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| Abstract |

PURPOSE: This study was conducted to determine the
effects of whole-body tilt exercise with visual feedback on
trunk control, strength, and balance in patients with acute
stroke.

METHODS: The study included 18 patients with acute
stroke who were randomly allocated to a Whole Body Tilt
Exercise Group (WBTEG, N=9) and a General Trunk
Exercise Group (GTEG, N=9). The WBTEG conducted
whole-body tilt exercises with visual feedback, and the GTEG
performed general trunk exercises. Both groups performed
the exercises five times a week for 4 weeks. Outcomes were

assessed using the trunk impairment scale (TIS), the trunk
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flexor and extensor strength test, the static balance test, and
the Brunel Balance Assessment.

RESULTS: After 4 weeks of intervention, both groups
showed significantly improved TIS scores, muscle strength,
and balance components (p<.05 in both groups). However,
the improvement in TIS, muscle strength, and static balance
inthe WBTEG was significantly better than that in the GTEG
(p<.05).

CONCLUSION: Although both groups in this study
showed post-intervention improvement, patients from the
WBTEG who received visual feedback demonstrated more
improvement. These findings indicate that whole-body tilt
exercise with visual feedback may be effective at improving
trunk control, trunk muscle strength, and balance in patients
with acute stroke. Further studies are needed to gain a better
understanding of the effectiveness of whole-body tilt exercise

in patients with acute stroke.
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Table 1. General Characteristics of Subjects

Pre-treatment

Characteristics " 5 Xz (p)
WBTE" group (n=9) GTE” group (n=9)
Gender (male/female) 6/3 4/5 1.14 (29)
Affected side (left/right) 5/4 5/4 29 (.59)
Onset duration (day) 18.71+1.59° 17.86+1.54 -.19 (.85)
Age (year) 61.33+4.89 64.22+5.67 -1.19 (.23)
Body weight (kg) 65.11£7.40 64.33+4.69 -.08 (.93)
MMSE-K (score) 25.86+1.87 25.71+.85 -1.43 (.19)

*Whole Body Tilt Exercise, bGeneral"l"runkExercise, “Mean+Standard Deviation, *P<.05.

Table 2. Change in Pre-post Trunk Impairment Scale

TIS" (score) WBTE" group (n=9) GTE’® group (n=9) z p
Pre 11.66+1.32° 11.00+2.00 -.59 .55
Post 18.77+1.78 14.66+1.73 -3.16 .00*

Change 7.11£2.08 3.66+1.50 =291 .00*
z 2271 -2.68
p .00* .00*

“Trunk Impairment Scale, bWholeBodyTiltExercise, ‘General TrunkExercise, “Mean+Standard Deviation, *P<.05

GESHE A A4 29 H7) gl 7ol 12 I, ezat
< Y55h= H2 2717} ket o]t Tyson and
DeSouza, 2004). 1, ALCHAIRO] UHEE EN
A e & 18R AR 91, tit 99
5. 2 ojgltt. A Holl T 1+ Urkd 542 {3t 2po]
B Lo A 4=E AFEE SPSS ver. 190 ZE 1 7} 91 tHp>.05)(Table 1).
& o]gato] HAEkgIT AT RS dubA”l
E4E 71 ol gsto] Hatyh EHAE ALt 2. 5 2 B F Mt 2H 59 & Hlw
ST, FAA AL Yo WEHEE ¥ I £HHE HAl 7187] &5 ollAde S & o3 SHE
+ W | EY(Mann-Whitney) U 4745 o]-83t3Act + B om(p<05), Yuha A7t L5 oA E T &
w7F HlE 9feiA W $1E L (Mann-Whitney) U 4% T F7HE EATHp<03). Zeiu &5 Wl whE
& o83k, o 7 T AFE vlaws] sl vl ARY &4 Amef Hakef Apol= AAl 71E7] 5ol
T AR R YaE B 9)(Wilcoxon Signed- YA A7E Et Bk FojabA & A oE vyt
ranks) A4S o]-&3st3aL, F o 7t 5 WEEY (p<.05)(Table 2)
A A vlael 2 S vk wwshy] $s)
9 2] EY(Mann-Whitney) U 78= skt S414 3. F 27t M F Mzt 28 +Z Hl
o] £ a= 052 3¢tk ALl 7187] &5 oMe A = FoT S
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Table 3. Change in Pre-post Trunk Flexion and Extension Muscle Strength

Muscle Strength (N) WBTE' group (n=9) GTE group (n=9) z p

Pre 128.35+22.80° 119.44+16.54 -97 33

Post 169.33+23.79 137.00+18.50 -2.60 .00*

Trunk flexion Change 40.97+13.42 17.55+8.29 -3.22 .00*
z -2.66 -2.66
p .00* .00*

Pre 159.11+£21.96 141.11£15.62 -92 35

Post 196.66+30.54 167.44+17.65 -2.20 .02%

Trunk extension Change 51.224£23.02 26.55+11.78 -2.34 01*
z -2.66 -2.66
p .00* .00*

“Whole Body Tilt Exercise, bGeneralTrunkExercise, “Mean+Standard Deviation, *P<.05.

Table 4. Change in Pre-post Balance Ability

Balance ability (score) WBTE" group (n=9) GTE® group (n=9) z p
Pre 67.66+18.25° 70.55+9.44 -22 .32
Post 86.12+8.43 79.88+8.35 -1.54 12
Static Balance (3D) Change 18.45+13.94 9.44+3.77 -1.99 .05*
z -2.66 -2.66
p .00* .00*
Pre 6.88+1.61 6.78+1.09 -.09 92
Post 10.22+.97 9.22+1.39 -1.61 .10
BBA Change 3.44+1.50 2.44+72 -1.53 12
z -2.68 -2.75
p .00* .00*

*Whole Body Tilt Exercise, "General TrunkExercise, “Mean+Standard Deviation, *P<.05.

ot 27HS BATHp<05). Tejuk L5 whe] whE
Kb e o] Wl Aol A4l 7187] £5 ol
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(p<.05)(Table 3).

344:10

a7 2 AoZ YRS THp<.05)Table 4). BBA 423
Hlaof A A4l 71&7] &5 olAe FA + Fogt
2718 B on(p<.05), dutd A7t SET A%
A & gt S Ethp<05). 1ou &5
Hofl w2 BBA 329] Wstef Aol= F 7t o3t
Z}o] 7} A THp>.05)(Table 4).



=
\J
3
=
n
:;
0
=
0
re
B
=
~
0
~
Mo
0l
S
i

£ 209 M2t XF, 29 3 %80 XK= gd: RPAY xZ

Ol | 81

S0l nAE BHE oty Yl ARt Aol ek
ol flEl §47] HES TAE IR AAT2 Al
242 vedlg o] g7t Al 71e7] e tiEae
HH AR EHeES AABIITE & de] 23 A
T oA ARt 28EE, AT = A 2, A
_'HL

3
@3} BBA 0] PAHUL, tl2at o M= Azt
3::] A

Ko 52015 §47] HEF 24 2 At
2oz thro] dubAel EYARE Al 3 A
Bk 2712 0 2 SpaceBalance 3DE o8-8 A| 23
g Els S5 Al 7187 S 1Y 304, 53],
% 337t 83 A3t £ 3 1% BBS, TUG, PASSO|A]
A & Fet 3 X%H‘ﬁo‘% = 2t skEr Blalo]

Ao E FA] A3 ]34
Y, BBA, A2 2 0] O] A8 i
of §AkG ATHE Rtk Teit B ATe] 447
of Tjet st ulmolx Algae] § 2 £71% B
th o) HAATIL FAII] 352 HLOr 3744
w9 S5 AF HAT Bxfe] Sayeef e
Yol Abgro] o]%] ke vk B Aol A 45
) 7 5 ] e on - $71% 54l
Felo| RS 81 4 3
A2 slol 5 e A48 Holsh 71902
wol 250 wa} WAE Aoz AzEtt

= ﬂ?oﬂ AH&-% SpaceBalance 3D= 7] o] 3174
o SR diFo 2 IS QPsHA 2R Aol A
A4l 71& 3 S EIES AAY 5 E A0 22U
ol Ao RN AIZE 259 HAA, A, T A
A FEo] AALHA FEEIL AT 2E FEo
PEE ] A 24, A 28, dFsgo FAE A

& A7t} Kangt Oh (2012)= HE FAI9F 3

N7t A HEFT A 3PS R HAl 71%71

o SAE Tﬁﬁo = TXH7]

A7k ek Asoh e

4
0%
ol
X
52 &
rlo
i
-
r>~

%n i

(postural sense), A|7Fe] 417 &+ 24
Fagt aeld], S8 A7) 7187]
3 AAAHA = 4= Qlth(Hasselbach-Heitzeg
and Reuter-Lorenz, 2002). Anders 5-(2007)2 AlA|& A}
Hog 7ol & RS ST A BE YRfolA
71201 vl wke] 850] St Hger), 5ol
B8 ype 19] = 497 A7 Bxel] o] =
AL 7V B depdeh st Kim S(011)
vk o0l Zuko] thalAy 342 iAo
2 321¢ _g__\?_ L3} S =3t FEL 0] 83 QH oL
o] 30, 28], 55 59 Al & ulwst
A% 379 23 AT LEF oAl A 28]

Ao Ao Aol 55 ANELTt 7
Ao %ol FAHAGL Rustelrh. Kim
Q008)& T HEF B 46 L T 2O 1ol
A AR LET Qi 2PLELS 19 308, 73
3], 777F A T olx] ARE 22 2] fofs)
A F7hsk ke Bol, olst Avke A7
Sofl Al 2egsh By ool A4l $AZ 918
28 LEAE A7 280] 3 4 U4ee 4
913 Karatas 520041 38739] Hrbu] 272} 4073
o) Aah 4lE qprom A7 23, A 2o 29
58 Mol BRSO} AL Qo Aol Al Azt
Zela} BBSAfolo] Aol Bl Holw, HEFow
Sla) A7t 2ejo] AslElw FRT Ao WS
WS Sl B Qo] A 4 F AT ol
Ak 23, A4 2] SolsAe 27kt ol
715 Aeld 2L $X517] 8 AL 718l
3ok G9IA|R SRk T B9 A 28] 74
4, A4, 544 452 B9 A 20| $olsH
FuE Ao AR,

o} S50 A QPAS 913 BEak



82 | J Korean Soc Phys Med Vol. 13, No. 4

Aaga g2go) 443 237} %2 5ithSevens of
al, 2006). T3 2 AN A4l 7127] Zhzo] T
w7} shelo] EAElo] &5 A| A7k TEw Aus
B, cake Aol A2k meue g
719 29 50 A3} B3e) 29 Y4 29
522 YA B A Ki} Qo]
A o 7esA e Ark(Van Peppen cf

2 Qo] Al 712700 cst A17He R
S chopet Wk AgiHo|n S5 A7t 24

o
i

I

_?L

b e
o
)%
(o m_‘_l’
oy

oy
_1\1?9.
3 32
w1
oZLrEL
o
._\.ﬂf}l
2 do
)
™ oo
b
mﬁﬂr?ui
o
R
Q@ on ogh L

=
|
-
oo
o
2
[d
N
o
N
Mo
o
rlo
N
32 o off dr X 1o of o2

2
=)
o & |

>,
Y
i
4
i
r>~
ox
2
oX,
iy
9|L
Rl
Jo
N

o,

,,
30 omx

CHAnders et al.,, 2008). & %1719 A
=9 AA| St 244
AR 27 18 08 HE HEF SHRtolA d
Wk} k=t SHAI7F Qlew, A7xE S
9 A71A a3E EAE=| o EFol
U2 dte A4 71e7] 59 9 A8 THsAe
dopd A} Sk AR AH(pilot study) HT. FF B2

ddAE S8 B A7 2 Aol
v.a e

A A B e o] gt T AAY afa-8-4
A AEE BAS AlA sl Aa=at AA 9
WA T AE & e Ao & dFe
A 9= o] g3k AAl 71&7] 501 547
WEF S A 24, 28, P50l ojudt ¢
= A A GotE A A EE Ty 1 A, A4l
71&7] ey ARk A EatolA A 274,
ARt 29, AP o] FFEUNe WA 71e7] &5
oA v 2 A Zapt e ALR YEt

o -

N

A, 54471 HEF SAllAl A4 sl o]

o A4 7127 5L ohE Ao At 24
o, AR 28, 39 5 B 9l B4 waes
o188 4 b Aolth BT o] L AFEo] A|44

References

Akuthota V, Nadler SF. Core strengthening. Arch Phys Med
Rehabil. 2004;85(3 suppl 1):86-92.

Anders C, Brose G, Hofmann GO, et al. Evaluation of the
EMG-force relationship of trunk muscles during
whole body tilt. J Biomech. 2008;41(2):333-9.

Anders C, Brose G, Hofmann GO, et al. Gender specific
activation patterns of trunk muscles during whole
body tilt. European journal of applied physiology.
2007;101(2):195-205.

Bayouk JF, Boucher JP, Leroux A. Balance training following
stroke: effects of task-oriented exercises with and
without altered sensory input. Int J Rehabil Res.
2006;29(1):51-9.

Cabanas-Valdes R, Cuchi GU, Bagur-Calafat C. Trunk training
exercises approaches for improving trunk performance
and functional sitting balance in patients with stroke:
a systematic review. NeuroRehabilitation. 2013;
33(4):575-92.

Chen IC, Cheng PT, Chen CL, et al. Effects of balance training
on hemiplegic stroke patients. Chang Gung Med J.
2002;25(9):583-90.

Choi JD, Jung KM. The Effect of Active Trunk Training in
Sitting Position on Balance and Energy Consumption
in Early Stroke Patients. J Korean Soc Phys Med.
2017;12(4):93-103.

Choi JM, Lee JH, Ha HG, et al. Reliability and concurrent
validity of the balance evaluation using space balance
3D and Tinetti Mobility Test in subacute stroke
patients. J of Korea Contents Association. 2012;
12(8):264-73.

Dickstein R, Sheffi S, Ben Haim Z, et al. Activation of flexor



A5 IEHS 0[g8t &A1 7

)| 2801 21 HEF 2N 2t 2, 29 % FG0 DIXE i FH9 BEZ MHISS | 83

and extensor trunk muscles in hemiparesis. Am J
Phys Med Rehabil. 2000;79(3):228-34.

Dickstein R, Shefi S, Marcovitz E, et al. Anticipatory postural
adjustment in selected trunk muscles in post stroke
hemiparetic patients. Arch Phys Med Rehabil.
2004;85(2):261-7.

Goljar N, Burger H, Rudolf M, et al. Improving balance in
subacute stroke patients: a randomized controlled
study. Int J Rehabil Res. 2010;33(3):205-10.

Hasselbach-Heitzeg MM, Reuter-Lorenz PA. Egocentric
body-centered coordinates modulate visuomotor
performance. Neuropsychologia. 2002;40(11):1822-33.

Jang JY, Kim SY. Effects of Trunk Control Exercise Performed
on an Unstable Surface on Dynamic Balance in
Chronic Stroke Patients. J Korean Soc Phys Med.
2016;11(1):1-9.

Kang TW, Oh DW. Treatment of hemispatial neglect in patients
with post-hemiparesis: a single-subject experimental
design study using a whole-body tilt exercise plus
mental practice. NeuroRehabilitation. 2012;31(2):
197-206.

Karatas M, Cetin N, Bayramoglu M, et al. Trunk muscle strength
in relation to balance and functional disability in
unihemispheric stroke patients. Am J Phys Med
Rehabil. 2004;83(2):81-7.

Kim BH, Lee SM, Bae YH, et al. The effect of a task-oriented
training on trunk control ability, balance and gait
of stroke patients. J Phys Ther Sci. 2012;24(6):519-22.

Kim CY. The effects of a trunk stability exercise on trunk
strengthening, dynamic balance and walking in the
persons with chronic stroke. Master’s Degree.
Sahmyook University. 2008.

Kim DH, Kim SS. The short term effect of early 3-dimension
lumbar stabilization exercise after lumbar
microdiscectomy. KISM. 2009;27(1):47-52.

Kim GY, Ahn CS, Kim SS. The Effects of 3-Dimensional
Lumbar Stabilization Exercise have an effect on the

improvement of pain and static or dynamic balance

ability in 20's age group with Low Back Pain. J
Korean Soc Phys Med. 2011;6(2):235-46.

Kim SH, Yu BG, Lee WH. Effects of Spinal Stabilization
Exercise on the Cross Section Area of the Lumbar
Multifidus, Lumbar Muscle Strength and Pain of
Patients with Low Back Pain. KSSIS. 2010;40(2):
527-36.

Knols RH, Aufdemkampe G, De Bruin ED, et al. Hand-held
dynamometry in patients with haematological
malignancies: Measurement error in the clinical
assessment of knee extension strength. BMC
Musculoskelet Disord. 2009;10:31.

Ko YJ, Ha HG, Bae YH, et al. Effect of space balance 3D
training using visual feedback on balance and mobility
in acute stroke patients. J Phys Ther Sci. 2015;
27(5):1593-6.

Loughlin PJ, Redfern MS. Spectral characteristics of visually
induced postural sway in healthy elderly and healthy
young subjects. [EEE Trans Neural Syst Rehabil Eng.
2001;9(1):24-30.

Moon SJ, Kim TH. Effect of three-dimensional spine
stabilization exercise on trunk muscle strength and
gait ability in chronic stroke patients: A randomized
controlled trial. NeuroRehabilitation. 2017;41(1):
151-9.

Pollock A, Baer G, Langhome P, et al. Physiotherapy treatment
approaches for the recovery of postural control and
lower limb function following stroke: A systematic
review. Clin Rehabil. 2007;21(5):395-410.

Prange GB, Jannink MJ, Groothuis-Oudshoorn CG, et al.
Systematic review of the effect of robot-aided therapy
on recovery of the hemiparetic arm after stroke. J
Rehabil Res Dev. 2006;43(2):171-84.

Saeys W, Vereeck L, Truijen S, et al. Randomized controlled
trial of truncal exercises early after stroke to improve
balance and mobility. Neurorehabil Neural Repair.
2012;26(3):231-8.

Song GB, Park EC. Comparison of the Effects of Task-oriented



84 | J Korean Soc Phys Med Vol. 13, No. 4

training and Virtual reality training on upper extremity
function, balance ability, and depression in stroke
patients. J Korean Soc Phys Med. 2016;11(1):115-25.

Stevens VK, Bouche KG, Mahieu NN, et al. Trunk muscle
activity in healthy subjects during bridging
stabilization exercises. BMC Musculoskelet Disord.
2006;7:75.

Thorborg K, Bandholm T, Holmich P. Hip-and knee-strength
assessments using a hand-held dynamometer with
external belt-fixation are inter-tester reliable. Knee
Surg Sports Traumatol Arthrosc. 2013;21(3):550-5.

Tyson SF, DeSouza LH. Development of the Brunel Balance
Assessment: a new measure of balance disability post
stroke. Clin Rehabil. 2004;18(7):801-10.

Van Peppen RP, Kortsmit M, Lindeman E, et al. Effects of
visual feedback therapy on postural control in bilateral
standing after stroke: a systematic review. J Rehabil
Med. 2006;38(1):3-9.

Van Peppen RP, Kwakkel G, Wood-Dauphinee, et al. The
impact of physical therapy on functional outcomes
after stroke: what’s the evidence?. Clin Rehabil.
2004;18(8):833-62.

Verheyden G, Nieuwboer A, Mertin J, et al. The trunk

impairment scale: a new tool to measure motor
impairment of the trunk after stroke. Clin Rehabil.
2004;18(13):326-34.

Verheyden G, Nieuwboer A, Van de Winckel A, et al. Clinical
tools to measure trunk performance after stroke: a
systematic review of the literature. Clin Rehabil.
2007;21(5):387-94.

Vetheyden G, Vereeck L, Truijen S, et al. Additional exercises
improve trunk performance after stroke: A pilot
randomized controlled trial. Neurorehabil Neural
Repair. 2009;23(3):281-6.

Verheyden G, Vereeck L, Truijen S, et al. Trunk performance
after stroke and the relationship with balance, gait
and functional ability. Clin Rehabil. 2006;20(5):
451-8.

Yang YR, Chen YH, Chang HC, et al. Effects of interactive
visual feedback training on post-stroke pusher
syndrome: a pilot randomized controlled study. Clin
Rehabil. 2015;29(10):987-93.

Yoo JS, Jeong JR, Lee WH. The Effect of trunk stabilization
exercise using an unstable surface on the abdominal
muscle structure and balance of stroke patients. J
Phys Ther Sci. 2014;26(6):857-9.



