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The effect of arm sling during hemiplegic gait

Ilsuk Lee, Hyungmoon Lim', Sanho Choi, Jaegun Oh, Kang-keyng Sung, Sangkwan Lee"

Department of internal medicine and neuroscience, College of Korean medicine, Wonkwang University
'"Department of Psychology, Chonnam National University

M Objectives  The aim of study is to analyze the change of gait pattern by arm sling in a hemiplegic patient.

H Methods We analyzed the change of gait pattern under three conditions using Treadmill Gait analysis
equipment(Zebris Co.L.td FDM-T) First, the patient didn’t have arm sling on her upper limb,
second, the patient have arm sling on her affected upper limb, third, patient have arm sling
on her unaffected upper limb.

H Results In terms of spatiotemporal gait values, swing phase, step time, step length of unaffected
lower limb increased. Furthermore, stride time and stride length also increased when the
patient had arm sling on her unaffected upper limb. In terms of displacement of Center
of pressute(CoP), anterior/postetior position and lateral symmetry of CoP increased.
Furthermore, lateral symmetry of decreased when the patient had arm sling on her affected
upper limb.

M Conclusion Arm sling applied on affected side would be advantage to gait improvement in hemiplegic
patients.

M Keywords  Stroke, Arm sling, Gait analysis, Spatiotemporal parameter
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Z] Z]A]7|(Single support time, %), A|7H4 v|HA
E(Temporal asymmetry, %), "}8]¥ 12| 2] 3t dF
- 710](Step length, cm), 3714 H]t)%E(Spatial
asymmetry, %)°lA 5422l M3kE #Esile
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Ao ZHolg 2Hgsh= Zlo] M A4(Stabil-
ity index)'?, A5 E3E Z]4x(Weight Distribution
index)'”, Berg % ZX(Berg balance scale)'”,
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Gait speed test) oA FAZ ANE Ho 7|%
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2 AFE Yl A8-H B o]= Ultra-Sling(Dr.
Med Co.LtD DR-E008)A|& 0.2 dvbog At
A AQHge) A, Y W AT =8
o2 ALgEKFig. 1).

1Y BAL 9154 Treadmill Gait analysis %]
(Zebirs Co.Ltd FDM-T)E ARSIt} Treadmill
Gait analysis FH|= S sl 59k opefet =
Holl A HeedE S 4 ok HE5 & Hnt
] $217} Treadmill $1o14 2 sle] ajepsd
AL E3)|, 1527+ B34 (Cadence), H YL (Ve-
locity), HaF7] 5] 1Z17](Stance phase)2}

Fig. 1. Ultra-sling(Dr.Med Co.Ltd DR-EQ0S).
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Table 1. Personal and medical information of a subject.

Patient Characteristics

Name

Sex

Age

Impression
Onset

Chief complain

TIXX

F

70

Cerebral-infarction(Rt.Basal Ganglia)
2013 88l 25¢

Lt.side weakness, Lt.facial palsy, Dysarthria

Hypertension +
Diabetes mellitus none
Operation Uterine tumor OP(1993)
Motor grade Upper Extremity Good
Motor grade Lower Extremity Good
Motricity index Shoulder 25
Elbow 25
Pinch Grip 26
Total of Upper extremity 77
Hip 25
Knee 25
Ankle 25
Total of Lower Extremity 76

Table 2. Definitions of Gait Parameters'®.

Temporal Gait Parameters

Cadence(step/min)
Velocity(km/h)
Stance phase(%)
Swing phase(%)

Double support(%)
Step time(sec)

Stride time(sec)

Step frequency
Average gait speed
The phase of a gait cycle in which the foot has contact with the ground

The phase of a gait cycle during which the foot has no contact with the
ground

The phase of contact time of the feet on the ground

Time of within a gait cycle between the heel contact of one side of the
body and the heel contact of the contralateral side

Time span of a stride

Spatial Gait Parameters

Step length(cm)

Stride length(cm)

The distance between the heel contact of one side of the body and the heel
contact of the contralateral side

The distance between two heel contacts on the same side of the body

Center of pressure Intersection

point parameters

Anterior/Posterior Position(mm)

Lateral symmetry(mm)

The shift forwards or backwards of the Center of Pressure Intersection Point
in chronological sequence in the cyclogram display

The left or right shift of the Center of Pressure Intersection Point in chrono-
logical sequence in the cyclogram display
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+2}71(Swing phase), ¥3}A] A|Z|7](Total double
support), &+ 2% Zo|(Step length), 3+ A2 Zo]
(Stride length), 3t & AIZK(Step time), $F A5
AZKStride time), A&FFA WAFH(CoP Intersec-
tion point)2] A5} (Ant./Post. Position), Z}-¢-tf
ZA(Lateral symmetry) 52 =731 tH(Table 2).
3. AEEA

2 AT UEF T wopl Al 2o
A stof 3UES A sl AA
2o\ M= AL ddolE 26k YaL(NO
sling), F51A Z271olA= uie]d Ao ZHol&
2123 © W (Affected side sling), AW 2704
+ HukeE Ao ZEolE 2H-FtH(Unaffected
side sling)(Fig. 2). Z+Z} ZZo||4] Treadmill gait
analysis AH|(Zebris Co.Ltd FDM-T)Z 22}7}
Hfsh= 5ot Haod= S5k &7t 1
25 ¢F Treadmill {JollA E3Pst= ¢ 24 &
Bl 005 TR dlolel YIssisict. 244
9] A7] &= 3R}9] AT 4% (preferred speed)
= siqieh WAl A7 Aol gt vl
Treadmill 9]ollA] 2om A& EE SQl613l o,

=
Treadmill¥} Speedo] F53] 23S 3t & =4S
NEET G
QO Za}

1. B3)9] A|7F& Q] ¥H4=(Temporal gait pa-
rameter)
Z7Zo)o] 2hg ofi gl 2-gHkA o]
oh] 3kRte] Bejo] wjz]= P Elsty] fls)

Day1
Ne sling

Day2
Affected side sling

—_—

Eo B34 (Cadence), R P (Velocity), H
PF7] 2 JZ7)(Stance phase)?}F 3-217|(Swing
phase), %5}x] A]#]7|(Total double support), 3+ F
& A1 7KStep time)d} F A2 A|7K(Stride time) 5
9] H3jo] AI7HA Q] M ST S4x
< ZHolE HIZHEA(NO Sling), vHH]E AFA]of] 2F
S-Al(Affected side sling), B]E}HE]E AFA]of] 2F-8-A]
(Unaffected side sling) & -3} %t}

1) 127t HB3li(Cadence) ¥ HEiEE(Velocity)

(Fig. 3)

1E-7F B 88<=(step/min)-2 NO Sling 61.88£6.19,
Affected side sling 66.03 £7.28, Unaffected side
sling 66.18+11.44%, THO|E 5}A] ¢koFS wf 2
of whelE) A uakeE AR Bl 4
o o) B4} 27890k B4 (km/)E NO
Sling 0.48£0.13, Affected side sling 0.49+0.11,
Unaffected side sling 0.47 +0.13%t}.
2) gZt7|(Stance phase) ¥ §Z7](Swing phase)

(Fig. 4)

uhe|E 3hA] 9] 172+7](%)= NO Sling 74.45+
8.62, Affected side sling 71.93 £6.60, Unaffected
side sling 75.26+8.83%1, H|ulu|E 312 2] ¢
Z¥71(%)= NO Sling 85.63+4.11, Affected side
sling 81.98 £3.95, Unaffected side sling 79.70 +
14.06%c}. opH|E 312 9] §-717](%)+= NO Sling
25.54+8.62, Affected side sling 28.07 £6.60, Un-
affected side sling 27.74+8.83%1!, H|uH]H 3}
A9 F247](%)= NO Sling 14.37+4.11, Affect-
ed side sling 18.01 £3.95, Unaffected side sling
20.29 +14.06 At}

Day3
Unaffected side sling

t t

t

22 (Gait analysis) A|E

Fig. 2. Experimental design.
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Fig. 3. Cadence(left scale) and Velocity(right scale) under three conditions, no arm
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Fig. 4. Stance and swing phase under three conditions, no arm sling, arm sling on affected side and, arm

sling on unaffected side.

3) 23IX| X|X|7|(Total double support)(Fig. 5) 4) 5t 4k A|ZKStep time)
FstA] 2 A 7](%)= NO Sling 60.11+8.73, time)(Fig. 6)

Affected side sling 54.04 £7.06, Unaffected side

sling 54.74+11.05ic}.

Total double support(%:)
I
L]

Fig. 5. Total double support
on unaffected side.

al
=

gt ZZ MZK(Stride

opd|H 3}R| 9] F W A 7H(sec)S NO Sling

1.06+£0.27, Affected side sling 0.97+0.11, Unaf-

MO sling

Affectad side sling  Unaffected side sling

under three conditions, no arm sling, arm sling on affected side and, arm sling
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Ostride

(XN}
|

Time(sec)
_|

O Affected left step
W Unaffected night step 1

N

MO shirg

Affected side sling  Unaffected side sling

Fig. 6. Step and stride time under three conditions, no arm sling, arm sling on affected side and, arm sling on

unaffected side.

fected side sling 0.92+0.13%3L, H]u}v]H 5}2] 2]
3F J2H Al7K(sec)2= NO Sling 0.9+0.07, Affected
side sling 0.87 £0.08, Unaffected side sling 1.08 +
1.25%2H, 3k AL Al7Ksec)=> NO Sling 1.97 +
0.28, Affected side sling 1.84+0.17, Unaffected
side sling 2.01 +1.22%t}.

2. B3)o] F7HA Q1 ¥4=(Spatial Gait pa-
rameter)

Zho|o] g off 9 AgHHAo] HEF F H
npe] $Rxpe] Hao nix|= 3RS 2lstr] sl
Sk 9k Zo|(Step length)e} g 22 Z
length)5-9] KH3jo] F7H4Ql He52 S5

ZAZAL BHO|S HHEANO

A2 o] ZF8-Al(Affected side sling), B]HFH]E AF7]
of] ZH8-A|(Unaffected side sling)2 F-&-3}%tt.
1) st 2= 20|(Step length)

(Stride length)(Fig. 7)

opelE Shx] 9] gk ¥ Zol(cm)+= NO Sling
12.23 +5.45, Affected side sling 9.66+4.32,
Unaffected side sling 8.74+10.15% 1L, H|o}H]|
H 39 oF 9& Zol(cm)+= NO Sling 13.64+
4.62, Affected side sling 14.81+3.35, Unaffected
side sling 16.90+17.08%2.H, gt A3 Z0](Cm)
= NO Sling 25.95+6.23, Affected side sling
24.74£5.00, Unaffected side sling 26.01+16.74
et

g

o
22 20|

50 7 Ostride
10 O Affected left step
B Unaffected rnght step

S 30 -
£
g 20
-

10 A

0

MO sling

Affected side sling  Unaffected side sling

Fig. 7. Step and stride length under three conditions, no arm sling, arm sling on affected side and, arm sling

on unaffected side.
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3. AFA41 9] WxE ¥H4(CoP Intersection
point parameter)

B0\ 2§ o U gl HEF ¥ A
upo] o] Bl vlAt JFL ] S

7% 2) %] (Ant./Post. Position)2} -t A Al (Lateral
symmetry) 52| AaFE4]0] W2 H(CoP Inter-
section point parameter)S SAsIALE SAXZA

& FHo|E H|IZREAI(NO Sling), pH|E 4] 2
S-A(Affected side sling), H|OFH]H AFR]of] Z-8-A]
(Unaffected side sling) % -5} %t}

1) MEQ|X|(Ant./Post. Position) 2 XtCHEIA
(Lateral symmetry)(Fig. 8)
AZ %] (mm)+= NO Sling 131+ 14, Affected
side sling 12314, Unaffected side sling 445+
Qaz, A A (mm)S NO Sling —26+35,
Affected side sling —7+47, Unaffected side sling
—31+145%}

=
& FollAls BEol9 AEo] HET F ]
expe] Haof mjAl= 6;, S ool 7| $Jate] 7}

7 2do|S 2g5hA] Gk u, mhulEl AbKlof 2
Holg 2EYL ), vt AX|o] BolS 2}
B G2 Lhro] ML MBS 235t
ofo] ulutulE AHo] BHo|S HEWE v uju}

H spAe] 72471, wjope|E shA o] 9w AR

OAnt/post position

mm

St A= AZE wlopelE apx)of oF T o, 3 A
= Aolef ¥EA(Variability)o] S7ket Aaks <
k.

B3 HFA(Gait variability) E Y
92K Step) Abo|2] H3Y 2 AE2] M5 (Fluctuation)
A 14—45]‘419) HaY W54 % /<1l Hlal

S HupH] AP AA FUZE YH|(Stride
w1dth)—§— Al Qe HE AlFHA J E"‘%‘ oA 5
7HkeP. o]z uhu)E A w OMEP HlupH|E 8}
Alof A= o] vreh ARk, R =

MW Hohe| g Shx|Hot ¥ é 1 5

F& HOltPY, o]yt K3l HEAlo] =
XPOHE olal Ayl Hdxto] 7] 312!
(Motor disability)& |53k=tl }\]'o T 71

o), Balasubramanian 5272 X 3j

=7 Zo} 7}

H5A
77} wlE% T o) SAjo] maA] Bkt 39
e g 4 glrka wasiglct.

Rarolo] WA A O] AL F7HAFELo] oF

o
RS AP, o) 4A7L FekwA e 2

oA Hl“?‘ﬂ‘l% Ao EAo]

B Lateral symmetry

— T

-160

-120

mm

MO sling

e [1L N

Affected side slmg Unaffected side sling

Fig. 8. Ant./Post. Position(left scale) & lateral symmetry(right scale) of CoP intersection point(mm) under three
conditions, no arm sling, arm sling on affected side and, arm sling on unaffected side.



u.l'7-|0|7|. u.1D|- |

Ixto] 2301l DIx|= B

o BayA] FBE BobHsl urEolrk Abs g,
e} jue|E ALK o] Bo|S 24
1

BloprlE RS F-&o) wup]E skR| ] f47E

AlstaL Y] Ha F7lolle Fod= vIAA
7] gl o2 AlEch

& s b
‘IH x]a}:le_,] ;ﬂ

=2 2
s oox M
12
rE
o g
o,
2
rﬂ
a o>”

210 > o
L
N
>
(o]
2
T —Mi

2o g
ol
o
Y

o
)
¢
fu)
U
N
~N
o
o
ol

2

o 2 o;? rd o mlo

o

(=l
i3
2

L gy
RNy
N T
£ g
3
:rﬂ
i
El&
o 2
Y
ol —
ojN 2
0> S
o

° o o omp

)
off

fr Ho ot |o

fr Rl OHE of Hu o
o o
pach lo
H { N
=t Ho
faz
N
% o
S
g B
off o?‘:
rlE
:

(e}
N
off
3
i)

)

4945 e ol A5t S
et ol E5dl 2 Aol mlukeE A
|5 2H831 AL WA w5 2o] EorAA
o

HeY o] P ifolA AdFie olss
Sl A B Al 59 FAlEfforyE A
7, B ol 4REE g Hept
P, et HEE 5wk Sl s E
Mo Q) AEAel TEg 229]
2. olof| Yavuzer 5'9& A, AJAMH, 49
oA Al A 9 Akle] Hlstol
2% 7 Top] Bl of ol LhehgAu, v
5 7 W) @) o) Aol 2ol 2
WS o) Al SAdo] e 2
BT

2 Ao A = 2hxpe) mpe|E Ao ol & 2t
LS uff A4 WA-(CoP Intersection point)
o] 179314 Bo|E 2814 U3HE: wlol ul3}
o WE7F QUSRI HSAH S A ol

R
s
l;Jl‘ r

=2
ﬂ
i)
(o]

o
o[N
N
>
>4 ;}i

5 Ha:

-

iy -1>’

—{>§
bomkNjirErLﬁ?;&iﬂ

ko

Al oIS e Ao

%715E¥~ EUU =EAE ST

=
(@]
=
o
=
o
oz

o] A% %-3-2(Coordination)o]] thafiA %=
T 2 Ao olef e ARt

ks %ﬂd%ﬁ& A7t F7HH oz AYHh, HEF
Huobd| $x}o] F& 3} Bajol| AFA|7} n)2s o
T BT e B 4 gl Aot Alm T

1. Taub E, Uswatte G, Pidikiti R. Constraint-in-
duced movement therapy: a new family of
techniques with broad application to phys-
ical rehabilitation-a clinical review. Journal
of rehabilitation research and development.
1999;36(3):237-51.

2. Wolf SL, Winstein CJ, Miller JP, Taub E,
Uswatte G, Morris D, et al. Effect of con-
straint-induced movement therapy on upper
extremity function 3 to 9 months after stroke.
JAMA: the journal of the American Medical As-
sociation. 2006;296(17):2095-104.

3. Page SJ, Sisto S, Levine P, McGrath RE. Effi-
cacy of modified constraint-induced movement
therapy in chronic stroke: a single-blinded ran-
domized controlled trial. Archives of physical
medicine and rehabilitation. 2004;85(1):14-8.

4. Kunkel A, Kopp B, Miiller G, Villringer K,
Villringer A, Taub E, et al. Constraint-induced
movement therapy for motor recovery in chron-
ic stroke patients. Archives of physical medicine
and rehabilitation. 1999;80(6):624-8.

5. Miltner WH, Bauder H, Sommer M, Dettmers



HEISESI5IX| A4 15(2013E 128)

10.

11.

12.

13.

14.

15.

C, Taub E. Effects of Constraint-Induced Move-
ment Therapy on Patients With Chronic Motor
Deficits After Stroke A Replication. Stroke.
1999;30(3):586-92.

. Taub E, Uswatte G, King DK, Morris D, Cra-

go JE, Chatterjee A. A placebo-controlled
trial of constraint-induced movement thera-
py for upper extremity after stroke. Stroke.
2006;37(4):1045-9.

. Viana R, Teasell R. Barriers to the Implementa-

tion of Constraint-Induced Movement Therapy
Into Practice. Topics in Stroke Rehabilitation.
2012;19(2):104-14.

L SLT, oldS. Fdol7h HupH|gkrte] Ko

n| x| = oJ gk, tfgtEe] 2| 75}3] A, 2006.

L HH, HE. Bolr} ] el R}

WY &eof vx|= &t 2011.

Kohen-Raz R, Kohen-Raz A, Erel J, Davidson
B. Postural control in pilots and candidates for
flight training. Aviation, space, and environmen-
tal medicine. 1994.

Berg K, Wood-Dauphinee S, Williams J. The
Balance Scale: reliability assessment with elder-
ly residents and patients with an acute stroke.
Scandinavian journal of rehabilitation medicine.
1995;27(1):27-36.

Shumway-Cook A, Anson D, Haller S. Postural
sway biofeedback: its effect on reestablishing
stance stability in hemiplegic patients. Ar-
chives of physical medicine and rehabilitation.
1988;69(6):395-400.

Bohannon RW. Recovery and correlates of
trunk muscle strength after stroke. International
journal of rehabilitation research Internationale
Zeitschrift fur Rehabilitationsforschung Revue
internationale de recherches de readaptation.
1995 06/;18(2):162-7.

Yavuzer G, Ergin S. Effect of an arm sling on
gait pattern in patients with hemiplegia. Ar-
chives of physical medicine and rehabilitation.
2002;83(7):960-3.

Faghri PD, Rodgers MM, Glaser RM, Bors JG,
Ho C, Akuthota P. The effects of functional
electrical stimulation on shoulder subluxation,
arm function recovery, and shoulder pain in

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

hemiplegic stroke patients. Archives of physical
medicine and rehabilitation. 1994;75(1):73-9.
ol sl e, A, ot o]
7} sAnt] ghARe) ZIARA] ol A= g3
thgtAEefete] ). 2004.

Chantraine A, Baribeault A, Uebelhart D,
Gremion G. Shoulder pain and dysfunction
in hemiplegia: effects of functional electrical
stimulation. Archives of physical medicine and
rehabilitation. 1999;80(3):328-31.

Zebris. Zebris FDM 1.0 Software user manual.
2012.

Gabell A, Nayak U. The effect of age on
variability in gait. Journal of Gerontology.
1984;39(6):662-6.

Balasubramanian CK, Neptune RR, Kautz SA.
Variability in spatiotemporal step characteris-
tics and its relationship to walking performance
post-stroke. Gait & posture. 2009;29(3):408-14.
Hausdorff JM, Rios DA, Edelberg HK. Gait
variability and fall risk in community-living
older adults: a 1-year prospective study. Ar-
chives of physical medicine and rehabilitation.
2001;82(8):1050-6.

Brach JS, Studenski S, Perera S, VanSwearin-
gen JM, Newman AB. Stance time and step
width variability have unique contributing
impairments in older persons. Gait & posture.
2008;27(3):431-9.

Wolfson L, Whipple R, Amerman P, Tobin JN.
Gait assessment in the elderly: a gait abnormali-
ty rating scale and its relation to falls. Journal of
Gerontology. 1990;45(1):M12-M9.

Hogue RE. Upper-extremity muscular activity at
different cadences and inclines during normal
gait. Physical therapy. 1969 09/;49(9):963-72.
Murray MP, Sepic SB, Barnard EJ. Patterns of
sagittal rotation of the upper limbs in walking.
Phys Ther. 1967 04/01;47(4):272-84. eng.
Ohsato Y. Relationships between trunk rota-
tion and arm swing in human walking. Nihon
Seikeigeka Gakkai zasshi. 1993;67(5):440.
Marks R. The effect of restricting arm swing
during normal locomotion. Biomedical sciences
instrumentation. 1997;33:209.



zrzio|7} mop| Eixtel 23tol oxi= 23t JEER

28. Ustinova KI, Goussev VM, Balasubramaniam R,
Leven M. Disruption of coordination between
arm, trunk, and center of pressure displacement
in patients with hemiparesis. MOTOR CON-
TROL-CHAMPAIGN-. 2004;8(2):139-59.

29. Tyson SF. Trunk kinematics in hemiplegic gait
and the effect of walking aids. Clinical rehabili-
tation. 1999;13(4):295-300.

30. Iida H, Yamamuro T. Kinetic analysis of the
center of gravity of the human body in normal
and pathological gaits. Journal of biomechanics.
1987;20(10):987-95.

31. Perry J, Burnfield JM. Gait analysis: normal and
pathological function: Slack; 1993.

32. J.M. Adams JP. Gait analysis: clinical applica-
tion. Baltimore: Williams & Wilkins; 1994.





