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ABSTRACT
Equilibrum is a complex process. Combined visual, somatosensory and vestibular inputs are required in order to 
maintain the body balance. Any dysfunction in one of these channels may lead to vertigo and imbalance.
Computerized static posturography can be used to assess the contribution of these sensory channels in the pa-
tient’s balance, calculating each sensory coeffi cient (visual, somatosensory, vestibular).
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BACKGROUND

After headache, vertigo and dizziness are among 
the most frequent presenting symptoms, not only in 
neurology. 

Equilibrum is a complex process. Combined vi-
sual, somatosensory and vestibular inputs are re-
quired in order to maintain the body balance. Any 
dysfunction in one of these channels may lead to 
vertigo and imbalance.

Balance is a complex process involving coordi-
nated activities of multiple sensory, motor and bio-
mechanical components. The position of the body 
in relation to gravity and the surrounds is sensed by 
combining visual, vestibular and somatosensoty in-
puts. Balance movements involve motions on the 
ankle, knee and hip joints, which are controlled by 
coordinated actions of ankle, tight and lower trunk 
muscles.(1)

BIOMECHANICS OF BALANCE

To balance with the feet in-place, the position of 
the body’s center of gravity (COG) must be main-
tained vertically over the base of support. In this 

condition, the person can resist the destabilizing 
infl uence of gravity and actively move the COG. If 
COG is positioned outside the perimeter of the base 
of support – the person has exceeded the limits of 
stability. (2,3,4)

Center of gravity sway – the angular displas-
ment of COG from the gravitational center – is de-
fi ned as the angle formed by the intersection of a 
fi rst line from the center of the base of support 
through the COG and a second line extending verti-
cally.

The base of support for standing on a fl at, fi rm 
surface is defi ned as the area contained within the 
perimeter of contact between the surface and the 
two feet. The base of support is nearly a square 
when the feet are placed confortably apart when the 
person is quietly standing. 

The limits of stability (LOS) defi nes the maxi-
mum possible COG sway angle in antero-posterior 
and lateral dimension. The LOS perimeter can best 
be described as an ellipse – the dimension antero-
posterior is approximatively 12,50 from the back-
wardmost to the forwardmost point and the laterak 
dimension is approximatively 160 from the left to 
the rightmost points. (5,6)
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 Limits of sway is a two-dimensional quantity 
(antero-posterior and lateral) defi ning the maxi-
mum spontaneous COG sway angle. A person at-
tempting to maintain balance spontaneously sways 
back and forth and from side to side. The limits of 
sway is alaways well within the LOS.

Center of gravity aligment – is a point at the 
center of the area contained within the limits of 
sway perimeter. When a normal person is asked to 
stand erect, COG aligment is placed accurately 
above the center of the base of support. When COG 
is aligned over the center of the base of support, the 
limits of sway can be as large as the LOS.

The LOS depends on the placement of the feet 
and the base of support, but also depends on COG 
sway frequency. When COG sway is slow (last 2 
to 3 seconds or longer – front to back or dside to 
side) – COG movements within the full range of 
LOS are possible. When a sway oscillation is com-
pleted in 1 second of less, the LOS contracts to ap-
proximately 30., higher frequency reduce the effec-
tive LOS. (7)

Equilibrum – is reached when the center of 
gravity is projected in the area of the base of sup-
port (the 2 plantar surfaces and the area between 
them). 

SENSORY CHANNELS IN MAINTAINING 
BALANCE

Sensing the position of the COG relative to 
gravity and the base of support requires a combina-
tion of visual, vestibular and somatosensory (tac-
tile, deep pressure joint receptor and muscle pro-
prioceptor) inputs. 

Vision mesures the orientation of the eyes and 
head in relation to surrounding objects. Somatosen-
sory inputs provide information on the orientation 
of the body parts relative to one another and to the 
support surface. The vestibular system measures 
gravitational, linear and angular accelerations of 
the head in relation to inertial space.

The somatosensory input derive from the con-
tact forces and motions between the feet and sup-
port surface. It is the dominant sensory input to bal-
ance under normal (fi xed) support surface conditions. 
(8-12)

The visual input plays signifi cant role in bal-
ance, especially when the support surface is unsta-
ble. COG sway is signifi cantly less with eyes open 
than with eyes closed. The stabilizing effect of vi-
son is illustrated by comparing eyes open and eyes 
closed sway while a person stands on a compliant 
foam rubber pad. (13-15)

The somamtosensory and visual inputs are more 
sensitive to body sway than the vestibular system. 
The vestibular input allow independent and pre-
cise control of head and eye positions. Vestibular 
input is critical for balance when somatosensory 
and visual inputs are misleading or unavailable. (7, 
16-18)

COMPUTERIZED STATIC POSTUROGRAPHY 
METHOD

Computerized Static Posturography (CSP) is a 
quantitative method for assessing upright balance 
function under a variety of tasks that effectively 
simulate conditions encountered in daily life.

The National Institute for Research and Devel-
opment for Fine Mechanics (INCDMF-CEFIN) 
elaborate a static posturograph (research grant – 
Quality and Standards Programme CALIST – part-
ners INCDMF, University Hospital Bucharest, In-
stitute) – ECHOM MODEL (“Echipament electronic 
pentru controlul echilibrului uman”). (Figure 1) 

The typical forceplate consist of a fl at, rigid sur-
face supported on three or more points by indepen-
dent force-measuring devices. 

As the patients stands on the forceplate, the ver-
tical forces recorded by the measuring devices are 
used to calculate the position of center of the verti-
cal forces exerted on the forceplate surface over 
time. The center of vertical force movements them-
selves provide an indirect measure of postural sway 
activity.

The forceplate can also measure the horizontal 
shear forces exerted by the patient’s feet against the 
support surface. Horizontal shear forces measure 
accelerations of the body COG in the antero-poste-
rior and lateral directions. 

The forces measured by the forceplate are re-
corded and transformed by specials softwares in 
equilibrium parameters and scores. (19)

EQUILIBRUM SCORES

Equilibrum score is a nondimentional percent-
age which compares the patient’s peak amplitude 
of sway (antero-posterior and lateral) to the theo-
retical limits of stability (LOS). 

The patient’s theoretical LOS is the maximum 
forward and backward center of gravity sway an-
gles that can be achieved by a normal individual – 
for antero-posterior direction.

The patient’s theoretical LOS is the maximum 
left to right center of gravity sway angles that can 
be achieved by a normal individual – for lateral di-
rection.
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Equilibrum scores near 100% indicate little sway, 
while scores near zero indicate that sway is nearing 
LOS.

Starting from the limits of stability equilibrium 
scores are calculated both on anterio-posterior di-
rection and in lateral direction. 

SENSORY ORGANIZATION TEST (SOT)

The sensory organization test (SOT) assess the 
patient’s balance performance during a sequence of 
progressively more diffi cult task conditions. The pa-
tient center of gravity projects on the forceplate – 
he can modify his COG alignment in order to be in 

the geometrical center of the forceplate using a com-
puter screen.

The patients were standing on INCDMF elec-
tronic platform for the balance testing – in 4 condi-
tions: 

1) eyes open – rigid support (ODSR – “ochi 
deschişi – suport rigid”);

2) eyes closed – rigid support (OISE – “ochi 
închişi – suport rigid”);

3) eyes open – elastic support (ODSE – “ochi 
deschişi – suport eleastic”);

4) eyes closed – elastic support (OISE – “ochi 
închişi – suport elastic”).

FIGURE 1. Computerized 
Static Posturography (CSP) 
- The National Institute for 
Research and Development 
for Fine Mechanics (INCD-
MF-CEFIN) (research grant 
– Quality and Standards 
Programme CALIST – part-
ners INCDMF – CEFIN, 
University Hospital Bucha-
rest) – ECHOM MODEL 
(“Echipament electronic 
pentru controlul echilibrului 
uman”).
Forceplate with 4 points with  
independent force-measuring 
devices – vertical forces and 
horizontal forces are record-
ed and transformed by 
specials softwares in equilib-
rium scores.

FIGURE 2. 
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 The forceplate is the rigid support (Figure 2). 
An foam pillow added on the forceplate, of same 
dimension as the forceplate – is the elastic support 
(Figure 3). 

For each condition we calculated the sensory 
analysis ratios:

 a) Somatosensory ratio – compares the condi-
tion 2 to the condition 1 equilibrum scores; quanti-
fi es the extent of stability loss when patient closes 
the eyes;

The use of somatosensory input is refl ected by 
the ratio between eyes open and eyes closed, on 
rigid support equilibrium scores. This is equivalent 
to the classic “Romberg quotient”. 

Somatosensory input dominates the control of 
balance under both eyes open and eyes, hence a 
normal individ shows a little increase in sway.

If the patient relies on visual rather than somato-
sensory to maintain balance under fi xed surface, 
there is a signifi cantly increase sway with eye clo-
sure. 

Low ratio is interpreted as dysfunction of the re-
mainig somatosensory input, which normally domi-
nates the control of balance during stance on a 
fi xed support surface.

b) Visual ratio – compares the condition 3 to the 
condition 1 equilibrum scores; quantifi es the extent 
of stability loss when the normally dominant so-
matosensory input is disrupted.

This ratio extends the concept of Romberg quo-
tient to the visual system. If the patient cannot use 
the vision in the absence of somatosensory inputs 
(elastic support), the sway increases.

c) Vestibular ratio – compares the condition 4 
to the condition 1 equilibrum scores; refl ects reduc-
tion in stability when visual and somatosensory in-
puts are simultaneously disrupted.

Useful somatosensory inputs are disrupted by 
elastic support and vision is removed by eye clo-
sure. The patients with vestibular dysfunction ex-
periences instability when both somaotsensory and 
visual inputs are removed. 

We compared the patient’s scores with the val-
ues from our normal data bank (Table 1,2). 

FIGURE 3. 

TABLE 1. Normal values of equilibrum parameters in 
subjects between 18-60 years old
Equilibrum 
parameters ODSR OISR ODSE OISE

AX (grade) 1 1 2 2.5
AY (grade) 1 1 2 2.5
AS   (grade) -1 -1 -1.5 -1.75
AD  (grade) 1 1 1.5 1.75
AA  (grade) 1 1 1.5 1.75
AP  (grade) -1 -1 -1.5 -1.75
XC  (grade) ± 0.5 ± 0.5 ± 0.5 ± 0.5
YC  (grade) ± 0.5 ± 0.5 ± 0.5 ± 0.5
EAP  (%) ≥ 92 ≥ 92 ≥ 84 ≥ 80
ESD  (%) ≥ 94 ≥ 94 ≥ 88 ≥ 84
CSOM AP  (%) ≥ 100
CSOM SD   (%) ≥ 100
CVIS AP   (%) ≥ 91
CVIS SD   (%) ≥ 94
CVEST AP (%) ≥ 87
CVEST SD (%) ≥ 89

TABLE 2. Normal values of equilibrum parameters in 
healthy subjects o over 60 years old 
Equilibrum 
parameters ODSR OISR ODSE OISE

AX (grade) 2 2 4 5
AY (grade) 2 2 4 5
AS   (grade) -2 -2 -3 -3.5
AD  (grade) 2 2 3 3.5
AA  (grade) 2 2 3 3.5
AP  (grade) -2 -2 -3 -3.5
XC  (grade) ± 1 ± 1 ± 1 ± 1
YC  (grade) ± 1 ± 1 ± 1 ± 1

EAP  (%) ≥ 84 ≥ 84 ≥ 68 ≥ 60
ESD  (%) ≥ 88 ≥ 88 ≥ 75 ≥ 69

CSOM AP  (%) ≥ 100
CSOM SD   (%) ≥ 100
CVIS AP   (%) ≥ 81
CVIS SD   (%) ≥ 85
CVEST AP (%) ≥ 71
CVEST SD (%) ≥ 78



ROMANIAN JOURNAL OF NEUROLOGY – VOLUME XIII, NO. 1, 2014 27

FIGURE 4. Posturographic examination
The patient center of gravity projects on the forceplate – he can modify his COG alignment in order to be in the 
geometrical center of the forceplate using a computer screen
1) eyes open – rigid support; (ODSR – “ochi deschişi – suport rigid”) – in the fi rst condition patient is on the forceplate 
(rigid) with eyes open. We perform 3 tests, each of  20 seconds. All 3 sensory inputs (visual, proprioceptive, vestibu-
lar) participate to the  balance. The body sway is recorded in the fi rst column. 
2) eyes closed – rigid support; (OISE – “ochi închişi -suport rigid”) – in the second condition the patient remains on the 
forceplate (rigid) but with the eyes closed. We perform 3 tests, each of 20 seconds. Proprioceptive and vestibular 
inputs participate to the balance. Visual inputs are eliminated by closing the eyes. The body sway is recorded in the 
second column.
3) eyes open – elastic support; (ODSE – “ochi deschişi – suport rigid’) – in the third condition the  patient is standing 
on an elastic support (foam pillow) putted on the forceplate, with eyes open. . We perform 3 tests, each of  20 sec-
onds.Visual and vestibular inputs participate to the balance. Proprioceptive inputs are eliminated by the elastic 
support. The body sway is recorded in the third  column.
4) eyes closed – elastic support (OISE – “ochi deschişi-suport elastic”) – in the fourth condition the patient is standing 
on an elastic support (foam pillow) putted on the forceplate, with eyes closed. We perform 3 tests, each of  20 sec-
onds. Vestibular inputs only participate to the balance. Proprioceptive inputs are eliminated by the elastic support and 
visual inputs are eliminated by closing the eyes. The body sway is recorded in the fourth column.
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FIGURE 5. Equilibrum scores
Durata (s) = Duration = 20 seconds
Xc = COG (center of gravity) alignment in lateral direction
Yc-COG (center of gravity) alignemt in antero-posterior direction
AX (mm) = maximum amplitude of sway in lateral (left-right) 
direction
As (mm) = maximum amplitude of sway in left direction
Ad (mm) = maximum amplitude of sway in right direction
AY (mm) = maximum amplitude of sway in antero-posterior 
direction 
Aa (mm) = maximum amplitude of sway in anterior direction
Ap (mm) = maximum amplitude of sway in posterior direction
Esd (%) = equilibrium score in lateral direction (left-right, 
“stanga-dreapta”) direction

Es (%) = equilibrium score in lateral left direction 
Ed (%) = equilibrium score in lateral right direction
Eap (%) = equilibrium score in antero-posterion direction
Ea (%) = equilibrium score in anteror direction
Ep (%) = equilibrium score in posterior direction
Rsd = ratio of parametres in left-right direction 
Rs = ratio of parametres in left direction 
Rd = ratio of parametres in right direction 
Rap = ratio of antero-posterior in  antero-posterior direction 
Ra = ratio of parametres in anterior direction 
Rp= ratio of parametres in left-right direction 

UNIVERSITY EMERGENCY HOSPITAL OF 
BUCHAREST – NEUROLOGY DEPARTMENT. 

STATIC POSTUROGRAPHY STUDY IN 
ISCHAEMIC STROKE PATIENTS

The objective of our study was to assess the 
contribution of these sensory channels in the bal-

ance of patients with recent ischemic stroke by us-
ing computerized static posturography (CSP).

Methods
We studied 38 patients with vertigo and imbal-

ance who experienced a recent minor ischemic 
stroke. 

Cond Durata
(s)

AX
(mm)

AY
(mm)

Esd
(%)

Eap
(%)

Rsd
(-)

Rap
(-)

As
(mm)

Ad
(mm)

Aa
(mm)

Ap
(mm)

ODsr1 20.0 9.2 16.3 96.6 92.2 0.0 0.0 -6.1 3.1 0.0 -24.6
ODsr2 20.0 10.8 13.1 96.0 93.8 0.0 0.0 -1.4 9.4 0.0 -19.0
ODsr3 20.0 8.4 11.0 96.9 94.8 0.0 0.0 -1.4 6.9 0.0 -20.8
normal 16.8 16.8 93.7 92.0 0.0 0.0 -16.8 16.8 16.8 -16.8
OIsr1 20.1 6.9 11.6 97.4 94.4 1.0 1.0 0.0 6.9 0.0 -21.0
OIsr2 20.0 8.8 11.1 96.7 94.7 1.0 1.0 -2.2 6.5 0.0 -21.9
OIsr3 20.0 7.4 15.3 97.2 92.7 1.0 1.0 -4.2 3.2 0.0 -23.6
normal 16.8 16.8 93.7 92.0 1.0 1.0 -16.8 16.8 16.8 -16.8
ODse1 20.1 12.0 14.4 95.5 93.1 0.0 0.0 0.0 12.0 7.3 -7.1
ODse2 20.0 17.9 15.3 93.3 92.7 0.0 0.0 -5.6 12.3 4.1 -11.2
ODse3 20.0 23.7 27.7 91.2 86.8 0.0 0.0 -9.3 14.4 13.6 -14.1
normal 33.6 33.6 87.5 84.0 0.0 0.0 -25.2 25.2 25.2 -25.2
OIse1 20.0 28.8 33.2 89.2 84.2 0.9 0.9 -6.2 22.7 14.5 -18.7
OIse2 20.2 23.8 43.9 91.1 79.0 1.0 0.9 -2.3 21.5 24.4 -19.5
OIse3 20.1 30.4 35.1 88.7 83.3 1.0 1.0 -9.0 21.4 28.0 -7.1
normal 42.0 42.0 84.3 80.0 1.0 1.0 -29.4 29.4 29.4 -29.4

Cond Es
(%)

Ed
(%)

Ea
(%)

Ep
(%)

Rs
(-)

Rd
(-)

Ra
(-)

Rp
(-)

Xc
(mm)

Yc
(mm)

ODsr1 95.5 97.6 85.5 91.3 0.0 0.0 0.0 0.0 -1.5 -16.4
ODsr2 96.4 95.5 89.0 93.0 0.0 0.0 0.0 0.0 4.0 -12.5
ODsr3 97.0 96.7 86.1 94.4 0.0 0.0 0.0 0.0 2.7 -15.3
normal 87.5 87.5 84.6 83.3 0.0 0.0 0.0 0.0 -8.4/8.4 -8.4/8.4
OIsr1 97.5 97.3 85.4 94.9 1.0 1.0 1.0 1.0 3.5 -15.2
OIsr2 96.2 97.2 85.4 94.0 1.0 1.0 1.0 1.0 2.2 -16.4
OIsr3 96.9 97.6 86.6 91.1 1.0 1.0 1.0 1.0 -0.5 -15.9
normal 87.5 87.5 84.6 83.3 1.0 1.0 1.0 1.0 -8.4/8.4 -8.4/8.4
ODse1 95.8 95.3 93.1 93.1 0.0 0.0 0.0 0.0 6.0 0.1
ODse2 92.7 94.0 93.7 91.6 0.0 0.0 0.0 0.0 3.4 -3.6
ODse3 90.6 91.7 87.8 85.7 0.0 0.0 0.0 0.0 2.5 -0.2
normal 81.2 81.2 76.9 75.0 0.0 0.0 0.0 0.0 -8.4/8.4 -8.4/8.4
OIse1 91.6 86.9 84.7 83.5 1.0 0.9 0.9 0.9 8.3 -2.1
OIse2 92.0 90.2 85.2 72.4 1.0 1.0 0.9 0.8 9.6 2.5
OIse3 90.2 87.1 81.6 85.1 1.0 0.9 0.9 1.0 6.2 10.4
normal 78.1 78.1 73.0 70.8 1.0 1.0 0.9 0.9 -8.4/8.4 -8.4/8.4
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First, the patient had to align his center of grav-
ity on the geometrical center of the forceplate, 
usiong a computer screen to adjust his position.

Xc = COG (center of gravity) alignment in lat-
eral direction

Yc = COG (center of gravity) alignemt in antero-
posterior direction

The patients were standing on INCDMF – CE-
FIN electronic platform for the balance testing – in 
4 conditions: 

1) eyes open – rigid support;
2) eyes closed – rigid support; 
3) eyes open – elastic support; 
4) eyes closed – elastic support. (Figure 2,3)
For each condition we performed 3 testes. Each 

lasting 20 seconds (Durata (s) = Duration = 20 sec-
onds).

Using software we calculate:
AX (mm) = maximum amplitude of sway in lat-

eral (left-right) direction
As (mm) = maximum amplitude of sway in left 

direction
Ad (mm)= maximum amplitude of sway in right 

direction
AY (mm) = maximum amplitude of sway in an-

tero-posterior direction 
Aa (mm) = maximum amplitude of sway in an-

terior direction
Ap (mm) = maximum amplitude of sway in pos-

terior direction
Esd (%) = equilibrium score in lateral direction 

(left-right, “stânga-dreapta”) direction
Es (%) = equilibrium score in lateral left direc-

tion 
Ed (%) = equilibrium score in lateral right direction
Eap (%) = equilibrium score in antero-posterion 

direction
Ea (%) = equilibrium score in anteror direction
Ep (%) = equilibrium score in posterior direction
Rsd = ratio of parametres in left-right direction 
Rs = ratio of parametres in left direction 
Rd = ratio of parametres in right direction 
Rap = ratio of antero-posterior in antero-posteri-

or direction 
Ra = ratio of parametres in anterior direction 
Rp = ratio of parametres in left-right direction 
LOS = LIMITS OF STABILITY = ellipse with 

antero-posterior diameter of 12,50 and lateral diam-
eter of 160. (5,6)

 

   

For each condition we calculated the sensory 
analysis ratios (both in antero-posterior and lateral 
direction):

– Somatosensory ratio – compares the condi-
tion 2 to the condition 1 equilibrum scores; quanti-
fi es the extent of stability loss when patient closes 
the eyes;

CSOM AP = EAP (OISR) / EAP (ODSR) X 100

CSOM SD = ESD (OISR) / ESD (ODSR) X 100

– Visual ratio – compares the condition 3 to the 
condition 1 equilibrum scores; quantifi es the extent 
of stability loss when the normally dominant so-
matosensory input is disruted.

CVIS AP = EAP (ODSE) / EAP (ODSr) X 100

CSOM SD = ESD (ODSe) / ESD (ODSR) X 100

– Vestibular ratio – compares the condition 4 to 
the condition 1 equilibrum scores; refl ects reduc-
tion in stability when visual and somatosensory in-
puts are simultaneously disrupted.

CVest AP = EAP (OISE) / EAP (ODSR) X 100

CSOM SD = ESD (Oise) / ESD (ODSR) X 100

We compared them with the values from our nor-
mal data bank of age-matched subjects. (Table 1, 2)

Results
In our group we studied 38 patients (20 men and 

18 women). The age range was between 37-80 
years (mean age 62,42). 

All patients experienced a recent minor isch-
emic stroke and complain about imbalance.

The vascular territory involved was carotidian 
in 11 patients and vertebro-basilar in 27 patients. 

We found more than 5% deviation from normal 
range of the sensory scores as follows: 

• 29 patients – multisensory impairment (with 
at least 2 sensory inputs altered):

• 2 sensory inputs altered:
11 – with vestibular and somatosensory im- 

 pairment, 
7 –  with visual and somatosensory impair- 

 ment, 
• 3 sensory inputs altered:

11 –  with visual, vestibulary and somatosen- 
 sorial impairment; 
9 –  isolated vestibular impairment.

CONCLUSIONS

Posturography evaluates the stability of the 
body and also equilibrum scores. This is a method 

EAP=
LOSAP-AY 

LOSAP

x 100 = 12,5 – AY
12,5

x 100

ESD= LOSSD-AY 
LOSD x 100 = 16 – AY

16
x 100
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of measuring the participation of proprioceptive, 
visual and vestibular input in keeping the balance. 

Computerized dynamic posturography can also 
be used in diagnostic of presbyatasis and in the 
treatment of age related balance disorder, in ves-
tibular rehabilitation (20). 

Computerized static posturography (CSP) is 
useful to assess the type of sensory (visual, proprio-

ceptive, vestibular) impairment cause inbalance in 
stroke patients. Vertigo and imbalance in ischemic 
stroke patients is usually caused by is a multisen-
sory impairment pattern. Therefore, complex 
balance training exercises are needed in central 
compensation after ischemic stroke. (19)

1. Nasher L.M. Practical biomechanics and physiology of balance, from 
The Handbook of Balance Function Testing, Lewis M. Nasher. 
Mosby-Year Book, Inc, gp Jacobson, C.W. Newman, J.M. Kartush, 
1997; 

2. Gurfi nkel V.S., Osevets M. Dynamics of the vertical posture in man. 
Biophysics 1972:17: 496-506

3. Koozekanni S.H., Stockwell C.W. McGhee RB et al: On the role of 
dynamic models in quantitative posturography. IEEE Trans Biomed 
Eng 1980: 27:605-609

4. Lee D.N. Lishman J.R. Visual popirocepticve control of stance. 
J HUM Movement Stud 1975; 1;87-95

5. Koozekanni S.H., Stockwell C.W. McGhee RB et al : On the role of 
dynamic models in quantitative posturography. IEEE Trans Biomed 
Eng 1980: 27:605-609

6. McCollum G., Leen T.K. Form and exploration of mechanical 
stability limits in erect stance. J Motor Behav 1989; 21:225-244

7. Nashner L.M., Schupert C.L., Horak F.B. et al. Organisation of 
posture controls: An analysis of sensory and mechanical contraints, 
in Allum JHJ, Hulliger (eds): Progress in Brain Research, vol 80. New 
York, Elsevier. 1989, pp. 4110418

8. Aggashyan R.V., Gurfi nkel V.S., Mamasakhlisov G.V. at al. 
Changes in spectral correlations characteristics of human stabilo-
grams at muscle afferentation disturbance. Agressologie 1973; 
14:5-9

9. Diener H.C., Dichagans J. On the role of vestibular, visual and 
somatosensory information for dynamic postural control in humans, 
in Pompeiano O., Allum J.H.J. (eds): Progress in Brain Research, vol 
76. New York; Elsevier, 1988, pp. 253-262

10. Diener H.C., Dichgans J., Guschkbauer B., et al. Role of visual 
and static vestibular infl uences on dynamic posture control. Hum 
Neurobiol 1986; 5:105-113

11. Dietz V., Horstmann G.A., Berger W. Signifi cance of proprioceptive 
mechanisms in the regulation of stance, in Allum J.H.J., Hulliger M. 

(eds): Progress in Brain Research, vol 80. New York; Elsevier 1989, 
pp 419-423

12. Gurfi nkel V.S., Lipshits M.I., et al. The state of the stretch refl ex 
during quiet standing in man, in Homma H (ed): Progress in Brain 
Research, vol 44. New York; Elsevier 1976, pp 473-490

13. Lee D.N., Lishman J.R. Visual proprioceptive control of stance. 
J Hum Movement Stud 1975; 1:87-95

14. Paulus W.M., Straube A., Brandt T. Visual stabilization of posture: 
Physiological stimulus characteristics and clinical aspects. Brain 
1984: 107:1143-1163

15. Paulus W.M., Straube A., Brandt T. Visual postural performance 
after loss of somatosensory and vestibular function. J Neurosurg 
Psychiatry 1987; 50:1542-1545

16. Allum J.H.J., Honegger F., Pfaltz C.R. The role of stretch and 
vestibulo-spinal relfexes in the generation of human equilibrum 
reactions; in Allum J.H.J., Hulliger M. (eds): Progress in Brain 
Research, vol 80. New york, Elsevier, 1989, pp.399-409

17. Bles W., de Jong J.M.B.V. Uni and bilateral loss of vestibular 
function, in Bles W, Brandt T (eds): Disorders of posture and gait. 
New York, Elsevier, 1986, pp 127-139

18. Fregly A.R. Vestibular ataxia and its measurement in man, in 
Kornhuber HH (ed): Handbool of sensory Physiology, vol 6, no 2, 
berlin, Springer-Verlag, 1974, pp 321-360

19. Roceanu A.M., Roman-Filip C., Bajenaru O. “Balance assessment 
in patients with recent ischaemic stroke”, 13th Congress of the 
European Federation of Neurological Societies, Florence, Italy, 
September 12-15, 2009, European Journal of Neurology, ISSN 
1351-5101(200909)16:09+3, Volume 16, Supplement 3, September 
2009, p. 606

20. Musat G. „Computerised posturography in the diagnosis and 
treatment of the instability of the eldely”, Romanian Journal of 
Neurology, Volume XII, No 2, 2013

REFERENCES


