01). A7/ EaHEHh
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1 Top of the head

2 Forehead

3 External occipital protuberance

4 Upper sternum

5 Xiphoid process of the sternum

6 Spinous process of C7

7 Spinous process of Th10

8 Right acromion

9 Center of right clavicle
10 Lateral epicondyle of right humerus
11 Medial epicondyle of right humerus
12 Styloid process of right radius
13 Styloid process of right ulna
14 Right second metacarpal head
15 Left acromion
16 Center of left clavicle
17 Lateral epicondyle of left humerus
18 Medial epicondyle of left humerus
19 Left radial styloid process
20 Left ulnar styloid process
21 Left second metacarpal head
22 Lower right rib
23 Lower left rib
24 Right anterior superior iliac spine
25 Left anterior superior iliac spine
26 On the sacrum
27 Right iliac crest aprex

28 Left iliac crest aprex

29 Right greater trochanter

30 Outside right thigh

31 Lateral epicondyle of right femur
32 Medial epicondyle of right femur
33 Outside right lower leg

34 Lateral malleolus of right fibula
35 Medial malleolus of right tibia

36 First metatarsal head of right foot
37 Fifth metatarsal head of right foot
38 Second distal phalanx of right foot
39 Right calcaneal tuberosity

40 Second metatarsal head of right foot
41 Left greater trochanter

42 Outside right thigh

43 Lateral epicondyle of the left femur
44 Medial epicondyle of the left femur
45 Outside left lower leg

46 Lateral malleolus of left fibula

47 Medial malleolus of left tibia

48 First metatarsal head of left foot
49 Fifth metatarsal head of left foot
50 Second distal phalanx of left foot
51 Left calcaneal tuberosity

52 Second metatarsal head of left foot
53 Right interior angle

Fig.2 Infra-red reflective marker pasting position.
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Table 1 Maximum angle of each joint and time to reach the maximum angle

Open access

Trunk flexion Trunk right lateral bend Trunk right rotation Trunk left rotation
Shoulder abduction  Angle(®)  Timing (%)  Angle(®) Timing (%) Angle(®) Timing (%) Angle(®) Timing (%)
30° 17.3+6.5 52.6+12.5 8.4+3.9 43.5+9.0 22.4+14.3 31.3+9.7 17.2+7.1 52.6+12.5
60° 16.0+6.1 55.5+12.9 6.8+3.8 45.3+12.8 26.9+14.0 31.4+5.2 17.9+8.6 55.5+12.9
90° 15.5+6.1 61.5+18.6 7.6+4.4 48.5+12.0 32.1+12.5 31.3+5.6 14.8+5.1 61.5+18.6
Neck flexion Neck left lateral bend Neck right rotation
Shoulder abduction  Angle(®)  Timing (%)  Angle(®) Timing (%) Angle(®) Timing (%)
30° 47.0£12.0 36.4+6.9 15.2+9.7 48.8+4.1 21.7+10.3 48.5+20.6
60° 45.1+11.2 36.5+5.0 15.0£10.3 51.3+7.7 20.1+11.0 54.4+21.5
90° 44.2+12.2 36.7+4.6 16.6+11.0 52.9+6.0 19.3+9.8 41.7+15.7
Right shoulder flexion Right shou]dcr abduction Right shoulder int.rot. Right elbow flexion Right elbow extension
Shoulder abduction  Angle(®)  Timing (%)  Angle(® Timing (%)  Angle(®) Timing (%) Angle(®) Timing (%) Angle(®*) Timing (%)
30° 27.6+5.8 62.3+10.9 37.246.5 4/ 814 6 3.242. 53] 43.3+14.6 70.1£9.0 45.5%4.1 -29.4+11.2, 63.946.
60° 46.8+7.2 ]1‘] 56.1+11. :}*] 56.6+4. 1]*]' 36.5+16. 8]7] 10.0+4. i| 42.8+12.3 65.2+11.4- |t 45.544.1 —22.8+7.7 |x 60.7+3.4|+
90° 67.7+17 t 42.0+14. 77.1+2. G]T 17.8+15.5 23.5+9. 9]* 46.9+11.1 54.0+11.8 41.7+4.9 —20.846.1 56.8+6.0
Left shoulder flexion Left shoulder int.rot. Left shoulder adduction Left elbow flexion
Shoulder abduction  Angle(®)  Timing (% Angle(®)  Timing (% Angle(®) Timing (%) Angle(®) Timing (%)
30° 43.4+11.8 38.5+8.1 8.2+3.3 31.9+3.5 18.7+5.1 32.3+5.5 66.5+20.5 63.3£9.4
60° 44.3+13.5 38.8+8.6 9.7+3.0 34.3+3.9 17.56+7.2 33.46.5 69.7+18.3 63.3+8.0
90° 43.3+12.6 35.6+8.2 9.5+3.0 35.746.1 15.247.8 32.448.2 74.1£21.5 61.8+8.1
mean+SD, *:p<0.05 Tp<0.01
“) Trunk flexion ) Trunk lateral bend ) Trunk rotation
20 6 Left Left
.= flaion bend rotation
10 / \ : o
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20 =4 extension 4 vy o
-6
-30 -8 -40
) Neck flexion ) Neck lateral bend C) Neck rotation Left
50 20 rotation
40 , Flexion s Lot (%)
30 ' 10 N —
20 ’ \ 5
10 \
o \\ R/ i —
= r A Ph T eo e (% il
B O\ mEEEREs Y on
. -10 Right
20 Extension bead
-15
¢ ) Right shoulder flexion ¢ ) Right shoulder abduction (°_) Right shoulder
60 80 5 external rotation  Fxternal
Abduction 0 =
Flosion ) k= € % 5%
2
- - - \“ =
20 \\\ 15 Internal
rotation
\ -20
B 3(%) 0 e
20 Extension ToAmSboEo & (%) 25
C) Left shoulder
() Left shoulder flexion € ) Left shoulder abduction 2 external rotation External
50 5 rotation
’ 1 Abduction o
Floion 10 % 5 (%)
5 Z
0
-10 Internal
rotation
Extensior 15 < Adduction
20
) Left elbow flexion
80
60 Flexion 70 Flexion
50 60 ~
10 50 N
30 40
20 30
10 0/
0 10 -/
TENRSTRORE D&% 0
TERRIRBE o &%

1 30°

1 60°
Fig.3 Change over time of neck, trunk, and upper extremity.
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1% 70.149.0°, 65.2+11.4°, 54.0+11.8°T 30°)i7.& 90° 3 &

N60°N7 & 90°) 7 CHEZENH-7- (P<0.01, P<0.05). %
NS OBEERZIY, AT,
2. B A B lET SR (Table 1/Fig.3)

BRA LI RIRET 2 RERIIB BIfiSME 30°h7, 60°f7, 90°
NMONEZ, AR 62.3410.9%, 56.1+11.9%,
42.0£14.9% T 30°h7 & 90°N7 (P<0.01), 60°fiz& 90°hr

(P<0.05) THEEND - 7-. ABEEINELIL, 47.8+4.6%,
36.5+16.8%, 17.8+155% CRTICHEZEZD H » -

(P<0.01). F7=ftEAEIHERIL, 63.9+6.0%, 60.7+3.4%,
56.8+6.0% T 30°(iz. & 90 CHEZENH-71- (P<0.01).
FTNLIAOBENCIE, AEETR) T
3. AR BAREAOE & _EA Y EEORHE (Fig.4)

Fig.4 [3/EBIEIME 60°0 % BRAAIENL & L 7=RED A7 B

Jet il & A - BRSNS ih, R, [RTRED S-SRI B D
BaERL TS, & B30 EWEORHSE L 0 BHREZHE 2
BHI2DIZ, 4 AT 5. 55 1 ARIZEERLE) & (R
DOABIFENEKNIC /2 DS ETT, AR Z s L

G ~HIREOBET 2 X TH 5. Kkt 1~31.4% T,

AR 21,3 L 7-LiE ) & Jith « 4RI « A TEIRE ST Tl ~,
SREREN T - AEIESTTa S, DI 10%A0% X K& <@

Phase 1 Phase 2

60

10

e Trunk flexion (+) + e\tPnnon( )

----- Trunk left rotation (+) - right rotation (-)
— —~Neck left lateral bend (+) - right lateral bend (—)
—--—Right elbow flextion (+) - extension (—)

-40

Phase 3

PRI R IR e AT
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Ehh, 31.4% CHEBOLETEAEN R E 705, 5 2
&, FISEBAL5ERT 2 (B BREI S e K B, 27~ L7)
i & CC, AIBIE Z Blfsih L U CHRELOBEIT S
XETH 5. KL 31.5~455% T, Aepidimh « AT
ARl e G, FERIES MA~EE b, [XIR 45.3% TA1I
R & 72 %, BRSNS, 5 S e il - AlEIE L7ed
FEAE ST~ X 4D, XEk 36.5% CIRHiHE K & 720, %
DM M~EI X 4aH 5. 5 3 ML, A oA
AL AR LT E CC, B~ RELOBE L, £ Fi
RIS T T E TOXMTHS. XifT 45.6~60.7% T,
I3 Ehe & il - 228 - ZZBES B &, X
55.5% CiRERE M, ZEENRRKE 720, ZOW% %
V7273 DR RIS ~B) X 4 5. BRSGHIES | X i
fHE « 2R - A TRIBE T Tl ~Bh =, 51.83% CTAAAIEDS, 54.4%
THERENZFNENRKE D, EORBREERT 235
FRE « ERIFE~E XA 5. & 4 FIL, A EBo3En
7o 720, B, RIEICEEREOERE L, SEALONERT D
FTOXMTHD. KIkiL 60.8~100.0% T, FENITIEE
VA - 2R - AEES R ~, BESEE R - A - A2
[EAE T R ~h & SN AR T 5 .

Phase 4

== =Trunk left lateral bend (+) - right lateral bend (-)
Neck flextion (+) + extension (—)
~~~~~~~~~ Neck left rotation (+) * right rotation (—)

Fig.4 Transition of average joint angle at 60° shoulder abduction

Phasel : Left upper limb begins to move(1%) to maximum right rotation of the trunk(31.4%)

Phase2 : End of Phaselto the maximum flexion of the right elbow joint(45.5%)

Phase3 : End of Phase2 to the maxmum extension of the right elbow joint(60.7%)

Phase4 : End of Phase3 to sitting position(100%)

PREEERTFHE O @5 @5, ppXX-XX 20XX 4 6



_ )

PRI S J5%

The Journal of Allied Health Sciences

25 - =+

5 AH G

Open access

Table2 Maximum ground reaction force of the upper limb table and when to time to reach the maximum reaction force

Lateral force

Longitudinal force Vertical force

Shoulder abduction Weight ratio(%) timing(%) Weight ratio(%) timing(%) Weight ratio(%) timing(%)
30° 3.5+1.5 43.3+8.2 2.9+1.5 42.746.1 22.9+8.1 42.045.8
60° 3.7+1.1 48.314.9]* 2.0+0.7 t 43.0£5.8 19.5+6.0 44.9+7.3
90° 3.2+1.1 42.7+7.1 |* 1.5+0.8 42.0+5.8 17.1+4.5 43.0+8.1

mean+SD, *:p<0.05 p<0.01

Table3 Center of mass sift

Shoulder abduction Total (mm) Lateral (mm) Longitudinal (mm} Vertical (mm)
30° 554.4+65.7 284.0+£56.7 336.1£35.5 169.7+12.0
60° 602.0£71.5 ]"' 329.4149.3]1‘ 352.2+40.5 165.0+10.1
90° 648.3+79.8 375.4+66.6 369.8+45.0 162.9+11.0

mean+SD, :p<0.01

JE BASMiE 60°0L D RIS B OHERS &7 L1228, Bt
DENZ LB BEEIORKARE, BT HRER (%) 1L T
1L, A B A RO Ao B CIIA EEN R <, 3007, 90°
AT (DB akii 2 N Byl
4. SR ER ORI ((KELEL) (Table 2)

RSy I ORIAENE, JEBIESMIR 80°067, 60°hz, 90D
JIEIZ 2.9+1.5%, 2.0+0.7%, 1.5+0.8% C 30°\7. Tl 90°)i7. &
B EICRE Dro 7= (P<0.01). 553 /136 L O Sy /)
DIRKREZIE, AREEZA LN ST
5. Ml FR DR i KIEIZEZET DR (%) (Table

2)

553 I RABICBIEES D DI, 30°07 Tl 43.3+8.2%,
60°NL Tl 48.3+4.9%, 90°(LClL 42.7+7.1%C, 60°(LiE
30°NLES LT 90°hL & b~ EICEN o7 (P<0.05). HilfL
53718 L OB SR KB BE T DReRICiE, AEE
I3A B2 T.

6. H{KE.OBENEEREE (Table 3)

B (RE OB ENERE S, B RIEISME 30°0L, 60°0Z, 90°(L
DIEIZ 554.4+65.7 nm, 602.0+71.5 mn, 648.3+79.8 mmT/H
REEAMIE 90°071E 80° & b, HEICED -7z (P<0.01).
X iy (fedJ510) COFRELBENERESE, 284.0+56.7 mm,
329.4+49.3 mm, 375.4+66.6 mnC/8 REEiSMiE 90°h i 30°h7
LI, HEICED - (P<0.01). Yl GEESIM) BX
O Z i (FEESR) COHREOCEERREEHCIE, AEET
PRI,

=K

flx B ENEE, BEATRISEIO T Tl b AR EIE
T, RN BN E D I TIFHET 2EMECTH D, L&
S0 B A AR BLE N ST D Z LI, EhERR
WM TIEDOBZRITBE L, ARRE#RESD Z L1227k
N5, bbIUIEEE P R HE < ®ERT5H PR N7 —
IZBWTC, & B30 \CEEs 2 il - T ELERAE Y E B

HSMEAEEZRE < LTEWEZIT> TS Z &IER L.

FobLE LR PR N2 — TORE 230 #ifE

(B D ARSI A 1S 5 7, BAaEs O 8 BE M
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Fig.5 An example of single elbow support position (30° /60° /90° shoulder abduction)
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Quantitative analysis of transition to sitting position from
supine position with a single elbow support by the difference
in the shoulder abduction angles

Miyuki Harada®", Isao Ojima?, Nobuhiko Iwai?
1 Department of Physical Therapy, Himeji Harvest Medical Welfare College
2 Faculty of General Rehabilitation Faculty of Physical Therapy, Kobe Gakuin University

ABSTRACT

Objective: To clarify the rising motion from supine position to sitting position with a single elbow support using quantitative
analytical methods by the difference of the shoulder abduction angle of 30°, 60°, and 90°.

Methods: A total of 15 healthy adults (average age: 21.6+1.3years, average height: 168.5+3.7cm, average weight: 59.6+5.6kg)
were included in the study. Using a three-dimensional motion analysis system, the following variables were measured during
movement with a starting shoulder abduction angle of 30°, 60°, and 90°: maximum joint angle, time to reach the maximum
joint angle (%), maximum ground reaction force of the supporting upper limb, time to reach the maximum ground reaction
force of the supporting upper limb (%), and shift from the center of mass.

Results: The distance to move the center of mass was greater for the 90° position compared with the 30° position. The
longitudinal force was greater for the 30° position compared with the 90° position. The time for the lateral force to reach its
maximum was greater for the 60° position compared with the 30° and 90° positions. There were no significant differences in
the maximum angle and time to reach the maximum angle (%) other than for the supporting upper limb.

Conclusion: At 30° position, the longitudinal force was greater. At 90° position, the distance to move the center of mass was greater.
At 60° position, the floor reaction force does not increase and the distance to move the center of mass rises while slowly moving the
center of mass to the supporting upper limbs located on the side. The suggested that it was the most efficient starting limb position.
We demonstrated that the movement is performed by adjusting the joint angle of the supporting upper limb to the change in the
base support caused by the difference in the shoulder abduction angles.

Key words: Rising motion, Center of mass, Range of motion
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