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[Abstract]  Objective To investigate the difference between walking and static standing
characteristics in stroke patients with and without vestibular symptoms. Methods A total of 82 stroke
patients who received rehabilitation treatment in Tianjin Huanhu Hospital, Tianjin University from May
2020 to December 2021, and 49 controls with the matched gender, age and education level were included.

The stroke patients were divided into vestibular symptom group (n =51) and vestibular symptomless group
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(n=31) according to the condition of vestibular symptoms. The walking stability was evaluated by 7-Meter
Walking Test, and the stability of static standing balance was evaluated by the Clinical Test of Sensory
Interaction and Balance (CTSIB). Results The results of the 7-Meter Walking Test showed that there were
statistically significant differences in the spatial and temporal parameters of gait, the coronal plane swing
angle of trunk, swing area and the root mean square of coronal plane posture swing among 3 groups (P =
0.000, for all). The stride length, stride speed and stride frequency of the vestibular symptoms group and
the vestibular symptomless group were lower than those of the control group (P = 0.000, for all), and the
time parameters of the double brace phase time and the terminal double brace phase time were higher than
those of the control group (P = 0.000, for all). The stride length, stride speed and stride frequency of the
vestibular symptoms group were lower than those of vestibular symptomless group (P <0.05, for all), and the
time of dual brace phase and terminal dual brace phase were higher than those of vestibular symptomless
group (P =0.000, for all). The trunk coronal plane swing angle (P <0.01, for all), swing area (P = 0.000, for
all) and root mean square of coronal plane posture swing (P = 0.000, for all) in vestibular symptoms group
and vestibular symptomless group were greater than those in control group. The coronal plane swing angle
of trunk and the root mean square of coronal plane posture swing of vestibular symptoms group were also
greater than those of vestibular symptomless group (P =0.000, for all). The results of CTSIB showed there
were statistically significant differences in trunk swing area, root mean square of coronal and sagittal plane
postural swing among 3 groups (P =0.000, for all). In vestibular symptom group and vestibular symptomless
group, the root mean square of coronal and sagittal plane postural swing were greater than those of the
control group under the 4 test conditions of eyes open on firm, eyes closed of firm, eyes open on foam, eyes
closed on foam (P <0.01, for all). In vestibular symptom group and vestibular symptomless group, the trunk
swing area was greater than that in control group under 3 test conditions of eyes open on firm, eyes closed
on firm and eyes closed on foam (P =0.000, for all). The trunk swing area in vestibular symptom group was
greater than that in control group (P =0.000), but less than that in vestibular symptomless group (P =0.000).
There was no statistical significance between vestibular symptoms group and vestibular symptomless group
under 4 test conditions (P > 0.05, for all). Conclusions The walking parameters of stroke patients with
vestibular symptoms were significantly changed than those of vestibular symptomless, which can provide
important clinical value for the implementation of precise rehabilitation treatment.

[Key words] Stroke; Vestibular, labyrinth; Walking; Postural balance; Rehabilitation
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Table 1. Comparison of general date among different groups

WLEESE b MR (n=49)  TRTERERA (n=31)  FIEERA(n=51) S P
PER [ (%) ] 1.399 0.497

LR 34(69.39) 25(80.65) 39(76.47)

Z 15(30.61) 6(19.35) 12(23.53)
(s, %) 52.69 +3.93 53.32+3.29 52.73+6.13 0.194 0.824
BMI( +5,kg/m>) 25.51+2.83 25.86+3.20 26.30+2.77 0.939 0.394
ZHERE (Rxs,4F) 11.86+2.26 12.06+2.26 12.00 +2.08 0.097 0.907
JRAE (X +s,d) 8.87+1.86 10.12+1.91 0.113 0.123
NIHSS[ M(P,;,P,5) , 747 ] 1.00(1.00,2.00) 2.00(1.00,2.00) -1.156 0.248
I (%) 26(53.06) 15(48.39) 27(52.94) 0.202 0.904
(%) ] 23(46.94) 15(48.39) 19(37.25) 1.346 0.510
MBI (%) ] 27(55.10) 18(58.06) 21(41.18) 2.897 0.235
o i L [ (%) ] 25(51.02) 15(48.39) 23(45.10) 0.353 0.838
W AR [ ] (%) ] 20(40.82) 13(41.94) 27(52.94) 1.724 0.422
Y [ 61(%) ] 15(30.61) 16(51.61) 25(49.02) 4.764 0.092

Two-independent-sample ¢ test for comparison of duration, Mann-Whitney U test for comparison of NIHSS, one-way ANOVA for
comparison of age, BMI and education, and x? test for comparison of others, J95 P2 114 Hb %88 % FH W 20t 57 R AS 19 ¢ 46 56, NTHSS PF 43 19
L% 2R F Mann-Whitney U K550, 4F % BMI, 32 208 B2 B2 A9 LU BER HT 88 I8 3R 07 22 00 0, HOAR 46 AR 19 LE R HT X K6 55 . BMIL,
body mass index, /& 8 45 %% ; NIHSS, National Institutes of Health Stroke Scale, 38 [E [E 57 T AR BF 98 B 24F i 4 6
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Table 2.

Comparison of gait parameters in 7-Meter Walking Test among different groups

2R S8 (2+5)

i 1] 2 5

A i Kl (m) B (mls)  BHIMP,,P,5) o min] BECFEMNE] (X £5, %GCT) ZRIGCHEM M (% 5, %GCT)
XHARAL(1) 49 1.24+0.20 1.20£0.20  114.00(109.00,120.00) 17.63 +3.19 8.58+1.41
TCRTHEAEIRAL(2) 31 0.98+0.18 0.82+0.22  101.00( 92.50,105.00) 24.74+5.58 12.66 +1.77
RIEEREIRZH(3) 51 0.84+0.17 0.71+0.19 93.00( 90.00, 98.00) 30.09 + 3.64 16.26 £2.75

Fal x> i 60.431 81.938 78.571 119.471 165.966

PE 0.000 0.000 0.000 0.000 0.000

R3 AFEALBEH Z 0 7K ATI AL S S 50 W L

Table 3. Pairwise comparison of gait parameters in 7-Meter Walking Test among different groups

Kruskal-Wallis test (H test) for comparison of stride frequency, and one-way ANOVA for comparison of others, 25 4 (1t 45 % ] Kruskal-Wallis
T CH A5G ), AR FEAR 1) LU BCR A R 7 225001 GCT, gait cycle time, 2547 J&] #15) [A]

\ i il P2 XS 5 AR I 1] LU AH I 1]
ZH [H] P P L
i PfH {H P{H ZfH P{H gl P{H . P{H
(1) :(2) 5.904 0.000 8.280 0.000 -5.726 0.000 -6.456 0.000 -11.412 0.000
(1) :(3) 10.897 0.000 12.785 0.000 -8.318 0.000 -18.177 0.000 -17.648 0.000
(2):(3) 3.479 0.001 2.293 0.024 -3.120 0.002 -4.757 0.000 -7.207 0.000
KA AFLEBLA ZIKE 7R ST IR TSR0 B M (P, Py ]
Table 4. Comparison of trunk parameters in 7-Meter Walking Test among different groups [M (P,;, P,,)]
s - KT () EB?E%E al BHRAR TR (m/s?)
AR T SR T a5 AR T SR TH
XHARZ (1) 49 4.68(3.84,5.51) 5.36(4.13,6.49) 0.05(0.03,0.07) 0.03(0.03,0.04) 0.08(0.07,0.11)

JCHTEESER AL (2) 31

5.53(4.70,6.75)

5.53(4.44,6.00)

0.09(0.04,0.17)

0.05(0.04,0.07)

0.09(0.07,0.14)

AT BEAE AR 2 (3) 51 7.41(5.37,8.95)  5.22(4.10,6.49) 0.11(0.04,0.17) 0.09(0.06,0.10) 0.09(0.07,0.17)
Nal] 40.794 0.478 21.334 74.935 2.388
PIH 0.000 0.787 0.000 0.000 0.303

RS AP SZIKE 7K AT UK T2 500 P LE

Table 5. Pairwise comparison of trunk parameters in 7-Meter Walking Test among different groups
‘ ISR INTTEES=IDEE]: S KT 422 gy i A T R T A Bl Y 149 07 AR
2 18] 749 74 L - - - - - -
Z1{H PfH ZfH PAH 74 PH
(1):(2) -2.755 0.006 -3.634 0.000 -5.249 0.000
(1):(3) -6.113 0.000 -4.158 0.000 -4.909 0.000
(2):(3) -3.510 0.000 0.053 0.958 -3.897 0.000
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R6 AR Z X CTSIB MR Z 4K T2 sh m LA Lb [ M (P, P,;) ,m*/s* ]

Table 6. Comparison of swing area of CTSIB parameters among different groups [M (P,;, P;), m*/s*]
451 % EO0 El E2 £3
X IRA1(1) 49 0.02(0.01,0.04) 0.02(0.02,0.03) 0.09(0.06,0.13) 0.15(0.09,0.24)
T EESE AR 2H (2) 31 0.06(0.04,0.13) 0.06(0.03,0.10) 0.06(0.04,0.08) 0.40(0.23,0.55)
T2 i PR 20 (3 ) 51 0.06(0.03,0.11) 0.05(0.03,0.11) 0.25(0.12,0.57) 0.41(0.24,0.97)
X ME 32.544 35.196 37.963 43.613
PH 0.000 0.000 0.000 0.000

KT ORIEAL AL CTSIB P Z SR T 45 3 1 39 07 R LL A LM (P, P,)  mis?]

EO, eyes open on firm, IR E& SE 1l ; E1, eyes closed on firm, A1 IR A& 72 i ; E2, eyes open on foam, It IR - 5 #5 ; £3, eyes closed on foam, 1 IR
SR . The same for Table 7-9

Table 7. Comparison of root mean square of coronal postural swing of CTSIB among different groups [M (P,;, P.;), m/s’]
il %k EO El E2 E3
xR (1) 49 0.02(0.02,0.02) 0.02(0.02,0.02) 0.06(0.04,0.08) 0.07(0.06,0.10)
TG i EAE AR AL (2) 31 0.04(0.03,0.06) 0.03(0.02,0.05) 0.08(0.06,0.13) 0.12(0.08,0.16)
HTRESEAR A (3) 51 0.03(0.02,0.05) 0.03(0.02,0.05) 0.10(0.07,0.16) 0.14(0.09,0.21)
XE 37.354 41.180 33.073 34.935
Pia 0.000 0.000 0.000 0.000

KR8 AIFALERH Z A CTSIB MR Z SR T L H AR S 4 0 AR LLE LM (P,g, Py)  mis?]

Table 8. Comparison of root mean square of sagittal postural swing of CTSIB among different groups [M (P,;, P,;), m/s’]
4151 B1% EO El E2 E3
XpRRAL(1) 49 0.02(0.01,0.03) 0.07(0.05,0.09) 0.09(0.07,0.12) 0.11(0.09,0.16)
JC R BEAEARAL(2) 31 0.04(0.03,0.06) 0.10(0.08,0.15) 0.12(0.09,0.19) 0.18(0.14,0.23)
HIEEREAR 21 (3) 51 0.04(0.03,0.09) 0.09(0.06,0.14) 0.13(0.10,0.18) 0.19(0.15,0.28)
XME 40.119 16.996 22.013 30.624
PAH 0.000 0.000 0.000 0.000
RO AL IR Z L CTSIB IS B 7 790 LL 5
Table 9. Pairwise comparison of CTSIB parameters among different groups
o1 S EO E1l E2 E3
ZAi PAiL Z 1l PAi ZAi PAiL Al P1H
YR T 42 2y i AR
(1):(2) -4.686 0.000 -5.294 0.000 -4.632 0.000 -5.037 0.000
(1):(3) -4.985 0.000 -4.754 0.000 -5.647 0.000 -5.958 0.000
(2):(3) -0.292 0.771 -1.062 0.288 -0.870 0.384 -1.420 0.156
SR T S 43 Bl A 14 7 AR
(1):(2) -4.933 0.000 -5.220 0.000 -4.049 0.000 -4.113 0.000
(1):(3) -5.382 0.000 -5.654 0.000 -5.368 0.000 -5.509 0.000
(2):(3) 0.698 0.485 -0.110 0.912 -1.305 0.192 -1.544 0.122
IR PR T2 A2 Sl Y 24 7 AR
(1):(2) -5.254 0.000 -4.079 0.000 -3.200 0.001 -4.183 0.000
(1):(3) -5.513 0.000 -2.665 0.008 -4.520 0.000 -5.051 0.000
(2):(3) -0.210 0.833 -1.477 0.140 -0.435 0.663 -0.861 0.389
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