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Abstract
Vertigo and balance impairment are the primary symptoms of vestibular impairment. These symptoms
affect an individual’s activities of daily living (ADL) and quality of life (QOL). In patients with stroke,
vestibular symptoms vary depending on the area of damage, making it crucial to assess the appropriateness
and effectiveness of vestibular rehabilitation (VR) according to each symptom and affected region. Here, we
aimed to report the progress of balance function and vestibular symptoms after VR in a patient with left
cerebellar infarction.

A 50-year-old male patient with left cerebellar infarction presented with mild trunk ataxia. Despite these
mild impairments, the patient experienced vertigo and unsteadiness while standing and walking,
necessitating assistance for fall prevention. The patient underwent VR for 28 days, including vestibulo-
ocular reflex (VOR) cancellation exercises and habituation exercises. Subjective visual vertical (SVV),
nystagmus, VOR cancellation test, grading of lateropulsion (GoL), Mini-Balance Evaluation Systems Test
(Mini-BESTest), timed up and go test (TUG), modified Clinical Test of Sensory Interaction and Balance
(mCTSIB) using a stabilometer, and self-reported vertigo intensity using a numeric rating scale (NRS) were
measured biweekly.

Compared with the initial assessment, the patient’s performance on the SVV, VOR cancellation test, GoL,
and TUG improved at the final assessment. Furthermore, on the Mini-BESTest, the score improved from 3/28
points to 26/28 points. All parameters of the mCTSIB using a stabilometer improved in the eyes-closed
condition using foam rubber. However, left-beat nystagmus after head shaking, left-gaze nystagmus when
gazing to the left, and vertigo during postural changes did not change.

Although VR in patients with left cerebellar infarction may improve balance function, its effectiveness
against vertigo requires further investigation. These findings suggest that the mechanisms underlying the
vestibular function in vertigo and balance are distinct. Future investigations are required to explore the
effects of VR on lesions in the vestibular regions, considering the timing of the intervention, suitable cases,
and appropriate frequency of sessions in greater detail.
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Introduction
Vertigo and balance impairment are the primary symptoms of vestibular impairment [1]. These symptoms
affect activities of daily living (ADL) and quality of life (QOL) [2-4]. Vestibular function senses the rotational
and linear acceleration of the head and contributes to the orientation of the head and the stability of eye
movements in postural control. Moreover, vestibular function is related to maintaining balance while
standing, walking speed, and the risk of falling [5-7]. Therefore, improving vestibular function is important
for enhancing balance, decreasing the risk of falls, and improving QOL.

After input from peripheral organs, afferent vestibular information is transmitted to the vestibular nucleus
located in the rostral medulla oblongata and caudal pons [8]. These signals are then relayed to the
interstitial nucleus of Cajal in the midbrain before reaching the vestibular cortex, including the insular and
parietal lobes, via the thalamus [9-11]. Therefore, if damage occurs at any site of the pathway, vertigo
associated with vestibular impairment comes into existence.

Vestibular rehabilitation (VR) is a well-known form of rehabilitation used to improve vestibular impairment.
VR is a rehabilitation program that aims to improve the vestibular and balance functions through three
mechanisms: adaptation, substitution, and habituation. Vestibular and balance functions are optimized by
VR in patients with unilateral peripheral vestibular impairments [12-15]. In recent years, the number of
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reports examining the effects of VR in patients with stroke has increased [16-18]. In patients with stroke,
vestibular symptoms, such as the direction and magnitude of perceptual vertical deviation, presence or
absence of vertigo, and eye torsion, vary, depending on the affected areas of the damaged afferent vestibular
pathway [19]. For instance, cerebellar vertigo exhibits nystagmus and a direction of fall opposite to that
observed in typical patients with unilateral peripheral vestibular impairments, often resulting in chronic
symptoms [20,21]. Therefore, it is essential to assess the applicability and effectiveness of VR based on the
specific symptoms and affected regions. However, there is a lack of reports detailing the longitudinal
changes in vestibular and balance function following individualized VR in cerebellar infarction patients
presenting with cerebellar vertigo.

This study aimed to report the progress of implementing VR, including balance training, in a patient with
left cerebellar infarction who presented with rotational vertigo and impaired balance.

Case Presentation
Figure 1 illustrates the patient’s disease progression. The patient was a 50-year-old, right-handed male who
called for an ambulance because of sudden subjective symptoms, including vertigo, nausea, and
lightheadedness. Based on HINTS (short for head impulse-nystagmus-test of skew) examination, ataxia
assessments (finger chase test, nose-finger test, and heel-shin test), and MRI findings, a diagnosis of
cerebellar infarction was established, and the patient was admitted to an acute care hospital. The acute
hospital treatment included pharmacotherapy with aspirin, ozagrel, and antihistamines, as well as
rehabilitation; no surgical interventions, such as craniotomy, were undertaken. Following acute treatment,
the patient was transferred to our hospital for rehabilitation on the seventh day post-ictus. He had no
medical history of peripheral neuropathy, including diabetes or lumbar disc herniation. Moreover, the
patient had no history of vertigo or dizziness.

FIGURE 1: Patient’s disease progression
This figure illustrates the progress of ADL independence and vertigo. 'X' represents the day the patient
experienced a stroke and was transported to the acute hospital. Vestibular rehabilitation was conducted from day
X+7 to X+35. Over time, the patient gradually regained mobility and was discharged home on day X+35. A follow-
up evaluation was conducted on day X+63.

IADL: instrumental activities of daily living; ADL: activities of daily living; NRS: numeric rating scale

On initial assessment, supine-to-sitting and maintenance of an upright stance were accomplished without
supervision or assistance. Likewise, the sitting-to-standing did not require supervision or assistance,
although the patient employed an external support to mitigate postural sway. However, the patient was
aware of vertigo, with a severity of three to five on the numeric rating scale (NRS), with rapid head
movements. The patient reported experiencing dizziness during ADLs, such as turning in bed, standing up,
and observing the vortex of water in a flushing toilet. The patient complained of “being pulled to the right
when walking, resulting in falls” and “experiencing vertigo when turning the head, making it impossible to
remain standing.” Although the timed up and go test (TUG) was completed at 9.92 seconds and there was no
change in time depending on the direction of the turn, the patient needed assistance for postural control in
right-sided turns due to falling to the right. Similarly, the 10-m walking speed was 1.09 m/s, with no
decrease in walking speed; however, the patient fell to the right and required assistance. The Mini-Balance
Evaluation Systems Test (Mini-BESTest) scored 3/28 points; only the “sit to stand” and “stance, eyes open on
firm and flat surface” items scored one and two points, respectively. Patients with vestibular impairments
become unsteady and fall when standing or changing direction [5,6], which is consistent with the clinical

 

2025 Hirano et al. Cureus 17(4): e83163. DOI 10.7759/cureus.83163 2 of 14

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1471319/lightbox_82bd1ea024b811f0b54e4f0e87ae9a46-rehab.png
javascript:void(0)


findings. 

Figure 2 shows the T2-weighted image of the patient at the time of initial assessment. A wide range of high-
intensity signals were observed in the left cerebellar hemisphere and vermis at the level of the middle and
inferior cerebellar peduncle [22]. Inhibitory fibers have been reported to reach the ipsilateral vestibular
nucleus from the flocculonodular lobe via the inferior cerebellar peduncle [23], and it was speculated that
the patient had similarly damaged fibers.

FIGURE 2: MRI at the initial assessment showing cerebellar infarction
A: MRI image at the level of the middle cerebellar peduncle; B: MRI image at the level of the inferior cerebellar
peduncle

The arrow indicates the presence of an infarction in the flocculonodular lobe within the cerebellum.

The subjective visual vertical (SVV) deviated 4.0 ± 1.2° to the right, and the head impulse test (HIT) did not
show a catch-up saccade. Vestibulo-ocular reflex (VOR) cancellation test with visual confirmation was
difficult on both sides. Spontaneous or positional nystagmus was not observed. Left-beat nystagmus was
observed when shaking the head, and gaze nystagmus was noted when gazing to the left. The SVV measures
the difference between the perceived and true vertical of the earth [24], and if the SVV deviates by >2.5°,
vestibular impairment is estimated [24-26]. The SVV is a highly sensitive assessment tool for detecting
peripheral and central vestibular impairments [27,28]. The HIT reflects the function of the lateral
semicircular canal and is highly effective in distinguishing severe vestibular impairments [29]. In contrast,
VOR cancellation expresses the function of inhibition fibers from the cerebellum to the lateral semicircular
canal and assesses central vestibular impairments [30].

The results of the modified Clinical Test of Sensory Interaction and Balance (mCTSIB) using stabilometry are
shown in Tables 1, 2. The mCTSIB is performed under four conditions: eyes open with and without foam
rubber and eyes closed with and without foam rubber [31]. The mCTSIB reveals the interaction of each
sensory modality during static standing and has high reliability and validity [31]. On initial assessment, the
patient’s center of pressure (CoP) sway area increased in the eyes-closed condition, and the Romberg’s
ratios of velocity were 1.93 cm/s and 2.63 cm/s in the without and with foam rubber conditions, respectively
(Table 1). The Romberg’s ratio was the value obtained by dividing the velocity in the eyes-closed condition
by that in the eyes-open condition. In the eyes-closed condition of the mCTSIB, vestibular function is more
involved than in the eyes-open condition [31]. Additionally, we calculated the sensory weighting in static
standing using the total path length of the CoP in the mCTSIB [32]. The visual, somatosensory, and
vestibular ratios of the patient in this case report were 62.9%, 21.6%, and 15.5%, respectively, which
exceeded two standard deviations from the visual ratio in healthy individuals [32]. Table 2 describes the
results of the frequency analysis based on the Fast Fourier Transform (FFT) in the mCTSIB. The FFT is an
algorithm that accelerates the discrete Fourier transform by converting time-domain functions into
frequency-domain functions by decomposing discrete signals into a sum of trigonometric functions [33].
This method is often used to analyze the power spectra in stabilometry. On initial assessment, in conditions
with eyes open with and without foam rubber, an increase in high-frequency oscillations (1.0-5.0 Hz) was
observed in both the anteroposterior (AP) and medio-lateral (ML) directions. Under conditions with eyes
closed with and without foam rubber, there was an increase in both high-frequency (1.0-5.0 Hz) and low-to-
mid-frequency components (0.1-0.5 Hz) in both directions. Furthermore, the power across all frequency
bands in both the AP and ML directions significantly exceeded the average values of age-matched healthy
controls reported in previous studies [34] when tested under eyes-closed conditions. An increase in low-to-
mid-frequency components (0.1-0.5 Hz) indicates vestibular dysfunction [34]. In patients with unilateral
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peripheral vestibular impairments, an increase in the power of low-to-mid-frequency (0.1-0.5 Hz)
components is observed in both the AP and ML directions under eyes-closed conditions with and without
foam rubber [35]. However, an increase in high-frequency components (1.0-5.0 Hz) may suggest a
breakdown of the intermittent postural control model and adaptation to a continuous postural control
model [36,37]. Similarly, in this patient, a trend consistent with these findings was observed, particularly
under eyes-closed conditions, suggesting that the patient may have employed an abnormal postural control
strategy due to unilateral vestibular impairment (Table 2).

　Parameters Initial assessment Second assessment Final assessment

Root mean square (cm)

EO without foam rubber 1.78 1.20 1.17

EO with foam rubber 1.99 1.47 1.41

EC without foam rubber 4.08 2.18 3.67

EC with foam rubber 5.53 3.46 3.42

Velocity (cm/s)

EO without foam rubber 7.32 4.49 3.99

EO with foam rubber 6.72 6.30 5.76

EC without foam rubber 14.15 9.44 17.62

EC with foam rubber 17.66 13.47 13.40

Romberg’s ratio
Without foam rubber 1.93 2.10 4.41

 With foam rubber 2.63 2.14 2.33

Ratio of sensory (%)

Visual 62.94 56.45 36.22

Somatosensory 21.62 30.90 57.54

Vestibular 15.44 12.65 6.25

TABLE 1: Progress of results of the stabiliometer test
EO: eyes open; EC: eyes closed
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　Parameters

AP ML

Initial
assessment

Second
assessment

 Final
assessment

Initial
assessment

Second
assessment

Final
assessment

Total power of LF
components (cm)

EO without foam
rubber

0.40 0.16 0.21 0.38 0.07 0.39

EO with foam
rubber

0.60 0.13 0.29 0.57 0.40 0.29

EC without foam
rubber

0.76 0.40 1.01 0.76 1.06 1.87

EC with foam
rubber

1.02 0.65 0.76 2.24 0.60 1.21

Total power of L-MF
components (cm)

EO without foam
rubber

2.02 0.66 1.43 2.87 1.02 2.20

EO with foam
rubber

3.00 1.64 1.91 3.51 2.82 1.83

EC without foam
rubber

5.37 2.30 4.55 11.18 5.47 6.06

EC with foam
rubber

8.29 7.48 5.47 11.29 8.21 6.36

Total power of M-HF
components (cm)

EO without foam
rubber

3.65 2.45 1.67 4.11 2.17 2.14

EO with foam
rubber

1.98 2.34 1.92 4.60 3.17 2.82

EC without foam
rubber

4.64 3.67 6.00 3.81 3.27 7.21

EC with foam
rubber

5.90 3.97 4.12 6.21 3.90 4.60

Total power of HF
components (cm)

EO without foam
rubber

4.19 2.69 1.88 4.29 2.11 2.62

EO with foam
rubber

3.78 3.55 3.86 5.28 4.01 3.62

EC without foam
rubber

10.73 6.19 13.27 7.62 5.88 10.46

EC with foam
rubber

12.03 9.24 9.86 11.47 7.55 7.98

TABLE 2: Progress of results of the frequency analysis
AP: anterior-posterior direction; ML: medio-lateral direction; EO: eyes-open; EC: eyes-closed; LF: low frequency (0.01–0.1 Hz); L-MF: low-mid-frequency
(0.1–0.5 Hz); M-HF: mid-high-frequency (0.5–1.0 Hz); HF: high frequency (0.1–5.0 Hz)

 

Grading of lateropulsion (GoL) was classified as grade III, indicating that the patient fell and required
assistance to maintain posture when standing with the eyes closed. Contralesional body and head tilts were
observed while standing and walking; however, no skew deviation or ocular movement disorders were noted.
Because measuring ocular torsion requires special equipment, it is difficult to perform this assessment. The
patient’s tilt direction was opposite to that of patients with Wallenberg syndrome, who often presented with
a tilt toward the ipsilesional side [38].

Additional findings included a Mini-Mental State Examination (MMSE) score of 30/30 points, with no
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significant impairment in higher cognitive function. The Fugl-Meyer Assessment (FMA) scores were perfect:
34/34 points for lower extremity motor function and 24/24 points for sensory function. The Trunk
Impairment Scale (TIS) also showed a maximum score of 23/23, indicating no motor paralysis, sensory
deficits, or trunk function impairment. The Scale for the Assessment and Rating of Ataxia (SARA) resulted in
a score of six, with four points for gait and two points for stance, indicating no upper or lower limb ataxia.
The trunk ataxia assessment was at stage II, suggesting mild trunk ataxia. Ataxic gait characteristics, such as
reduced walking speed and instability in multiple directions, have been reported [39]. However, the patient
showed no reduction in walking speed. Although lateral instability to the right was observed, no AP
instability was observed. Thus, trunk ataxia alone cannot fully account for the instability observed in the
patient. Cerebellar vertigo in the patient was primarily attributed to the disinhibition of the vestibular nuclei
on the damaged side caused by damage to the inhibitory fibers from the unilateral flocculonodular lobe to
the corresponding vestibular nuclei [20], as suggested by the lesion site, episodes of instability, vestibular
function tests, and stabilometry assessments.

This case report was published after obtaining written informed consent from the patient following a
thorough explanation of the treatment methods and confidentiality protection, both verbally and in writing.
Additionally, the guidelines of the Consensus-based Advisory Report Explanation statement were referenced
in this case report [40].

Intervention protocol
Previous studies have reported that VR, including habituation exercises, improves balance function and
walking ability and alleviates vertigo in patients with stroke, including those with cerebellar lesions [16,41].
As previously mentioned, VR involves adaptation, substitution, and habituation. Adaptation results from
tissue remodeling due to the upregulation of genes and proteins in response to specific sensory information,
whereas habituation is achieved by reducing the excitability of postsynaptic potentials through the
inhibition of presynaptic calcium channels [42]. Substitution refers to the central plasticity that occurs
through neural activity induced by sensory conflicts [43]. Considering the mechanism of cerebellar vertigo
and these reports, VR, particularly through habituation exercises, may contribute to reducing the
excitability of postsynaptic potentials and correcting activity in the vestibular nuclei, thus potentially
improving vestibular function in the patient. Therefore, VR was implemented to enhance balance function
and walking ability and to reduce vertigo. Figure 3 illustrates the VR sessions implemented at various stages
for the patient. The VR program, aimed at improving vestibular and balance function, consisted of VOR and
habituation exercises, which were started at the time of the initial assessment.

FIGURE 3: Progress of vestibular rehabilitation
This figure illustrates the changes in difficulty level during vestibular rehabilitation over time. 'X' represents the day
the patient experienced a stroke and was transported to the acute hospital. To prevent learning effects, attempts
were made to modify the difficulty of tasks as time progressed and as balance function improved. The difficulty
was adjusted by changing posture (sitting, standing, standing on foam rubber) and increasing the speed of head
movements.

VOR: vestibulo-ocular reflex

VOR cancellation exercises (Figure 4) are used in VR to induce adaptation for the rehabilitation of central
vestibular dysfunction. These exercises enhance the control mechanisms of the cerebellum and cerebral
cortex over the vestibular nuclei [44]. This program involved simultaneously rotating the head, trunk, and
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upper limbs while fixating on the tip of the thumb. The VR sessions began with the patient in the seated
position. The patient’s self-perceived vertigo and instability were monitored, and once these symptoms
subsided, the difficulty progressively increased to standing and then to standing on foam. The rotational
speed was set to the maximum level that the patient could tolerate without inducing vertigo during the
exercise. The exercises were performed for two minutes per set, totaling 10 minutes over five sets, with
appropriate rest intervals in between. Vertigo induced after VOR cancellation was rated between one and
three on the NRS and subsided within approximately one minute.

FIGURE 4: VOR cancellation exercises
A: Starting position of the VOR cancellation exercises with passive movement; B: Left rotation of the VOR
cancellation exercises with passive movement; C: Right rotation of the VOR cancellation exercises with passive
movement; D: Starting position of the VOR cancellation exercises with active movement; E: Left rotation of the
VOR cancellation exercises with active movement; F: Right rotation of the VOR cancellation exercises with active
movement

Throughout the exercises, the patient maintains fixation on his thumb while performing head and trunk
movements. The difficulty level can be adjusted by changing postures (sitting, standing, standing on foam rubber)
and varying the speed of the head movements.

VOR: vestibulo-ocular reflex

Habituation exercises, which also serve as balance exercises, were performed while standing or walking and
included head rotations, lateral flexions, and AP bends, which provoked vertigo and instability. No fixed
gaze on the target was maintained during head movements. For standing, exercises commenced with eyes-
open conditions without foam, progressing to more difficult conditions such as eyes open with foam and eyes
closed with and without foam, as the subjective feeling of instability subsided. Walking exercises included
not only head movements but also direction changes that frequently caused instability and vertigo in the
patient. Additionally, in response to the patient’s reports of vertigo when seeing swirling water in the toilet,
VR under visual motion stimulation was conducted using virtual reality goggles (ELECOM, VRG-D02PBK;
ELECOM Co., Ltd., Osaka, Japan) attached to a smartphone. The SVV application (Kuroda ENT Clinic,
Yatsushiro, Japan) was used to randomly set the speed within a range of 15-45°/s. Standing exercises were
performed for either 12 or 24 minutes, incorporating two sets of each head movement direction with breaks
as needed, matching the typical rehabilitation session duration. Visual motion stimuli and walking exercises
were performed for 10-20 minutes per regular rehabilitation session. These VR sessions were conducted for
40-50 minutes per day, five days a week, with physician approval. In addition to VR, occupational therapy
(ADL and fine motor skills exercises) and speech-language therapy (oral function and craniofacial muscle
exercises) were performed for approximately 40-80 minutes per day, seven days a week.

Assessments and analysis
Assessments were conducted at the time of admission to our hospital and again at 14 and 28 days post-
admission.
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The vestibular function tests included the SVV, VOR cancellation test, nystagmus, recent episodes of vertigo
within the last week and their contexts, and self-reported intensity of vertigo using an NRS ranging from 0
(none) to 10 (very strong). The SVV was performed using virtual reality goggles (ELECOM, VRG-D02PBK)
equipped with a smartphone, a specific remote control (ELECOM, JC-XR05BK, ELECOM Co., Ltd.), and a
neck brace (Dr. MED, DR-127, Duk-In Co., Ltd., Seoul, South Korea). The patient performed the test in a
seated position, wearing a neck brace and virtual reality goggles, and operated the SVV application (Kuroda
ENT Clinic) downloaded to the smartphone via remote control. Each measurement was randomly conducted
on the left and right sides 10 times, with the starting angles randomly set between ± 30° and ± 70°. The mean
and standard deviation of the 10 trials were recorded. Clockwise tilts were recorded as positive (+), and
counterclockwise tilts were recorded as negative (-). For the VOR cancellation test (Figure 4), the examiner
passively rotated the patient’s head, trunk, and upper limbs while instructing the patient verbally to keep his
gaze fixed on the tip of his thumb. The patient’s eye movements during and immediately after rotation were
observed to determine whether there was a delayed saccade toward the thumb, indicating difficulty with the
VOR cancellation test. A nystagmus test was performed because the patient did not exhibit spontaneous
nystagmus; hence, head-shaking and gaze-evoked nystagmus were assessed. Head-shaking nystagmus was
performed in a dark room in a seated position, rotating the patient’s head approximately 10° at
approximately 2.8 Hz horizontally for 15 seconds with eyes closed and then observing any nystagmus upon
opening the eyes [21]. Gaze-evoked nystagmus was assessed under similar conditions by having the patient’s
gaze at a target positioned approximately 40° to either side for approximately 10 seconds [45].

Balance function was assessed using the GoL [38] and mCTSIB. The mCTSIB was evaluated using a force
plate (BW-6000; sampling frequency, 100 Hz, Anima Technologies Pvt. Ltd., Bengaluru, India) and a specific
foam rubber (natural rubber; tensile strength, 2.1 kgf/cm²; density, 0.06 g/cm²; thickness, 3.5 cm, Anima
Technologies Pvt. Ltd.,). The measurement posture was in a quiet standing position with the heels touching
and toes out at 30° [31]. The mCTSIB involved four conditions, as already mentioned, each performed once
for 30 s, and the CoP was measured. Subsequent analyses were used to calculate the root mean square (RMS)
and velocity for each condition. Although previous studies recommended three trials per condition [46], only
one trial per condition was conducted owing to time constraints within routine clinical settings and
participant fatigue. A single trial in patients with stroke has been reported to exhibit high reliability and
validity [47]. Additionally, as previously described, the visual, somatosensory, and vestibular sensory ratios
were calculated while the patient was standing, using the total path length from the mCTSIB. The sensory
scores of visual, somatosensory, and vestibular were calculated. Visual score (Vis) was calculated according
to the following formula [32]: LX eyes-open/LX eyes-open with foam rubber. Somatosensory score (SOM)
was determined according to the following formula [32]: LX eyes-open/LX eyes-closed. Vestibular score (Ves)
was calculated according to the following formula [32]: LX eyes-open/LX eyes-closed with foam rubber.
Here, LX represents the total path length from the mCTSIB. 

Subsequently, these sensory scores were converted into percentages as the sensory ratios. The ratio of visual
was calculated by the following formula [32]: Vis/(SOM + Vis + Ves) × 100. Similarly, the ratio of
somatosensory was determined by the following formula [32]: SOM/(SOM + Vis + Ves) × 100. The ratio of
vestibular was also calculated by the following formula [32]: Ves/(SOM + Vis + Ves) × 100. Furthermore,
frequency analysis using FFT was performed, and the power in low-frequency (0.01-0.1 Hz), low-to-mid-
frequency (0.1-0.5 Hz), mid-to-high-frequency (0.5-1.0 Hz), and high-frequency (1.0-5.0 Hz) components
was calculated for each condition in both the AP and ML directions.

Walking assessments included 10-m walking speed, TUG, functional ambulation category (FAC), and Mini-
BESTest. Both the 10-m walking speed and TUG reflect walking ability and dynamic balance in patients with
stroke, with high reliability and validity [48,49]. The Mini-BESTest, consisting of 14 items with a total of 28
points, indicates a higher balance function with higher scores and better reflects dynamic balance with less
ceiling effect and higher reliability and validity than the BBS [50,51]. These walking tests are recommended
as core outcome sets for patients with stroke [52]. The functional independence measure (FIM) was used to
evaluate ADL independence, and the NRS was used to assess patient-reported outcomes related to
instability during ADL, including difficulty and frequency of unassisted standing, walking, and turning.
Follow-up assessments were conducted 56 days after admission (28 days post-discharge) to evaluate fall
history and the Life-Space Assessment (LSA), a self-reported measure quantifying the range of life activities,
with a maximum score of 120 indicating a higher range of activity [53]. All the assessments were performed
by a single physical therapist. 

Results
Tables 1-3 present the assessment results at each time point. The SVV changed from 4.0 ± 1.2° at the initial
assessment to -0.1 ± 1.8° at the final assessment, and improvements were noted in the VOR cancellation
test. The GoL score changed from grade III at the initial assessment to grade I at the final assessment,
indicating the resolution of falls while standing with the eyes closed. However, rotational vertigo was
observed throughout the VR period, and the self-perceived intensity of vertigo remained at three to five on
the NRS. No changes were noted in head-shaking nystagmus or gaze-evoked nystagmus.
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　Parameters Initial assessment Second assessment Final assessment

Days after onset (days) 7 21 35

SVV (mean ± SD°) 4.0 ± 1.2 0.3 ± 1.3 -0.1 ± 1.8

HIT Normal Normal Normal

VOR cancellation test Abnormal Abnormal Abnormal

NRS of vertigo (points) 5 5 5

Head-shaking nystagmus Left-beat nystagmus Left-beat nystagmus Left-beat nystagmus

Gaze-evoked nystagmus Left-gaze nystagmus Left-gaze nystagmus Left-gaze nystagmus

Head tilt (direction) Right Right Right

GoL Grade III Grade I Grade I

Mini-BESTest (points) 3 25 26

10-m walking speed (m/s) 1.09 1.12 1.47

TUG (s) 9.92 7.47 7.32

FAC 2 3 5

FIM (points) 87 101 121

NRS of instability in ADL (points) 7 3 2

SARA (points) 6 2 2

TABLE 3: Comparison outcomes between each assessment points
SVV: subjective visual vertical; HIT: head impulse test; VOR cancellation test: vestibulo-ocular reflex cancellation test; NRS: numeric rating scale; GoL:
grading of lateropulsion; Mini-BESTest: Mini Balance Evaluation Systems Test; TUG: timed up and go test; FAC: functional ambulation category; ADL:
activities of daily living; FIM: Functional Independence Measure; SARA: Scale for the Assessment and Rating of Ataxia

In the mCTSIB, most parameters decreased in the eyes-closed condition with foam rubber (Table 1). Table 2
presents the results of frequency analysis at each time point. At the final assessment, a decrease in high-
frequency components was noted, particularly in the eyes-open condition with and without foam rubber and
the eyes-closed condition with foam rubber, compared with the initial assessment. Furthermore, in eyes
closed with and without foam rubber, a notable decrease in the low-to-mid-frequency components was
observed. In the ML direction, a decrease in low-to-mid-frequency components was noted in the eyes-open
condition with and without foam rubber conditions at the final assessment. In the eyes-closed condition
with and without foam rubber conditions, a decrease in low-to-mid-frequency components was observed,
and in the eyes-closed condition with foam rubber, reductions in both the low- and high-frequency
components were noted. Additionally, the initial weighting ratios of the visual, somatosensory, and
vestibular contributions were 62.9%, 21.6%, and 15.5%, respectively; however, at the final assessment, they
changed to 36.2%, 57.5%, and 6.3%, respectively, falling within ± 2 standard deviations of the normal range
for healthy individuals [32].

Between the initial assessment and the final assessment, the 10-m walking speed improved from 1.09 m/s to
1.47 m/s, the TUG score improved from 9.92 s to 7.32 s, and FAC improved from 3 to 5. Additionally, the
tendency to fall to the right during walking resolved, and no assistance was required, including during
directional changes. The Mini-BESTest score improved from 3/28 points at the initial assessment to 26/28
points at the final assessment. In the Mini-BESTest, the score for the single-leg stance and standing on foam
was 1 point at the final assessment. The FIM score improved from 87/126 at initial assessment to 121/126 at
final assessment. Additionally, the NRS score for instability in daily living improved from seven to two
points at the final assessment. No falls were reported during the follow-up assessment, and the LSA score
was 75/120 points. No adverse events or significant worsening of symptoms were observed during the VR
implementation period or after rehabilitation.

Discussion
The patient had no motor paralysis or sensory function decline, and motor ataxia was mild. Therefore, it was
assumed that these factors had little effect on instability during walking. Lesions and instability, along with
vestibular function and stabilometric tests, suggested that disinhibition of the unilateral vestibular nuclei
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and excessive reliance on visual inputs affected the patient’s instability and rotational vertigo during
movement. Previous studies have reported that VR, including habituation exercises, improves balance
function and walking ability and alleviates vertigo in patients with stroke, including those with cerebellar
lesions [16, 41]. Considering the mechanism of cerebellar vertigo, VR, particularly focusing on habituation
exercises, could contribute to reducing the excitability of postsynaptic potentials and correcting activity in
the vestibular nuclei, potentially improving vestibular function. Thus, VR was implemented to enhance
balance function and walking ability and alleviate vertigo in the patient.

VR is a rehabilitation approach aimed at improving the vestibular and balance functions using three
mechanisms: adaptation, habituation, and substitution. In the patient in this case report, guided by
recommendations in the guidelines [54], VOR cancellation and habituation exercises specifically targeted
adaptation and habituation, which are considered effective in improving cerebellar vertigo. Approximately
30 days of VR led to improvements in static and dynamic balance, walking speed, and ADL-related
instability. Furthermore, within approximately 14 days, the patient achieved a change of >3 points on the
Mini-BESTest at each evaluation, which is the minimal important change (MIC) [55]. The patient also
experienced improvements in walking speed, TUG, and FIM. A previous study has shown that patients with
infratentorial stroke, including cerebellar infarcts, conducted combined balance training incorporating VR
exercises, such as GSE and VOR cancellation, daily for 20~30 minutes for more than 42 days [41]. Significant
improvements in balance and walking ability were observed, with improvements exceeding the MIC for the
BBS [41]. Although the patient aligned with the age and VR initiation period of the participants in Balci et
al.’s study [41], previous studies have not specifically examined patients with cerebellar infarction. This case
report suggests that VR during the subacute phase can contribute to improvements in the balance and
walking ability of patients with cerebellar stroke. 

Two potential mechanisms can be considered for the improvement in balance function observed in the
patient through VR. The first possibility is the correction of asymmetry in the vestibular function. Previous
studies have reported that improvements in lower limb motor paralysis [56], sensation [57], trunk function
[58], and cognitive function [59] are associated with enhanced independence in ADL and balance function.
However, in the patient, no changes were observed in these functions, but improvements in ADL
independence and balance were noted, along with improvements in the VOR cancellation test and SVV. As
mentioned earlier, cerebellar vestibular disorders primarily involve disinhibition of the vestibular nuclei on
the ipsilateral side due to injury to the inhibitory fibers from the ipsilateral flocculonodular lobe [20].
Moreover, habituation reduces synaptic post-potential excitability by inhibiting presynaptic calcium
channels [42]. Furthermore, VOR cancellation exercises promote control mechanisms in the vestibular
nuclei via the cerebellum and cerebral cortex [44]. Thus, VR focused on habituation exercises, and VOR
cancellation exercises might have corrected the imbalance in excitability between the bilateral vestibular
nuclei by suppressing excessive excitability on one side, contributing to an improvement in balance
function.

The second possibility is that, rather than an improvement in vestibular function, sensory re-weighting in
postural control contributed to an improvement in balance function. Sensory re-weighting is the process by
which the brain changes the reliance on sensory input during postural control and movement based on the
environment and its own capabilities [60]. Although improvements were observed in SVV, the VOR
cancellation test, and balance function, no changes in vertigo or nystagmus were noted. Additionally, at the
initial assessment, a visually dominant postural control strategy was evident. However, at the final
evaluation, it shifted to a somatosensory-dominant strategy. Excessive reliance on visual inputs in patients
with vestibular impairments is associated with increased fall risk and decreased balance function [61].
Internal models of the head and body, such as the SVV, are modulated by somatosensory inputs from the
neck, lower limbs, and trunk, and reflect vestibular compensation [62, 63]. Therefore, sensory reweighting in
postural control contributes to the improvement of balance function in the patient. Although it is
challenging to support these hypotheses conclusively, this is the first case report documenting the course of
VR in a patient with cerebellar infarction-induced vestibular dysfunction and proposing a new rehabilitation
strategy for balance dysfunction caused by cerebellar infarction.

No changes were observed in the self-perceived intensity of vertigo or nystagmus throughout the VR
implementation. This indicates that the mechanisms of vestibular function involved in vertigo and balance
are distinct. The intensity of self-perceived vertigo, which directly reflects the asymmetry of the vestibular
function similar to head-shaking nystagmus, followed a similar pattern, and comparable results were
observed in the patient. Moreover, balance function involves not only vestibular function but also visual and
somatosensory inputs that are weighted according to environmental factors and individual capacities to
form appropriate sensory responses [64]. In addition, in patients with unilateral peripheral vestibular
impairments, there is a low correlation between the intensity of self-perceived vertigo and balance function
[65, 66]. Considering these aspects, vertigo is largely a direct reflection of vestibular involvement, whereas
balance function reflects not only vestibular function but also the weighting of other sensory inputs.
Therefore, in the patient in this case report, the correction of excitability between the left and right
vestibular nuclei may have been insufficient, which explains why no changes were observed in the self-
perceived intensity of vertigo and nystagmus. However, sensory reweighting compensated for this vestibular
excitability insufficiency, suggesting an improvement in balance function. The combination of VR with
repetitive transcranial magnetic stimulation in patients with chronic vertigo results in significant
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improvements compared with VR alone [67]. The potential benefits of combining these neuromodulation
devices should be promptly explored. However, notably, in this report, the mCTSIB was limited to measuring
the CoP using a force plate, making it difficult to conclusively determine the effects on balance and
vestibular functions under each condition.

This study has some limitations. First, this was a single-case study; thus, we cannot rule out the possibility
of spontaneous remission or the effects of other rehabilitation interventions. In addition, unlike a single-
case design, no baseline period was adopted, and the effects of VR were not compared with those of
conventional rehabilitation. Therefore, future studies should use single-case designs or conduct large-scale
studies to compare the effects of conventional rehabilitation. Second, the vestibular function tests in this
report included the SVV and HIT, which is a screening test for the VOR and VOR cancellation. However, the
HIT is insufficiently sensitive to detect mild vestibular impairment [29]. Moreover, these evaluations were
conducted by a single assessor, and measurement bias, particularly in subjective assessments, such as HIT
and VOR cancellation by physical therapists, should be considered. In particular, the technique and
interpretation of the results of VOR cancellation and HIT may be inadequate if the evaluator has limited
experience [68, 69]. Moreover, HIT and VOR cancellation are not commonly performed by physical
therapists. In this study, notably, the quality of VR was ensured as the physical therapist who conducted the
VR was a single practitioner who had received adequate training from experts. Third, evaluating postural
control and its changes solely based on the CoP measured using a stabilometer is challenging. Fourth, the
Dizziness Handicap Inventory (DHI) could not be implemented for the patient as a self-reported outcome
measure for dizziness or vertigo because it contains questions that are not applicable to hospitalized
patients. DHI provides a more sensitive and detailed assessment of subjective dizziness or vertigo [70].
Future studies should involve the quantification of VOR and VOR cancellation using video HIT, vestibular
evoked myogenic potentials, accelerometers to measure trunk and head motion indices, DHI, and
electromyography to assess vestibular function and postural control more sensitively and from multiple
perspectives.

Conclusions
Despite these limitations, this case report suggests that VR may be beneficial for improving balance
functions in patients with balance impairment and rotational vertigo due to left cerebellar infarction.
Furthermore, improvements were noted in patient-reported outcomes related to instability in ADLs, and a
reduction in subjective difficulty experienced in ADLs was observed. However, no changes were observed in
the intensity of self-perceived vertigo or nystagmus, and careful consideration is required regarding the
effectiveness for these symptoms. Future investigations are required to explore the effects of VR on lesions
in the vestibular regions, including the cerebellum, considering the timing of the intervention, suitable
cases, and appropriate frequency of sessions in greater detail.
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