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Unsteadiness that people may continuously experience in everyday life is closely related to
unilateral vestibulopathy. In human bipedal gait related to locomotion, supra-spinal control
is responsible for gait rhythm. The vestibular system is involved in stable gait directly by ad-
justing the tension of the antigravity muscles and indirectly by producing information related
to a change in the center of gravity according to the angular velocity and position of the head;
thus, vestibular disorder gives rise to vestibular ataxia. Vestibular ataxia arises from vestibu-
lo-spinal reflex impairment that changes the movement of the center of gravity in gait initia-
tion, step length, stance width, the timing of ground reaction force, and pre-swing. In this way,
information from studies related to locomotion is very important in vestibular rehabilitation.
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Fig. 1. Stride and step.

Table 1. Gait cycle terminology & meaning

Vestibulospinal Reflex and Locomotion I Han GC

2 $J3t AAIE 33t} Initial contractS BHFEA] 7| A Ho|
2= &7bolnk Loading responset S o] Ao m5= gk
I o= o], vt o] SEui7b] M-S FAIE
Mid-stance+= Rt Wo] S2|a1, Ao A|Hol| go}
)= o] Ho)i= A]7]o]t}. Terminal stance= Aol 2o} ¢l
R 7F S8 AL jivhsE WEER]7E Aol @71 7kK] €]
17101ck. AlF-2 Aol Fof Sl o] YRR 2 molF
o}, E3F 9] Axlo] Yofifi= Al7]o|t}. Pre—swing- Hitf

2] initial contract”} Yojub= {HE o o] AW
1} Hojz|= &7171x]olet Initial swing< o) Hro] Z|Ho|
A oA 552 Axlo] doldtt. Mid-swing |4
12 oA "ol Stk FEZ4Eo] XY wiiE A=

A2}Z o] Zuj71A] 9] Al7]o|th Terminal swinge 4&©|
= ARE Aue ARRE FEol FEA A5
78] w= AR 7R o]

A A SRS o SRR oledit A T4
[e]

o

flrxe @

>~

re

=

© oF 5 om AEO|3, ZolFL 188 77| Fofl 29 212}

18] Ayt 21 of5o] 2EL: oF 5 cm JE=o]tH(Table 1).

gAyEegolet o2 A™ HAES AISHEA AAIE °olF

A7l a9 RS0 YBH O R NHEEL AL Jtr),

APH o B HYRAL RO 10 m 7} AelS A

AN T} ohe] el B 7se) IS ek 2y

ojn] o5 Aoy = gt tEAQ] HHA EARIAR
LS u

AFAE 201 Qlofol Ttk Bo) A% S 98] AAte] S
of whe 87b B2 ZAsHE F4 B4 (Dynamic
Gait Index) S 0183 45kl T-85}o] % 243 whdollA] 19
A ofsol i el Sltle] 2 Ao 1FS)E Tt

THo g2 913t HajAolo] H-$ “senile gait disturbance” 2}

Gait cycle Limb movement Foot motion
(stride) (tasks) (phase)

Stance phase Weight acceptance Initial contact

Beginning of the stance phase, heel contact with the floor

Loading response Initial double-limb support

Single limb support  Mid stance

Terminal stance

First half of single support: contralateral foot leaves the ground
Second half of single limb support: heelrise & contralateral foot contacts

on the ground

Pre swing
Swing phase Limb advancement Initial swing
Mid swing

Terminal double-limb support begins when contralateral foot contact
Toe off; maximum knee flexion: body forward moving
Continued limb advancement and foot clearance; maximum knee

flexion-tibia in vertical position

Terminal swing

Tibia passes beyond perpendicular-full extension of knee for heel contact
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The supraspinal control of gait

frontal

Fig. 2. This diagram shows the current concept of the supraspinal
control of human gait. Impulses from the motor and premotor ar-
eas of the frontal cortex disinhibit brainstem locomotor areas by
way of the basal ganglia. The signal to initiate or alter the pattern of
movement travels from the midbrain via the pontomedullary reticu-
lar formation to the spinal generators. The rhythm and speed of gait
are modulated by the cerebellum. Afferent signals from the limbs
(blue) can modulate the pattern of gait through feedback loops,
mainly by way of spinocerebellothalamic connections. CLR: cerebel-
lar locomotor region, CPG: central pattern generator, MLR: midbrain
locomotor region, PMRF: pontomedullary reticular formation, SLR:
subthalamic locomotor region.
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Fig. 3. Normal gait cycle summation result on pitch motion of low-
er limbs. Upper: right leg; lower: left leg; X-axis: angular velocity of
lower limb (°/s), Y-axis: time (s); white arrow means initial contact
(heel strike), open arrow means preswing (toe off).
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Fig. 4. Gait analysis result of right vestibuloneuronitis. Upper: right
leg; lower: left leg; X-axis: angular velocity of lower limb (°/s), Y-axis:
time (s); white arrow means initial contact (heel strike), open arrow
means preswing (toe off). Lesion side initial contact & limb advance-
ment phase shows wide variation.

T Rightteg Gyro Fs -

0 =

10 0 2
+ 20 |

Fig. 5. Gait cycle frequency analysis results. Left one is from health volunteer; middle one is from right vestibuloneuronitis patients; right one
is from bilateral vestibulopathy patients; the dominant frequency pattern of abnormal patients were different from normal one.
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