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Editorial

Human gait is a bipedal form of locomotion and is attained
through a learning process that occurs after birth. It involves a
smooth translation of the body’s center of gravity with minimal
energy consumption and is a stable motor behavior with minor inter-
individual variation. Gait is very important for quality of life. However,
gait is affected by many neurological disorders, including disorders of
the vestibular system. Accordingly, gait analysis can provide useful
information on the path physiological status of patients with vertigo.

Many basic experiments have been undertaken to study the
systems involved in the control of gait, and it has been elucidated
that a gait initiation signal is transmitted from the mesencephalic
locomotor region and cerebellum, especially the fastigial nuclei, to
the gait-rhythm releasing system, the muscular tonus control system,
and the phase-control system (Figure 1) [1-5]. The phase-control
system is divided into ascending and descending pathways, and the
descending pathway includes the vestibulospinal system. Thus, it
could be thought that peripheral vestibular lesions would mainly
affect the phase of gait, and lesions in the dorsal and ventral portion
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Figure 1: Subtentorial control system of locomotion.
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Figure 2: One Gait Cycle.

of the mid-pontine tegmentum would mainly affect the pontine
muscular control system and result in abnormalities in body weight
support during stance in addition to gait rhythm instability.

A unilateral vestibular lesion causes locomotor deviation toward
the side of the lesion and decrease of walking speed, and the degree
of these alterations correlates with severity of the lesion and indicates
the degree of vestibular compensation [6,7]. These gait abnormalities
are sometimes referred to as labyrinthine ataxia. However, the effects
of unilateral vestibular lesions on gait performance are not restricted
to gait deviation.

The human gait cycle is composed of stance and swing phases.
Stance is largely composed of three sub-phases: Initial double support,
single-limb stance, and second double support (Figure 2). The single-
limb stance period corresponds to the swing phase of the other foot. If
focusing on foot movement, stance includes the time from heel strike
to forefoot strike (HA-I), the single-limb stance period, and the time
from heel off to forefoot oft (HA-II). The absolute and relative duration
of these phases can easily be recorded by the use of foot switches. In
normal subjects, the coefficient of variation (CV) of the duration of
swing and stance is 6.8-7.0(%) and the coefficient of variation (CV) of
HA-Tand HA-ILis 39.5(%) and 32.2(%) respectively in free gait over a
distance of 8 meters [8]. These phase related variables became greater
in cases with a vestibular system lesion. The most sensitive variable
was coefficient of variation of HA-I (time from heel strike to forefoot
strike) in patients with peripheral vestibular system lesion [9]. This
might reflect the fact that dorsiflexion of the ankle involves activity of
the tibialis anterior muscle, and this muscle has a significantly lower
number of neuromuscular units than the gastrocnemius muscle, in
addition to a functional connection with the lateral vestibulospinal
tract. The instability of stance and swing was greater in patients with
a central vestibular lesion than in patients with a peripheral vestibular
lesion [10], but the variability of these variables in patients with a
peripheral lesion was restored in the recovery stage (Figure 3) [9].

Instability in the timing of gait phases is significantly increased
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Figure 3: Changes of gait phase related variables from acute stage to
recovery stage in cases with peripheral vestibular lesion [9].
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Figure 4: CV value changes of gait under eyes open and closed in cases
with small acoustic neuroma. Increment of CV value is evident under gait
with eyes closed [11].

eyes closed that was greater than that exhibited by normal control
subjects (Figure 4) [11].

Gait stability can also be quantified by the continual change in
vertical foot pressure throughout stance. This can be evaluated by
foot pressure progression and the trajectory of the center of pressure
during stance that can be recorded by tactile sensors placed under
each foot. Representative recordings made using this system are
shown in Figure 5. The general gait pattern can be quantified from
these recordings and stance, swing, and double support periods can
be identified and divided into parts such as body-weight acceptance,
body-weight translation and body-weight thrust. Representative
recordings from pathological cases (vestibular neuronitis, large
acoustic neuroma, and spinocerebellar degeneration) made using this
system is shown in Figure 6. When compared with normal subjects,
the pathological cases have poor stability of the center-of-pressure
trajectories of both feet (Figure 6; left panel) and overlapping figures
of foot pressure progression during stance become disordered.
(Figure 6; right panel). Spinocerebellar degeneration is the most
severely affected of the three pathological cases. The most prominent
changes in foot-pressure progression during stance were found in the
period of body-weight translation, and patients with spinocerebellar
degeneration showed the most severe changes [12]. This implies that
patients with spinocerebellar degeneration had a discrete vestibular
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Figure 5: Foot pressure change of gait in normal subject: a) recording of
straight walk. b) Overlapping figure of each step; 1): body weight acceptance,
2) body weight translation, 3) body weight thrust . Note the stability.
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Figure 6: Representative Recordings of Overlappig Figures of Trajectories of
Center of Force and Foot Pressure Progression in three different pathological
cases [13].

during gait performed with the eyes closed [8]. Feed-forward visual
information plays an important role in stable locomotion, and this
visual information can compensate for minor functional imbalances
in the vestibular system and allow steady locomotion. In fact, patients
with small acoustic neuroma had seemingly normal gait with a stable
gait pattern when walking with eyes open, but exhibited an increment
of CV in the variability of stance and swing phases when walking with
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Figure 7: Changes of CV (%) of stance in normal and pathological cases: VN:
estibular neuronitis, AT: acoustic tumor, SCD: Spinocerebelar degeneration
[12].
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system lesion that affected the pontine and cerebellar gait control
systems [12,13].

The CV of stance and swing duration also increases in pathological
cases, as detailed above, and the results of stance are shown in Figure
7.

Gait performance is a whole-body movement, raising the
question of what kinds of abnormalities can be detected by three-
dimensional whole-body motion analyses. Scant data are available
to address this question. However, our recent study showed that
patients with acoustic neuroma had slower gait speed, shorter stride,
and smaller ankle flexion angle at heel strike, and larger pitch and
roll head movements than age- and height-matched controls [14]
the ankle flexion angle became smaller with larger tumors that were
more than 2 cm from the porus acoustics. It is conceivable that head
movements in the roll, pitch and yaw planes during locomotion are
differentially affected by lesions of superior and inferior vestibular
nervous systems, and this should be clarified in future studies.

In addition to gait abnormalities, it has recently been shown that
vestibular lesions can affect the navigation system [15]. Furthermore,
gait performance can be affected by aging, cognitive function,
circulation disorders, malignant tumors, pain, psychological
disorders, fear, and neurological disorders, in addition to vestibular
system lesions [16,17]. It has recently been shown that regular
walking is associated with a lower overall mortality rate [18]. Thus,
gait performance has now become a target for study from broad
scientific aspects.
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