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Environmental factors that affect the Fukuda
stepping test in normal participants
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Abstract

Background: The Fukuda stepping test is commonly used to assess peripheral vestibular function. It has, however,
been suggested that its maximal sensitivity and specificity are 70 per cent and 50 per cent, respectively. This study
was undertaken to evaluate environmental factors that may influence the reliability of this assessment and hence to

‘sharpen’ its use in a clinical setting.

Methods: Forty-four participants aged between 20 and 43 years were asked to perform the Fukuda stepping test in
both a standard clinic room and a soundproofed room under the following conditions in a randomised order: on the
floor versus on foam; with and without a sound-localising source; and with and without ear defenders.

Results: Significant differences in the extent of rotation were found when comparing the results obtained in
several settings, including standing on the floor in a standard room versus a soundproofed room (p = 0.036),
and standing on foam in a standard room versus a soundproofed room (p = 0.015).

Conclusion: Our results suggest that certain alterations to the test environment may improve the sensitivity of this

clinical examination.
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Introduction
Normal balance function relies on sensory information
from the visual, auditory, peripheral vestibular and som-
atosensory systems.' This sensory information is inte-
grated and interpreted within the central nervous system
to maintain gaze and postural control, and provide infor-
mation on self and environmental movement.” Central
interpretation requires comparing relayed sensory infor-
mation with preformed templates within the central
nervous system. The absence of a suitable template, or
a mismatch between the template and sensory informa-
tion, results in dizziness, vertigo or unsteadiness.
Assessment of the dizzy patient requires taking a
thorough medical history and performing a clinical
examination. The Fukuda (or Unterberger) stepping
test is commonly performed as part of a full neuro-oto-
logical battery.® They both require patients to march on
the spot with their eyes closed. Significant rotation or
translation is deemed to signify underlying peripheral
vestibular hypofunction.* However, previous studies
have suggested a maximal sensitivity and specificity
of 70 percent and 50 percent, respectively, in a standard
clinical se‘cting.5

This study therefore aimed to assess possible environ-
mental factors that may influence the reliability of the
Fukuda stepping test and to explore methods to improve
the sensitivity of (or ‘sharpen’) this clinical test.

Materials and methods

Normal healthy individuals under the age of 45 years
and free of musculoskeletal, neurological or visual
pathology were invited to participate in this study.
Those with current symptoms or a history of dizziness
or vertigo were excluded. All participants underwent
pure tone audiography to confirm bilateral hearing
thresholds of less than 20 dB HL at 0.25, 0.5, 1, 2, 4
and 8 kHz. Informed verbal consent was obtained
from all participants.

Each participant was asked to march on the spot with
their eyes closed and arms outstretched. After 50 steps,
the extent of their rotation and displacement was
recorded and participants returned to their starting
point (see Figure 1). Each participant was tested in
both a standard clinic room and a soundproofed
anechoic room under the following randomised condi-
tions: standing on the floor, standing on foam, with or
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The Fukuda stepping test was performed and extent of rotation and

displacement calculated using a plumb-line held at the subject’s fin-

gertips, a rule and protractor. A = the amount of forward displace-

ment; B =the amount of lateral displacement; C = the total

amount of displacement; ® = the final amount of rotation from
the original direction faced

without industrial ear defenders, and in the presence or
absence of a sound-localising source (the ‘Mobile
Metronome’ smartphone application set to 120 beats
per minute and placed at the 0° azimuth).

Data was entered into an Excel™ spreadsheet, and
environments and conditions were compared using a
paired #-test. A p-value of less than 0.05 was taken to
indicate statistical significance.

Results

Forty-four patients with a mean age of 26.0 years (range
20—43 years) were eligible for inclusion in this study (22
males and 22 females). Comparisons of the effects of dif-
ferent environmental variables are shown in Tables I and
11 (p-values), with standard deviations shown in Table I11.

Rotation

In a standard room, participants provided with a metro-
nome showed a significant reduction in rotation compared
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with those without (p = 0.012). In a soundproofed room,
participants standing on foam and provided with a metro-
nome showed a significant reduction in rotation compared
with those without (p = 0.016).

When both rooms were compared, there was a
general trend towards increased rotation in the sound-
proofed room under all test conditions. Significant dif-
ferences in the degree of rotation of participants were
observed under the following conditions: a standard
room on the floor versus a soundproofed room on the
floor (p =0.036); a standard room on the floor
versus a soundproofed room on foam (p = 0.015); a
standard room on the floor with a metronome versus
a soundproofed room on the floor with a metronome
(p = 0.005); and a standard room on foam with ear
defenders versus a soundproofed room on foam with
ear defenders (p = 0.028) (Table II).

Displacement

Displacement, i.e. the distance moved by participants
from their starting point, was less consistently influ-
enced by environment and by the conditions applied
during testing. For participants standing on the floor
in the standard room, there was significantly less rota-
tion for those with ear defenders compared with those
without (p = 0.022), and for those with a metronome
compared with those without (p = 0.027). For partici-
pants standing on foam in the soundproofed room,
there was significantly less rotation for those with a
metronome compared with those without (p = 0.019).

A comparison of the effects of different rooms on the
rotation of participants standing on foam with ear
defenders revealed significantly less rotation for those
in the soundproofed room (p = 0.003; Table II).

Discussion

Assessment and subsequent treatment of the dizzy
patient requires a full clinical evaluation supported,
where necessary, by audiovestibular testing and
imaging.® The Fukuda stepping test forms part of the
formal clinical assessment, with rotation in a particular
direction suggesting a peripheral vestibular deficit on
the ipsilateral side.* No single clinical test should be

TABLE I

COMPARISONS OF THE EFFECTS OF VARYING CONDITIONS ON ROTATION AND DISPLACEMENT IN
STANDARD AND ANECHOIC ROOMS

Condition

Rotation* Displacement*

Standard room

Anechoic room  Standard room  Anechoic room

On the floor vs on foam

On the floor vs on the floor with ear defenders

On the floor vs on the floor with metronome

On foam vs on foam with ear defenders

On foam vs on foam with a metronome

On the floor with ear defenders vs on foam with ear defenders
On the floor with a metronome vs on foam with a metronome
On the floor vs on foam with a metronome

0.130 0.330 0.199 0.197
0.417 0.157 0.0227 0.396
0.0127 0.195 0.027" 0.177
0.302 0.207 0.112 0.339
0.254 0.016" 0.462 0.0197
0.420 0.276 0.391 0.122
0.050" 0.240 0.229 0.445
0.400 0.099 0.193 0.164

*p-values; Tp > 0.05.
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TABLE II

COMPARISON OF THE EXTENT OF ROTATION IN
STANDARD AND ANECHOIC ROOMS*

Condition Rotation Displacement

Standard room, on the floor vs 0.036" 0.460
soundproofed room, on the floor

Standard room, on the floor vs 0.015" 0.206
soundproofed room, on foam

Standard room, on foam vs 0.006" 0.311
soundproofed room, on the floor

Standard room, on foam vs 0.002" 0.066
soundproofed room, on foam

Standard room, no foam, with ear 0.155 0.082

defenders vs soundproofed room,
no foam, with ear defenders
Standard room, no foam, with a 0.005" 0.394
metronome vs soundproofed room,
no foam, with a metronome
Standard room, on foam, with ear
defenders vs soundproofed room,
on foam, with ear defenders
Standard room, on foam, with a 0.247 0.298
metronome vs soundproofed room,
on foam, with a metronome

0.028" 0.003"

*p-values; 'p > 0.05.

taken in isolation, but should instead be performed
in conjunction with appropriate additional tests.
However, the Fukuda stepping test is commonly per-
formed alone; it is anecdotally reported to be the only
test of peripheral vestibular function known to
primary care physicians.

Previous studies have suggested that postural control
and sway may be influenced by a variety of factors
including tactile sensations, mental tasks and, more
recently, auditory information."®” Our study supports
the concept that auditory cues influence spatial aware-
ness and hence influence the extent of rotation
observed during this clinical test. The extent of both
rotation and displacement was greater in a sound-
proofed room compared with in a standard room, but
was significantly lower when participants were con-
comitantly exposed to a sound-localising source (in
this study, a metronome).

The results of this study have a number of clinical
implications. The first is the need for standardisation
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of the Fukuda stepping test. This should include the
use of an environment devoid of auditory cues which
may act as a sound-localising source. In clinical prac-
tice, this may require removing a clock, fan or tele-
phone, and performing this test in silence. Our results
also suggest that variations in the extent of rotation
were greater in a soundproofed room than in a standard
clinic room, and also on foam rather than on the floor.
Hence, these conditions deserve further investigation
as they may be used to ‘sharpen’ the test and hence
‘unmask’ a peripheral vestibular deficit. Additional
studies are required to validate these environmental
effects and generate appropriate normal values for rota-
tion. Moreover, our literature review suggests a need
for standardising the Fukuda stepping test regarding
the number of steps performed. This has varied in pre-
vious reports, and is occasionally substituted by a time
interval (e.g. 30 seconds).® '°

A valid criticism of this study is the small number of
individuals recruited. We hope to recruit a larger cohort
of normal participants in the future to strengthen the
normative values generated. This may establish a valu-
able normal range and provide a threshold value of
rotation to suggest the presence of a peripheral vestibu-
lar deficit. Another limitation is that the participants did
not undergo formal vestibular testing, although they
were carefully screened and those with a history of diz-
ziness or vertigo were excluded. A further limitation
was the exclusion of patients with a documented per-
ipheral vestibular deficit; further research is needed to
investigate the effects of modifying the Fukuda step-
ping test for these patients.

The method used to accurately record the extent of
participant rotation during this study proved to be
time-consuming, but paralleled those of previous
studies.®!! This method is, however, seldom used clin-
ically. A recent unpublished study performed in our
department suggests considerable inter-observer vari-
ation when the extent of rotation is only estimated
(not measured), which may affect the reliability of the
test.'” We recently explored this possibility by develop-
ing a smartphone application (‘D + R Balance’) that
records both the extent of rotation and sway.

TABLE III

TWO STANDARD DEVIATIONS FOR ROTATION AND DISPLACEMENT

Room type Standing Conditions Rotation (°) Displacement (cm)
Standard On foam Standard conditions 17.99 87.62
Ear defenders 18.39 91.79
Metronome 22.05 95.54
On the floor Standard conditions 17.29 86.76
Ear defenders 19.08 90.44
Metronome 12.86 77.94
Soundproofed On foam Standard conditions 28.85 88.70
Ear defenders 27.24 95.45
Metronome 25.40 83.02
On the floor Standard conditions 29.40 76.99
Ear defenders 25.07 82.46
Metronome 25.84 71.78
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e The Fukuda stepping test is commonly used to
assess peripheral vestibular function

e Its maximal sensitivity and specificity are 70
per cent and S0 per cent, respectively

e Measuring both rotation and displacement
may be clinically useful

e The test may be ‘sharpened’ by marching on
foam or in a soundproofed room

The direction of rotation was not recorded because
our cohort consisted of normal healthy individuals.
Although one might expect a patient with a peripheral
vestibular deficit to rotate towards the side of loss, this
is not always the case; previous studies have suggested
the specificity of this test to be in the region of 50
per cent.”'> Additional research into assessing patients
by exploring the environmental variables described in
this study is required. These variables may also influ-
ence the direction of rotation, although this may be
influenced by a number of factors. Some previous
studies have suggested a link between the direction of
rotation and the handedness of participants, with parti-
cipants rotating in the opposite direction to that of their
dominant hand or foot. However, other studies found
no conclusive link between handedness and the direc-
tion of rotation in the Fukuda stepping test.'*

Conclusion

This study suggests that a variety of factors influence
the degree of rotation seen in Fukuda stepping testing
in normal participants, and that measuring both rotation
and displacement may be clinically useful, as both are
similarly affected by alterations to Fukuda stepping test
conditions.

The test may be ‘sharpened’ by marching on foam or
by being performed in a soundproofed room. The pres-
ence of a localising environmental sound may influ-
ence the extent of rotation and hence potentially
mask an underlying unilateral peripheral vestibular
deficit. These variables may merit further evaluation
in both normal individuals and patients with peripheral
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vestibular hypofunction to assess their effect on the
sensitivity of this common clinical examination.
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