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Abstract

Int roduct ion and obj ect ives:  The st abil i t y l imit s and rhyt hmic weight  shif t  t est s st udy t he 

funct ional capacity to achieve voluntary postural cont rol of movement  in the standing posit ion. 

The obj ect ives of this paper are to know the interest  of these tests in the evaluat ion of elderly 

people with vest ibular disorders and their relat ion with the number of falls suffered during the 

year prior to the study.

Material  and methods: Sixty elderly people (65-80 years old) with vest ibular disorders (pat ients) 

and 60 heal t hy subj ect s (cont rol  group) of  simi l ar  age were select ed.  According t o 

videonystagmographic and clinical criteria,  the pat ients group was divided into compensated 

and decompensated. All the subj ects in the sample performed the stability limits and rhythmic 

weight  shi f t  t est s wit h t he NedSVE/ IBV syst em.  The number of  fal ls of  each subj ect  was 

determined by a met iculous anamnesis.

Resul t s:  Compensated pat ients,  decompensated pat ients,  and the cont rol group had similar 

scores in this instrumental functional evaluation, without any statistically signiicant differences. 
None of the parameters assessed in this study correlated stat ist ically with the subj ects’  number 

of falls during the year prior to the study.

Conclusions: The stability limits and rhythmic weight  shift  tests are of lit t le ut ility in the funct io-

nal evaluat ion of  t he elderly wit h vest ibular disorders and in t he detect ion of  pat ient s wit h 

greater risk of falls.

© 2008 Elsevier España. All rights reserved.
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Introduction

Postural cont rol refers to the regulat ion of the integral 
body posit ion (posture) in space with the goal of keeping 
it  in balance at  rest  (stat ic balance) or moving (dynamic 
balance).1 It could also be deined as the ability to maintain 
the body’s cent re of gravity within the base of support  during 
stat ic sit t ing and standing posit ions and during movement . 
Ult imately, postural cont rol is the abilit y of an individual 
to acquire and maintain the desired posit ion spontaneously 
and in response to external disturbances, and to ensure 
stabilit y during the performance of body movements.

In falls among the elderly, there are usually diverse 
causal factors involved to a greater or lesser extent , both 
from the individual and also related to the environment .2 
Aging leads to a set  of changes in the body which increase 
their emergence. In addit ion, there are many diseases that  
cont ribute to the higher incidence of these events in the 
elderly.3 Among these, the diseases and disorders of the 
vest ibular system deserve special at tent ion as they are 
characterized by a postural disorder manifest ing itself  
during movement  and the act ivit ies of daily living4 and 
may predispose to falls.5 Therefore, it  is important  to study 
postural cont rol in elderly people suffering from these 
diseases and its relat ion to falls.

Studies of postural cont rol through posturography systems 
have typically focused on stat ic posturography tests and 
sensory organizat ion tests using computerized dynamic 
posturography, in which the subj ect  must  maintain the 
upright  posit ion in situat ions of sensory rest rict ion. However, 
there are fewer studies analyzing the stabilit y limit  tests 

(SL) and the rhythm-direct ion cont rol of movement  (RDC), 
which study voluntary (not relex) dynamic postural control 
while standing, without  external imbalance or sensory 
rest rict ion.

The SL is the maximum angle measured from the vert ical 
at  which an individual can lean without  changing the base of 
support .6 It  is est imated to be 12.5° in the anteroposterior 
direct ion (8.25° anterior and 4.25° posterior) and 16° in 
the mediolateral direct ion (8° to the right  and 8° to the 
left ).7 It could also be deined as the border of an area of 
space where the body posit ion can be maintained without  
changing the posit ion of the feet . These limits can be 
altered by factors related to the individual (pathological 
processes, task performed) or related to the environment  
(poor lighting, uneven looring, etc).8 If  at  any t ime the 
vert ical proj ect ion of the cent re of gravity of the body 
(CGB) is outside the SL, the subj ect  will need to move a 
foot  to prevent  a fall (step st rategy).

The obj ect ives of this work are: a) to ascertain whether 
the elderly with vest ibular diseases have an altered 
voluntary dynamic postural cont rol when standing compared 
to a cont rol group of subj ects without  vest ibular disorder, 
and b) to determine if  there is a relat ionship between the 
number of falls in the sample studied and the results of the 
inst rumental study conducted.

Material and method

We studied 60 pat ients with balance disorders (peripheral 
vest ibular diseases or cent ral disorders) and 60 subj ects 

Valor de las pruebas de control postural dinámico de la posturografía en ancianos  

con vestibulopatía

Resumen

Int roducción y obj et ivos: Las pruebas de los límites de estabil idad y de cont rol rítmico direc-

cional estudian la capacidad funcional para el cont rol postural voluntario del movimiento en 

bipedestación. En este t rabaj o se pretende conocer el interés de estas pruebas en la valoración 

de estabilidad; los ancianos con vest ibulopat ía y la relación con el número de caídas que sufri-

eron durante el año anterior al estudio.

Mat erial  y mét odos: Se seleccionó a 60 ancianos de 65-80 años con t rastornos del sistema ves-

t ibular (pacientes) y 60 suj etos sanos (grupo cont rol) de similar edad. El grupo de pacientes se 

dividió en compensados y descompensados, según criterios videonistagmográicos y clínicos. 
Todos los suj etos de la muest ra realizaron las pruebas de los límites de estabilidad y de cont rol 

rítmico y direccional mediante el sistema NedSVE/ IBV. Se determinó el número de caídas de 

cada suj eto mediante una minuciosa anamnesis.

Resul t ados: Las puntuaciones obtenidas en esta valoración funcional inst rumental por los pa-

cientes compensados y descompensados y los suj etos del grupo cont rol fueron muy similares, sin 

diferencias estadísticamente signiicativas. Ninguno de los parámetros valorados en este estudio 
se correlacionó de forma signiicativa con el número de caídas de los sujetos durante el año 
anterior al estudio.

Conclusiones:  Las pruebas de los límites de estabilidad y de cont rol rítmico-direccional t ienen 

escasa ut il idad en la valoración funcional de los ancianos con t rastornos vest ibulares y en la 

detección de pacientes con mayor riesgo de caídas.
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without  any known postural cont rol abnormalit ies, who 
formed the cont rol group. The minimum age of the subj ects 
studied was 65 years and the maximum was limited at  79 
years, to make it  conform to that  of the subj ects making up 
the normalcy database of the Inst itute of Biomechanics in 
Valencia.9

Subjects with symptomat ic disorders of the musculoskeletal 
apparatus and known neurological disorders which 
could affect  postural cont rol were excluded from the 
study; subj ects who were taking vest ibular sedat ives, 
ant idepressants, anxiolyt ics, or other cent ral act ion drugs 
were also excluded.

We performed a detailed clinical history for all subj ects in 
which we collected the number of falls experienced during 
the year preceding the study. We evaluated all pat ients by 
caloric and rotary tests, conducted by videonystagmography 
(VNG) (Ulmer v. 1.4, Synapsis®,  Marseilles).

In order to evaluate the status of vest ibular compensat ion 
in pat ients with peripheral vest ibular disease, we used 
clinical and videonystagmographic criteria. We considered 
as decompensated those pat ients who presented posit ioning 
nystagmus caused by the Dix-Hallpike or McClure manoeuvres 
and those who met  any of the videonystagmographic criteria 
described by Eisenmann et  al.10

Instrumental study

We used the NedSVE/ IBV posturography system.9 The 
assessment  of voluntary dynamic postural cont rol in 
standing posit ion included the determinat ion of the SL and 
analysis of the RDC. The SL test  analyzes the voluntary 
movement  of the cent re of gravity of an individual in  
8 direct ions (anterior, anterior-right , right , posterior-
right , posterior, posterior-left ,  left ,  and anterior-left ),  and 
offers a comprehensive assessment . Once the subj ect  was 
on the plat form (standing with the heels together and the 
toes separated at  an angle of 30°),11 a cursor was shown 
on a monitor which relected the position of the centre of 
gravity. For 8 seconds the subj ect  had to move and t ry to 
keep the cent re of gravity within each target , the posit ion 
of which depended on the age and size of the individual, the 
factors by which the database for normalcy of the Inst itute 
of Biomechanics in Valencia9 is segmented. The anterior 
target was the irst, following the order of movement 
clockwise. The calculated parameters for each of the  
8 stabilit y limits were as follows: a) maximum displacement  
(%): percentage reached regarding the normal pat tern 
(segmented by gender, age, and height ) of the maximum 
displacement  reached in each direct ion; b) react ion t ime 
(s): t ime spent  by each individual to reach the limits of 
stabilit y; c) direct ional cont rol (%): linearity of the path 
followed by the subj ect  to reach each limit  of stabilit y; 
d) success (%): stabilit y of the subj ect  after reaching the 
target  in each of the limits of stabilit y; and e) coninement 
t ime (s): t ime elapsed since the start  of the test  unt il the 
proj ect ion of the cent re of gravity left  the cent ral target . 
The score of each SL was based on the following weight ing 
of the parameters studied: maximum displacement  (55%), 
react ion t ime (10%), direct ional cont rol (25%), success (5%) 
and coninement time (5%), with respect to patterns of 
normalcy. An evaluation of 100% relected normality and 
dif ferent  rat ings expressed discrepancies with respect  to 

it. The inal SL score obtained was an average of the scores 
obtained in each of the 8 limits.

The RDC test  is based on voluntary t racking with the centre 
of gravity of a moving target  that  the subject  sees on a monitor 
placed to the front  at  eye level. The study consisted of two 
parts: in one the target  moved rhythmically and horizontally 
on the screen, and the subject  had to move his or her centre 
of gravity from left  to right  and vice versa to t rack the 
movement . In the other, the target  was moving rhythmically 
and vert ically on the screen, and the subject  had to move his 
or her centre of gravity from front  to back and vice versa, to 
follow it . In each of them the target  was moving at  3 different  
speeds: slow for the irst 14 s, continuing at intermediate 
speed during 10 s, and inally, at a faster pace for 6 s. The 
targets moved up to 60% of the maximum anteroposterior 
and mediolateral distances achieved by the subject  in the 
SL test . We calculated the following parameters: a) ability 
(%): quantiies the tightness of movement of the centre 
of gravity of the subject , with respect  to the direct ion of 
mot ion of the moving target , and b) control and eficiency 
(%): est imates the monitoring carried out  by the subject  with 
his or her centre of gravity in the direct ion perpendicular to 
the movement  of the target .

Statistical analysis

We employed the stat ist ical package SPSS v.13. In the 
comparat ive analysis, we applied Levene’s homogeneity 
test  of variances and the Kolmogorov-Smirnov test  to assess 
the degree of normality of cont inuous variables. To compare 
independent  quant itat ive variables we used the analysis of 
variance (ANOVA) and post  hoc tests to compare each group 
with the others. To establish the relat ionship between 
quant itat ive variables we used the Pearson correlat ion 
coeficient. Sample differences were considered statistically 
signiicant when P<.05 and highly signiicant when P<.01.

Results

The group of pat ients (n=60) comprised 4 sub-groups:  
a) 13 subj ects diagnosed with benign paroxysmal posit ional 
vert igo (BPPV); b) 18 who had suffered a single neurit is-type 
vest ibular crisis (VUC); c) 17 who had several peripheral 
vert igo crises of Ménière type or benign recurrent  vert igo 
(BRV); and d) 12 who were suffering from balance disorders 
of cent ral origin. Of the total 48 pat ients with peripheral 
vest ibular disease, it  was considered that  30 were 
decompensated and the remaining 18 were compensated.

Table 1 shows the general characterist ics of the sample 
studied (dist ribut ion by gender, age and anthropomet ric 
characterist ics), as well as the number of falls in the groups 
studied.

Of the total 120 subj ects studied, only 115 could carry 
out  this inst rumental study (59 from the cont rol group and  
56 patients), due to dificulties in understanding and 
carrying out  the tests.

The descript ive and comparat ive results with respect  to 
the cont rol group (post  hoc tests) in the test  of stabilit y 
limits (anterior, posterior, right , and left  l imits) and 
rhythmic and direct ional cont rol are shown in Tables 2 and 
3, respect ively.
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Table 4 shows the comparison (ANOVA) of results in 
the inst rumental study and the number of falls between 
the dif ferent  study groups (cont rols versus pat ients, and 
decompensated versus compensated). There were no 
statistically signiicant differences in any studied parameter 
of the inst rumental study. The number of falls in the group 
of patients was signiicantly higher than that of subjects 
without  balance disorders (P=.006). However, no signiicant 

dif ferences were found between pat ients with vest ibular 
disorders according to their vest ibulo-ocular compensat ion 
status (P=.851).

The correlat ion between scores obtained in the SL and 
RDC tests and the number of falls by the studied subj ects 
during the year preceding the survey is shown in Table 5. 
No correlation with statistical signiicance was found in any 
parameter analyzed.

Table 1 General characterist ics and number of falls in the sample studied

 Males/ females Age Height , cm BMI Falls, n

Cont rol group (n=60) 17/ 43 71.92 (3.29) 158.07 (8.400) 28.17 (3.46) 0.23 (0.50)

Group of pat ients (n=60) 17/ 43 71.28 (4.39) 157.87 (9.260) 28.8 (5.01) 1.67 (3.94)

 Peripheral (n=48) 14/ 34 70.97 (4.06) 157.92 (8.750) 28.06 (3.98) 1.71 (4.21)

  Decompensated (n=30) 8/ 22 71.2 (3.68) 157.47 (9.420) 27.39 (3.61) 1.8 (5.00)

  Compensated (n = 18) 6/ 12 70.61 (4.70) 158.67 (8.280) 29.18 (4.60) 1.56 (2.91)

 Cent ral (n=12) 3/ 9 72.5 (5.58) 157.67 (10.43) 31.78 (7.22) 1.5 (2.06)

BMI indicates body mass index. 

The data present  the average (standard deviat ion)

Table 2 Descript ive and comparat ive results (with respect  to the cont rol group) in the test  for the stabilit y limits (anterior, 

posterior, right , and left  l imits)

Stabilit y limits

Clinical condit ions and stages Anterior [P*] Posterior [P*] Right  [P*] Left  [P*]

Normal (n=59) 90.92 (12.87) 89.63 (12.29) 83.32 (14.9) 84.22 (13.56)

SVC (n=17) 93.47 (4.77) [0.591] 90.5 (10.79) [0.806] 86.18 (8.8) [0.414] 84.65 (15) [0.756]

RVC (n=16) 96.19 (2.85 [0.306] 86.44 ( 15.55 [0.649] 86.38 (15.48) (0.461] 83 (9.43) [0.796] 

BPPV (n=12) 95.58 (3.17) [0.461] 89.75 (12.27) [0.915] 82.92 (12.53) [0.849] 85.42 (16.19) [0.728] 

Cent ral (n=11) 90.09 (11.94) [0.898] 83.73 (25.18) [0.128] 78.27 (22.12) [0.347] 80.09 (15.01) [0.219] 

Decompensated (n=28) 95.04 (3.77) [0.369] 87.46 (14.16) [0.799] 85.89 (9.74) [0.615] 84.11 (13.31) [0.776] 

Compensated (n=17) 94.94 (4.17) [0.408] 91.24 (10.42) [0.855] 84.53 (15.97) [0.799] 89.56 (7.76) [0.281]

BPPV, benign paroxysmal posit ional vert igo; RVC indicates recurrent  vest ibular crisis; SVC, single vest ibular crisis.  

The data present  the average (standard deviat ion).  

*Comparison of the dif ferent  subgroups with the normal group.

Table 3 Descript ive and comparat ive results (with respect  to the cont rol group) in the rhythm and direct ional cont rol test

Parameters

Clinical condit ions and stages MLA [P*] MLCE [P*] APA [P*] APCE [P*]

Normal (n=59) 88.52 (16.42) 96.01 (9.6) 93.62 (13.29) 86.1 (20.48)

SVC (n=17) 93.47 (11.38) [0.237] 100 (0) [0.096] 94.94 (12.28) [0.698] 90.77 (11.09) [0.341]

RVC (n=16) 86.83 (14.84) [0.693] 99.83 (0.55) [0.119] 97.44 (7.12) [0.272] 94.22 (11.66) [0.107]

BPPV (n=12) 92.08 (12.62) [0.476] 97.41 (6.07) [0.623] 94.91 (11.25) [0.75] 92.24 (14.31) [0.294]

Cent ral (n=11) 85.33 (15.08) [0.523] 94.14 (15.42) [0.509] 91.73 (13.08) [0.640] 86.95 (19.66) [0.884]

Decompensated (n=28) 89.83 (13.82) [0.773] 99.98 (0.79) [0.518] 96.18 (9.73) [0.632] 95.8 (8.08) [0.241]

Compensated (n=17) 92.11 (12.09) [0359] 98.19 (11.99) [0.791] 91.28 (2.74) [0.591] 86.98 (15.1) [0.875]

APA, anteroposterior abilit y; APCE indicates anteroposterior cont rol and effect iveness; BPPV, benign paroxysmal posit ional vert igo; 

MLA: mediolateral abilit y; MLCE, mediolateral cont rol and effect iveness; RVC, recurrent  vest ibular crises; SVC, single vest ibular crisis.  

The data present  the average (standard deviat ion).  

*Comparison of the dif ferent  subgroups with the normal group.



Value of dynamic postural cont rol tests on elderly people with vest ibulopathy 153

Discussion

It  is est imated that  approximately 30% of subj ects over 65 
years of age suffer at  least  one fall annually, and half  of 
these have several.12.  It  is believed that  the frequency of 
these events in pat ients with unilateral peripheral vest ibular 
disease is similar to that  of the general populat ion, but  lower 
than in patients with bilateral vestibular deicits.13 In our 
sample, the average number of falls in the group of normal 
subj ects during the year preceding the posturography was 
0.23, while the group with pathologies had an average of 
1.67. The comparat ive study documented that  pat ients 
with vest ibular diseases suffered more falls than the cont rol 
group.

The “ classic”  stat ic posturography only studies the 
pat ient  in a posit ion of standing erect , so it  does not  
provide informat ion on the dynamic aspects of postural 
balance. The limits of stabilit y and the voluntary cont rol 
of postural changes of a subj ect  report  their abilit y to 
perform movements safely. When the irst are altered or 
the adj ustment  of displacements of the cent re of gravity is 
inadequate, it  is easier for an eventual fall to take place.

The SL can be affected for dif ferent  reasons: they are 
worse in pat ients with hip prosthet ics,14 Parkinson pat ients 
in of f  phase,15 and when the subj ect  carries a burden on 
the upper body.16 By cont rast , the increase in quadriceps 
st rength, a balance t raining program in pat ients with 
Parkinson’s disease17 and the intensive pract ice of Tai Chi18 
are all related to an improvement  in the SL.

Subj ects in the cont rol group and the dif ferent  clinical 
sub-groups studied had similar scores in the SL test . The 
comparative study found no signiicant differences between 
the results obtained by the cont rol group and that  of the 
pat ients. However, the number of falls was higher in pat ients 
than in subj ects without  balance disorders (P=.006), so 
this posturography parameter does not  seem to be clearly 
related to the number of falls in the sample studied.

The scores obtained in this inst rumental test  by 
compensated and decompensated pat ients was similar, 
without statistically signiicant differences, so the state 
of vest ibular compensat ion in the sample studied did not  
inluence their limits of stability.

Owings et  al19 noted that  dif ferent  measures of postural 
stabilit y, including the SL, are of lit t le use in ident ifying 
healthy elderly people with repeated falls. In the same 
sense, Brauer et  al20 in a study by posturography to predict  
falls in elderly people, found that  the stabilit y limits test  had 
lit t le abilit y to predict  them, point ing to it s mult ifactorial 
origin in the elderly populat ion.

In our sample we found no statistically signiicant 
correlat ion between the total score of the stabilit y limits 
and the number of falls during the year preceding the 
posturography, so its study was of limited value in assessing 
these events in the populat ion studied.

However, Girardi et  al21 noted that  this test  was the most  
important  part  of the dynamic posturography to ident ify 
pat ients with falls, so they consider it  a good predictor. 
In their work, which included pat ients with mult isensorial 
deiciency, the average number of annual falls was 3.5, 
but  in our sample it  was 0.95. This dif ference could be due 
to the fact  that  our study excluded pat ients with other 
concomitant  sensory disorders.

Although the descript ive study of the study sample 
indicated that  the group of pat ients obtained bet ter scores 
than the subj ects in the cont rol group in the RDC tests, 
the comparative analysis found no statistically signiicant 
dif ferences; therefore the rhythmic and direct ion cont rol 
test  does not  seem to be useful to discriminate between 
healthy elderly and those with vest ibulopathy. These 
results could be due to the fact  that  vest ibular disorders 
do not signiicantly alter the control of voluntary rhythmic 
movement  while standing.

The results obtained by the compensated and 
decompensated pat ients in the 4 parameters studied of 
the RDC were similar. The comparat ive study found no 
dif ferences in any of them between these 2 groups, so it  is 
possible that  the lack of vest ibulo-ocular compensat ion has 
not  affected the voluntary cont rol of the mediolateral and 
anteroposterior displacement  of the cent re of gravity in the 
pat ients studied.

Delbaere et  al22 found a worse result  in the test  of 
anteroposterior rhythm and direct ion cont rol in the elderly 
with falls with respect  to those who had not  suffered any. 
However, in our sample, the comparat ive study of the 
parameters studied and number of falls during the year 
preceding the posturography did not ind any correlation 
with statistical signiicance. This lack of correlation could 
be due to the fact  that  many falls occur while walking, 
in unexpected situat ions, and usually when the limits of 

Table 4 Comparison of the results of the inst rumental 

study and the falls in the groups studied

  Pat ients versus the 

cont rol group

Decompensated versus 

compensated

SL 0.572 0.508

MLA 0.565 0.684

MLCE 0.224 0.076

APA 0.775 0.788

APCE 0.467 0.052

Falls 0.006* 0.851

APA, anteroposterior abilit y; APCE indicates anteroposterior 

cont rol and effect iveness; MLA, mediolateral abilit y; MLCE, 

mediolateral cont rol and effect iveness; SL, stabilit y limits.  

*P<.01.

Table 5 Correlat ion between the results of the 

inst rumental study and the number of falls during the year 

prior to the posturography

Test  PC P n

SL 0.160 0.087 115

MLA −0.166 0.077 115

MLCE 0.016 0.966 115

APA 0.064 0.497 115

APCE 0.069 0.468 115

APA, anteroposterior abilit y; APCE indicates anteroposterior 

cont rol and effect iveness; MLA, mediolateral abilit y; 

MLCE, mediolateral cont rol and effect iveness; PC, Pearson 

correlat ion; SL, stabilit y limits.



154 Ortuño-Cortés MA et  al

stabilit y are exceeded, whereas in this test  the moving 
target  only moved up to 60% of the maximum distance 
reached by the test  subj ect  in the SL.

Conclusions

The results of voluntary dynamic postural cont rol tests while 
standing (limits of stabilit y and cont rol of direct ion and 
rhythm) were similar in elderly people with decompensated 
and compensated vest ibular disorders and in the cont rol 
group, so these tests have lit t le relevance to the funct ional 
assessment  of elderly people with this disease.

No correlat ion was found between the results of these 
tests and the number of falls of the sample studied during 
the year preceding the survey; therefore they are not  useful 
for discriminat ing the elderly with increased risk of falls 
with respect  to those who do not  suffer these events.
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