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Postural Reflexes in Conditions of Visual 
Disturbance

posturální reflexy v podmínkách zrakové poruchy

Abstract
Introduction: tests of balance are routine elements of neurological and otolaryngological 
examination. What follows is a general study of the effectiveness of balance control when 
visual-vestibular integrity is disturbed, conducted by means of ascertaining the influence of 
vertical and horizontal visual stimulation on postural reflexes as measured by craniocorpogra-
phy. Goal: the purpose of the study was to observe the effect of visual, horizontal and vertical 
optokinetic and sinusoidal stimulation on postural reflexes. Material and method: a group 
of 40 healthy subjects (20 female, 20 male) aged 18–52 with no pathological otoneurologial 
history or signs was tested. horizontal and vertical optokinetic and sinusoidal stimulation was 
administered in order to observe balance disturbances, as measured by craniocorpography 
in the course of a romberg test. Results: it was revealed that visual stimulation (optokinetic 
and sinusoidal) in the horizontal plane induced stronger postural disturbances than visual 
stimulation in the vertical plane. Both horizontal and vertical optokinetic stimulation resulted 
in high longitudinal body sway. lateral body displacement was better controlled during verti-
cal visual disturbances. the authors observed that the differences in postural reflexes were 
dependent on the direction of both horizontal and vertical visual stimulation. Balance con-
trol was better when the optokinetic incitement was directed to the left and downward. 
increased intensity of visual stimulus (target velocity) did not worsen balance.

Souhrn
Úvod: testy rovnováhy jsou běžnou součástí neurologického a otorhinolaryngologického vy-
šetření. cílem této studie bylo prozkoumat vliv vertikální a horizontální vizuální stimulace na 
posturální reflexy měřené kraniokorpografií, za účelem podrobného ověření účinnosti kon-
troly rovnováhy při narušení vizuálně-vestibulární integrity. Cíl: cílem studie bylo zjistit vliv 
vizuální, horizontální a vertikální optokinetické a sinusoidální stimulace na posturální reflexy. 
Metodologie: testována byla skupina 40 zdravých jedinců (20 žen, 20 mužů) ve věku 18–52 
bez patologické otoneurologické anamnézy nebo příznaků. Za účelem zjištění poruch rov-
nováhy měřených kraniokorpografií během rombergova testu byla aplikována horizontální 
a vertikální optokinetická a sinusoidální stimulace. Výsledky: Zjistili jsme, že vizuální stimulace 
(optokinetická a sinusodiální) v horizontální rovině vyvolaly silnější posturální poruchy než 
vizuální stimulace ve vertikální rovině. Jak horizontální, tak vertikální optokinetická stimulace 
vedla k větším longitudinálním výkyvům těla. laterální vychýlení těla bylo lépe kontrolováno 
během vertikální stimulace. autoři zjistili rozdíly v posturálních reflexech v závislosti na směru 
jak horizontální, tak vertikální vizuální stimulace. kontrola rovnováhy byla lepší, byla-li op-
tokinetická stimulace směřována doleva a dolů. Zvýšená intenzita vizuální stimulace (cílová 
velocita) rovnováhu nezhoršovala.
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Introduction
tests of balance are routine elements of 
neurological and otolaryngological exa-
mination. the romberg test and the un-
terberger-fukuda test (walking on the 
spot) are quick ways to examine the 
ability to maintain balance while stan-
ding and moving [1–3]. the romberg 
test is not considered to be very sensi-
tive – a little swaying is normal, but the 
range of body oscillations is not well- 
-defined, and comparison of the devia-
tions in position between the first and 
following examinations is difficult when 
the estimation is only approximate [1]. 
in the unterberger-fukuda test, a high 
number of inter- and intra-individual va-
riations may be noted [4]. among other 
balance assessment tools that allow dif-
ferentiation of balance deficit, craniocor-
pography, is easy and quick, both as an 
ambulatory screening examination and 
as a component of more sophisticated 
vestibular research [5–7]. adding some 
interesting parameters to routine ana-
lysis of the romberg and unterberger- 
-fukuda tests, craniocorpography is ca-
pable of measuring head stability (on the 
basis of torticollis angle) and a widened  
base of support while stepping (on the 
basis of shoulder oscillation) [8]. it can 
be also used for monitoring recovery 
and for balance training when sensory 
system integration is deliberately dis-
tracted, for example by additional visual 
stimulus [9].

it is known from Wood [10] and dich-
gans et al [11] that visual optokinetic sti-
mulation breaks up vestibulo-visual in-
tegration. the signs of travel sickness, 
without motion but after visual signal, 
were first described in 1895. similarly, 
when the pseudo-purkinje effect is pro-
voked, real postural disturbances (apart 
from vegetative symptoms) may be ob-
served. [12]. the irritation of otoliths and 
ocular motor signals following visual sti-
mulation and burst neurons in the bra-
instem are believed to change the well-
-known efference copy, contributing to 
postural instability [12–15].

the authors of this study wished to 
ascertain the influence of vertical and ho-
rizontal visual stimulation on postural re-
flexes measured by craniocorpography, in 
order generally to study the effectiveness 
of balance control when visual-vestibular 
integrity is disturbed.

the aims of the investigation 
were:
• to observe balance control in healthy 

people on the basis of craniocorpogra-
phy during a static test disturbed by vi-
sual stimulation (horizontal and vertical 
optokinetic stimulation and sinusoidal 
stimulation).

• to compare the types and intensities of 
visual deficiency that have the greater 
effects on postural control, the better to 
facilitate the process of rehabilitation.

Material and methods
a group of 40 healthy people (20 female, 
20 male) aged 18–52 with no history of 

otoneurological abnormalities was recru-
ited for testing. firstly, postural balance 
was observed in the whole group and 
measured by craniocorpography in a sta-
tic romberg test (standing erect for 60 se-
conds, with feet together and the arms 
extended straight in front) with eyes clo-
sed, and a stepping unterberger-fukuda 
test (50 steps on the spot for 60 seconds) 
with eyes closed and both arms stretched 
forward.

craniocorpography (craniocorpo-
graph, Zebris Medical gmbh, germany) 
allows the measurement of trunk and 
head oscillations and turns by means of 
movement detectors fixed on the pa-

Fig. 1. Craniocorpography: movement detectors are fixed on the patient’s 
shoulders and on the helmet.
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tient’s shoulders and on a helmet that is 
placed on the head (fig. 1).

craniocorpography during the static 
romberg’s test allows the following pa-
rameters to be evaluated: longitudinal 
body oscillations (cm), lateral body oscilla-
tions (cm), forehead area (cm2) and the 
angular deviation of the head in relation 
to the trunk (º). the unterberger-fukuda 

test was analysed during craniocorpogra-
phy on the basis of: the track that the 
subject covered from the starting point 
(the pa tient is asked to step on the spot, 
but walks ahead without being aware 
of it) (cm), lateral sway of the shoulders 
when stepping (higher values for this me-
asurement often indicate a wider base of 
support, as in cerebellar syndrome) (cm), 

angular deviation in the line of stepping 
from the start point (º), and angular devi-
ation of the body (º) (fig. 2).

after these tests, the trial group was 
divided into two equal subgroups to ob-
serve changes in postural balance when 
normal testing is disturbed by visual sti-
mulation (this part of the test appears 
to have applications in the rehabilitation 
of vertigo patients). the observations of 
these two subgroups allow us to com-
pare how a person controls balance du-
ring standing and walking when the vi-
sual receptor is completely excluded from 
postural control (first step of the study, 
described above) and when the vision 
is active, but disturbed. the subgroups 
were selected to avoid any mechanism of 
habituation should visual stimulation be 
frequently repeated [16]. to check whe-
ther the subgroups were compatible, sta-
tistical evaluation of differences between 
them was carried by means of student’s  
t-test (table 1). 

the first subgroup consisted of 20 pe-
ople (10 female, 10 male) aged 18–46 
(mean: 32.1). horizontal (to the left, then 
to the right) optokinetic and sinusoidal 
horizontal stimulations took place with 
the patient standing with the hands ex-
tended ahead and eyes open. the pa-
tient was asked to follow a moving tar-
get presented two metres in front, with 
both eyes. optokinetic and sinusoidal sti-
mulation lasted for 60 seconds at veloci-
ties of 10º/s and 20º/s for optokinetic sti-
mulation and 20º/s during the sinusoidal.

the second subgroup consisted of 
20 people (10 female, 10 male) aged 
18–52 (mean: 34.2). Balance was tested 
during the same standing test, with the 
eyes open, as in the first group, but with 
vertical rather than horizontal stimulation 
for 60 seconds, upwards then downwards 
at rates of 10º/s and 20º/s and sinusoidal 
vertical stimulation at a velocity of 20º/s. 

the data were compared by stu-
dent’s t-test; the threshold for signifi-
cance was set at <0.05.

Results
the two selected subgroups were compa-
red in order to confirm that they were sta-
tistically identical. none of the craniocor-
pographical parameters either during the 
romberg test or the unterberger-fukuda 
test were different (table 1). the results 
of cranicorpography during static rom-

Fig. 2. Craniocorpography: Unterberger-Fukuda test.
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berg test on visual stimulation – horizon-
tal and vertical – are presented in table 2. 

a comparison of the parameters deri-
ved from craniocorpography in the course 
of the various stimulations, optokinetic 
and sinusoidal, horizontal and vertical, 
was made. table 3 presents the results of 
the student’s t-test.

significant difficulties in balance con-
trol were clearly evident when horizon-
tal visual disturbance was applied. Both 
optokinetic and sinusoidal stimulation re-
sulted in postural instability. Balance con-
trol was worst in the frontal plane. la-
teral body sway was high for every type 
of disturbance: slow and fast optokine-
sis, both to the right and to the left and 
during sinusoidal impulse. longitudinal 
sway and forehead area were disturbed 

table 1. Results of Romberg test and Unterberger test in terms of cranio-
corpography for two selected groups of healthy subjects.

Craniocorpography 
parameters

First group: mean 
value/standard 

deviation

Second group: 
mean value/stan-
dard deviation 

Value of Students 
t-test (critical 
value = 0.05)

Static (Romberg‘s) test
longitidinal sway 
(cm)

7.07/2.62 6.47/3.51 0.27

lateral sway (cm) 3.83/2.55 4.82/2.75 0.12

forehead area (cm2) 24.88/23.55 34.6/38.82 0.17

torticollis angle (º) 9.76/8.45 7.76/15.2 0.32

Stepping (Unterberger‘s) test
longitudinal devia-
tion (cm)

73.74/40.17 84.66/37.83 0.19

lateral sway (cm) 39.03/58.75 36.15/74.18 0.45

angular deviation (º) 19.78/24.14 10.27/24.32 0.11

self spin (º) 49.82/52.09 36.04/50.13 0.22

table 2. Results of craniocorpography during static test with eyes open and visual disturbance induced by horizontal 
and vertical optokinetic and sinusoidal stimulation.

type of stimulation
Craniocorpography parameters: mean value/standard deviation

Longitudinal sway 
(cm)

Lateral sway (cm) Forehead area (cm2) torticollis angle (º)

Horizontal stimulation:
10º to the left
20º to the left
10º to the right
20º to the right
20º sinusoidal

 
9.49/7.65

12.84/12.45
11.25/7.29
10.33/7.08
9.47/7.35

 
6.10/4.04
8.05/7.12
6.74/2.84
6.98/3.63
6.72/2.77

 
76.30/127.99
50.96/36.35
79.41/74.50
62.48/49.37
75.45/98.04

 
8.29/6.15
8.48/6.33
7.94/5.12
7.94/5.11
6.91/5.00

Vertical stimulation:
10º upward
20º upward
10º downward
20º downward
20º sinusoidal

 
8.68/4.06

10.37/5.98
8.20/3.60
8.66/6.88
7.91/2.62

 
6.12/4.09
5.51/2.51
5.85/3.07
4.94/1.72
5.62/2.15

 
61.62/86.24
59.24/56.66
43.35/32.95
35.01/25.28
39.71/19.69

 
7.13/4.75
4.54/4.42
5.25/7.06
4.38/6.33
7.01/9.80

table 3. Comparison of craniocorpographical parameters during Romberg’s test when eyes are closed and under op-
tokinetic and sinusoidal stimulation (significant differences in grey).

tests compared
Results of Student’s t-test ( critical value = 0.05)

Longitudinal sway Lateral sway Forehead area torticollis angle
eyes closed – opk left 10º/s 0.1 0.02 0.05 0.27

eyes closed – opk left 20º/s 0 0.01 0.01 0.3

eyes closed – opk right 10º/s 0.01 0 0 0.21

eyes closed – opk right 20º/s 0.03 0 0 0.21

eyes closed – sinus. horizontal 20º/s 0.09 0 0.02 0.1

eyes closed – opk up 20º/s 0.01 0.2 0.06 0.23

eyes closed – opk down 10º/s 0.07 0.13 0.22 0.29

eyes closed – opk down 20º/s 0.11 0.43 0.48 0.23

eyes closed – sinus. vertical 20º/s 0.07 0.16 0.3 0.44

opk right – optokinetic stimulation to the right; opk left – optokinetic stimualation to the left; sinus. – sinusoidal stimulation
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(increased) during optokinetic stimulation 
to the left at a velocity of 20º/s and du-
ring optokinetic stimulation to the right 
at both 10º/s and 20º/s velocity. torticollis 
angle remained normal during each hori-
zontal stimulation. the only effect of ver-
tical disturbance of visual field on postu-
ral control was an increase in longitudinal 
sway during upward optokinetical stimu-
lation (table 3). differences in body ba-
lance were not observed when stimula-
tion strength was increased (table 4).

discussion
the main purpose of the study was to ob-
serve the ability to maintain balance coor-
dination when one of the essential recep-
tors, the visual, is excluded or its function 
disturbed. craniocorpography was cho-
sen for quantitative and qualitative ba-
lance study [5,9]. it allows description of 
axis, direction and intensity in balance 
disturbance.

our results indicated that visual distur-
bances have a negative effect on postu-
ral control. this supports observations by 
glasauer et al [15] that eye movements 
increase sway and that suppression of the 
ocular motor component reduces pos-
tural imbalance. intersensory interaction 
with remembering the previous efference 
copy is one reason for balance deficit: the 
drive to rebuild afference control (ocu-
lar, skeletal muscles) is the key to reco-
vering equilibrium [13,17–19]. the active 
involvement of gravity – the essential role 
of the otoliths – may play a role in cor-
recting this linkage, as will be explained 
below [17].

When visual failures are present, their 
control is essential for postural stability. 
a lack of balance control was clearly ob-
served when visual stimulation was mo-

ving horizontally. such visual field dis-
turbance is followed largely by greater 
lateral sway, independently of whether it 
was stimulated to the right or to the left. 
lateral sway was greater during sinusoi-
dal stimulation.

instability in the saggital axis was also 
observed during horizontal visual stimu-
lation but was particularly associated 
with rightwards direction of disturbance. 
optokinetic nystagmus to the left nor-
mally follows optokinetic stimulation to 
the right with a tendency to body decli-
nation to the slow phase of nystagmus. 
right-handed people with suspected gre-
ater tonus of the right-side muscles may 
not be able to oppose the force drawing 
them to the right. an increase in balance 
disturbances – both lateral and longitu-
dinal sway – are consequences of such 
a situation.

it was very interesting that vertical vi-
sual field disturbance (optokinetic and si-
nusoidal) generally affects balance only 
weakly. vertical stimulation is not fre-
quent in daily life. it might therefore be 
suspected that visual failure in this plane 
would cause deeper balance discoordi-
nation than horizontal visual field move-
ment. this was not observed in our study. 
the effect of developing a major sensiti-
vity to a frequently repeated stimulation 
(in the horizontal plane), such as the gre-
ater sensitivity of the vestibulo-sympa-
thetic reflex in the familiar head-down 
prone position (exact horizontal position 
of the utricular maculas), may be a possi-
ble explanation [20]. Moreover, Murofu-
shi et al [21] suggested that the utricle is 
more respondent to acute perturbation 
than the sacculus. taking into considera-
tion the utricular responsibility for subje-
ctive horizontal vision, its disorientation 

may play a role in the resultant increase in 
lateral postural sway. further, one must 
bear in mind not only the direct influence 
of retinal scanning of visual field move-
ment but also extra-ocular (afferent and 
efferent) memory implies sensitivity as 
a forerunner of executive body sway [15].

slight differences were presented when 
comparing upward and downward verti-
cal stimulation. the balance problems that 
occurred on upward optokinetic stimula-
tion were assumed to have appeared be-
cause upward and downward opto kinetic 
nystagmus in the physiological state are 
not equal (contrary to horizontal-indu-
ced optokinetic eye movements). down-
ward nystagmus in healthy individuals is 
stronger than upward nystagmus [22]. 
this may be explained by the role of the 
positions of the maculae with reference 
to gravity. according to our observations, 
balance control was worse (greater lon-
gitudinal sway) when optokinetic stimu-
lation was set upward, creating optoki-
netic nystagmus beating downward. the 
increase in previously-existing asymme-
try of eye movement control in the verti-
cal plane was followed by an increase in 
balance disturbances. crevits et al [23], 
using a vertical pendulum, observed that 
forward body sway is accompanied by 
upward eye deviation. in humans, the 
range of upward eye movement is wider 
than it is downward. the slow phase of 
nystagmus induced by an upward opto-
kinetic target is directed upward, so the 
longitudinal body sway may be expected 
to be greater, as shown in our study.

the effect of greater longitudinal sway 
could be observed both during horizontal 
optokinetical stimulation and after verti-
cal incitement. no lateral instability was 
registered during vertical visual distur-

table 4. Comparison of craniocorpographical parameters during Romberg’s test when the intensity of visual sti-
mulation is varied and when optokinetic and sinusoidal stimulation of the same velocity takes place (no significant 
differences).

opk left 10º/s – opk left 20º/s 0.16 0.15 0.37 0.46

opk right 10º/s – opk right 20º/s 0.34 0.41 0.20 0.50

opk left 20º/s – sinus. horizontal 20º/s 0.15 0.22 0.36 0.20

opk up 10º/s – opk up 20º/s 0.15 0.29 0.46 0.44

opk down 10º/s – opk down 20/s 0.40 0.13 0.19 0.39

opk up 20º/s – sinus.vertical 20º/s 0.05 0.44 0.08 0.22

opk down 20º/s – sinus.vertical 20º/s 0.33 0.14 0.26 0.22

opk right – optokinetic stimulation to the right; opk left – optokinetic stimualation to the left; sinus. – sinusoidal stimulation
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gitudinal body sway; lateral body dis-
placement was well-controlled during 
vertical visual disturbances.

3. differences in the influence of hori-
zontal and vertical visual disturbances 
were noted: body control was better 
during the optokinetic stimulation to 
the left and downward.

4. no significant effect of intensity of vi-
sual stimulus on balance was observed.
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bance. in general, lateral displacement 
was better controlled under various di-
rections of visual disturbances than for-
ward-backward body movement. Brandt 
et al [24] estimated that the cooperation 
of otoliths in the frontal plane is well-de-
veloped. When the otoliths from one side 
decrease impulse generation, their coun-
terparts increase it in compensation, al-
lowing the contraction of particular pos-
tural muscles to maintain balance. in the 
saggital plane, such contraction in reac-
tion to the otoliths is slighter [24].

consideration of the facts above leads 
to a list of several conditions that might 
be trained by means of craniocorpogra-
phy with visual feedback. these are: uni-
lateral labyrinth weakness with delayed 
compensation; lack of proprioceptive 
control; disturbance of visual input fol-
lowing, for example, constricted visual 
field or routine work with a machine in 
motion. any condition in which coopera-
tion of balance inputs is disrupted (even 
under physiological circumstances such 
as motion sickness), an improvement in 
postural control may be facilitated by use 
of individual, purpose-selected visual im-
pulse generation. craniocorpography ap-
pears to be good tool for monitoring the 
recovery.

conclusions
1. visual stimulation (optokinetic and si-

nusoidal) in a horizontal plane induced 
stronger postural disturbances than vi-
sual stimulation in the vertical plane.

2. Both horizontal and vertical optokine-
tic stimulation resulted in major lon-
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