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Balance analysis during the sit-to-stand movement
of chronic hemiparetic individuals based upon
their functional levels.

Andlise do equilibrio durante o movimento de sentado para de pé em hemiparéticos cronicos
divididos pelo nivel funcional.
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Abstract

Introduction: Balance deficits are frequently observed in individuals with hemiparesis and lead to disabilities in daily activities,
such as the ability to walk. The sit-to-stand movement is essential for independent gait and balance is one of the main require-
ments for its performance. Objective: To analyse the balance parameters during the sit-to-stand movement in individuals with
chronic hemiparesis, stratified according to the level of functional performance. Method: Individuals above 20 years of age with
a time since the onset of the stroke of at least six months were divided into three functional groups, according to their walking
speeds: Household ambulation (<0.4 m/s), limited community ambulation (0.4 to 0.8 m/s), and complete community ambulation
(>0.8 m/s). The following balance parameters were assessed by the sit-to-stand test of the Balance Master System: (1) weight
transfer time, (2) rising index and (3) the centre of gravity sway velocity. It was considered a significance level of a<0.05. Re-
sults: Eight-six individuals (56+13 years) participated. Statistically significant differences regarding weight transfer time were ob-
served only between the household group and the others (limited community ambulation and complete community ambulation
(F=4.42;p=0.01). Similarly, regarding the rising index, significant differences were observed only for the household ambulation
group (F=8.46; p<0.01). Conclusion: Individuals with chronic hemiparesis, who had lower functional performance levels (house-
hold ambulation) spent more time to perform the sit-to-stand movement with less weight transfer to the lower limbs. These find-
ings suggest that within clinical contexts when balance training is carried out to improve mobility and gait performance in individ-
uals with household ambulation, parameters related to the transfer time and rising index should be emphasized.
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Resumo

Introducdo: Déficits de equilibrio sdo frequentemente observados em hemiparéticos, gerando incapacidades nas atividades dia-
rias, como na deambulagdo. O movimento sentado para de pé é essencial para a marcha independente, e o equilibrio € um dos
principais requisitos para sua execugdo. Objetivo: Analisar os parametros relacionados ao equilibrio durante o movimento senta-
do para de pé em hemiparéticos cronicos estratificados de acordo com o nivel de desempenho funcional. Método: Individuos com
idade =20 anos e diagndstico de Acidente Vascular Encefalico ha pelo menos seis meses foram recrutados e divididos em trés
grupos de acordo com o nivel funcional, avaliado através da velocidade de marcha: deambulacdo domiciliar (<0,4 m/s), limita-
da deambulagdo comunitéria (0,4 a 0,8 m/s) e completa deambulagdo comunitéria (>0,8 m/s). O equilibrio foi avaliado pelo Ba-
lance Master System® e o teste sentado para de pé foi usado para avaliar os parametros: (1) tempo de transferéncia, (2) indice
de subida e (3) velocidade de oscilacdo do centro de gravidade. Foi considerado um nivel de significancia de a<0,05. Resultados:
Participaram deste estudo 86 individuos (56+13 anos). Em relacdo ao tempo de transferéncia, observaram-se diferencas estatis-
ticamente significativas entre o grupo deambulagdo domiciliar e os grupos limitada deambulagdo comunitaria e completa deam-
bulagdo comunitaria (F=4,42;p=0,01). Similarmente, foram observadas diferencas estatisticamente significativas entre o grupo
deambulagdo domiciliar e os demais grupos para o indice de subida (F=8,46;p<0,01). Conclusdo: Hemiparéticos cronicos com
pior desempenho funcional apresentaram maior tempo de transferéncia do sentado para de pé e realizaram uma menor transfe-
réncia de peso os para membros inferiores durante o movimento de passar de sentado para de pé. Estes achados sugerem que
no contexto clinico, em que o treino de equilibrio é realizado com o objetivo de melhorar mobilidade e desempenho na marcha de
individuos com deambulagédo domiciliar, o tempo de transferéncia e o indice de subida devem ser priorizados.
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INTRODUCTION

The stroke results in several consequences that im-
pact various aspects of life of individuals, among them
changes in the psychological, physical and social con-
text.¥ The physical deficits are due to the contralateral
hemiparesis brain injury associated with deficits in func-
tional mobility. Among these deficits, we highlight the
reduction in speed and walking capacity, fear of falling
and balance disorders.®

Deficits related to balance are commonly observed
post-stroke, resulting in limitations in activities of daily
living.®4 It is known that the postural balance is essen-
tial for carrying out daily activities, from the simple, like
brushing your teeth, to the most complex, how to move
from a sitting to a standing position. Studies shows that
deficits related to balance are associated with reduced
walking capacity, which in turn lead to physical decondi-
tioning, creating a vicious cycle.>® Recently, it was ob-
served that the assessment and balance training may
also be needed for higher functional level, as determi-
ned by increased walk speed can be achieved in this po-
pulation® since balance is a prerequisite for the achie-
vement of various functional activities.

The sit-to-stand movement is a functional activity
performed several times in the day-to-day and its imple-
mentation is fundamental to independent living. In the
context of rehabilitation, the ability to get up leaving the
sitting position is considered as a prerequisite for inde-
pendent walking.”® Among the demands related to this
motion, the ability to move the body from a stable to an
unstable situation in which the centre of mass is shifted
to a higher position and ahead and the support base be-
comes narrower.(®

Since balance is a prerequisite for the implemen-
tation of sit-to-stand, understand the parameters rela-
ted to this movement in post-stroke individuals are the
key to a better management in clinical practice in con-
texts that aim mobility and functionality of individuals.
Thus, the aim of this study was to characterize and to
analyze the parameters related to balance while moving
from sit-to-stand in a large sample of chronic hemipare-
sis stratified according to the level of functional perfor-
mance, determined by walk speed.

METHODS

Participants

For this observational cross-sectional study, parti-
cipants were recruited from the metropolitan region of
Belo Horizonte, MG, Brazil, according to the following in-
clusion criteria: age over 20 years; stroke for at least
six months; muscle weakness and/or increased tone of
the knee extensors or paretic plantar flexors; ability to
ambulate with or without assistive devices; and pre-
sent good understanding, determined by the Mini Men-

tal State Examination with cut-offs established for the
Brazilian population.(0.tV

This study was approved by the Ethics Committee
of the Universidade Federal de Minas Gerais in the num-
ber 05380.0.203.000-09 and all participants signed an
informed consent.

Measuring instruments and procedures

Initially, subjects underwent an interview and phy-
sical examination, to obtain demographic, anthropome-
tric and clinical data related to age, gender, weight, hei-
ght, time post-stroke evolution, paretic, history of falls
in the past six months and medication use.

Level of functional performance

The regular walk speed test was used to determine
the level of functional performance. The subjects were
asked to walk, in a natural speed, a distance of 28 me-
ters using the footwear which they are familiar and they
could use orthotics and walking aids if needed. The time
it takes to traverse the 24 central meters was recorded
with a digital stopwatch. Three measurements were ob-
tained and the average between them was computed
and used to calculate the walk speed.®? From this mea-
surement, the sample was stratified into three clinically
functional groups. Household ambulation (<0.4 m/s), li-
mited community ambulation (0.4 to 0.8 m/s) and com-
plete community ambulation (>0.8 m/s).*®

Parameters related to balance

The evaluation of the parameters related to equi-
librium was performed using Balance Master System®
(NeuroCom'’s Balance Master® System). This instru-
ment is used both to assess and the balance of post-
stroke hemiparesis training.t#!>) It is composed of a
computer system and a dual force platform with four
force sensors capable of detecting the pressure exert-
ed on the same. The instrument has demonstrated ad-
equate psychometric properties when used in post-
stroke individuals.(*®

For the present study, the sit-to-stand test were
used which offering three parameters. The main com-
ponent of this task, evaluated by Balance Master, in-
cludes the speed of anterior displacement of the cen-
ter of gravity (CG). The parameters were evaluated
and analyzed: (1) time to transfer weight (in seconds),
which refers to the time required to move the CG ear-
lier from a sitting position to a full transfer of weight
to the lower limbs, (2) rate of increase in percentage
of body weight, which reflects the amount of force ex-
erted by the lower limbs during the ascent phase and
(3) the oscillatory velocity of the CG, degrees/second,
which indicates control of CG on the basis support dur-
ing the ascent phase and after five seconds in the up-
right position.”
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Statistical Analysis

Descriptive statistics and normality tests (Shap-
iro-Wilk test) were performed for all variables. Analyses
of variance (ANOVA one-way) with post-hoc LSD were
used to compare the values of selected among groups
stratified by walk speed variables. It was considered a
significance level of a <0.05 for all analyzes and the
statistical package SPSS version 17.0 for Windows was
used. (SPSS Inc, Chicago, IL).

RESULTS

The study included 86 subjects, mean age 56 + 13
years, time post-injury 65 = 54 months, with half of the
sample (55%) was composed of men. Seven subjects
had walk speed <0.4 m/s, 22 subjects between 0.4 m/s
0.8m/s and 57 subjects > 0.8 m/s. No statistically sig-
nificant differences among the three groups of level of
functional performance in relation to age and time elap-
sed post-stroke (0.15 <F <0.44; 0.39 <p <0.87, res-
pectively) were observed. The data concerning the cha-
racteristics of the sample are summarized in Table 1.

Table 2 shows the comparison between the varia-
bles measured by the Balance Master among groups
stratified according to the level of functional perfor-
mance. Regarding the transfer time, we observed sta-
tistically significant differences between the household
ambulation group and the other groups (p = 0.01; F
= 4.42), whereas the group with better functional per-
formance (limited and complete community ambulation)
had shorter transfer time. No statistically significant di-
fferences between the groups limited community ambu-
lation and complete community ambulation (p = 0.44; F
= 0.32) were observed.

Similar findings were observed for the rate of climb,
statistically significant differences were found between
the household ambulation group and the other groups
(p <0.01, F = 8.46), when compared to the limited and
complete community ambulation groups. The group with
worse functional performance showed a lower rate of in-
crease in the other two groups. No statistically signifi-
cant differences between the groups limited communi-

Balance analysis in hemiparetic.

ty ambulation and complete community ambulation (p =
0.19; F = 0.81) were observed.

No differences were observed between the groups
of functional performance compared to variable speed of
oscillation of the CG (p = 0.13, F = 2.11).

DISCUSSION

The results of this study demonstrated that chro-
nic hemiparetic subjects with different levels of functio-
nal performance showed differences in parameters rela-
ted to the balance during the sit-to-stand movement as-
sessed by the Balance Master. According to the obser-
ved data, individuals with household ambulation spent
more time to transfer from sitting to standing position
and held less weight transfer to the lower limbs while
performing the movement, compared to individuals with
limited and full community ambulation. However, no di-
fferences between the three groups of functional per-
formance with respect to speed of oscillation of the CG
were observed.

The findings that household ambulators (worst per-
formance) spent more time to complete the transfer of
the seated to standing compared to individuals with hi-
gher walk speed corroborate those reported by Chou et
al.(® who observed in a sample of 40 chronic hemipa-
retic exists correlation between the rate of rise in mo-

Table 1. Descriptive data for anthropometric, demographic and
clinical variables of the participants.

Characteristics n= 86

Age (years), mean = SD, 56 + 13 (24-86)

(variable)
Gender, n male (%) 54 (55)
Side of paresis, n right (%) 58 (59)

Length after stroke (months),

mean + SD, (variable) S8 eile )

Number of medicines, mean £ SD 32

BMI (Kg/m?), mean £ SD, 26.2 £+ 34.5 (15.2-
(variable) 36.5)
n=number; SD=Standard Deviation; BMI= Body Mass Index.

Table 2. Comparison of variables between groups: Household ambulation (n=7), Limited community ambulation (n=22) and Complete

community ambulation (n=57).

Limited community

Complete community

Variable Household ambulation BT e o R e F (p)
Age 55.6 £ 11.72 57.7 £ 12.12 549 £ 13.6°2 0.16 (0.83)
Length after stroke (months) 68.5 £ 50.12 62.6 £ 42.3° 63.8 + 52.3° 0.47 (0.62)
) 1.96 + 1.58° 1.02 £ 0.71° 0.84 + 0.93"
Transfer time (s) [0.29-3.7] [0.24-2.2] [0.58-1.08] 4.42 (0.01)
. 6 + 4.8 19 + 11.4° 22 +£9.8°
[
Index of climb (%) [2-16] [8-61] [4-47] 8.46 (<0.01)
Oscillation speed of the center of 3.4 +£1.8° 4,5+ 1.9° 4.7 £ 1.4° 2.11
gravity. (°/s) [1.9-6.1] [2.4-12] [1.6-8.1] (0.13)

CG= center of gravity. Data are reported as mean % standard deviation, minimum and maximum values. For each row, different letters

indicate significant differences between groups (p <0.05).
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ving from sitting to standing with walk variables such
as speed, stride length and cadence. Similarly, Boyne
et al.*® found an increase in walk speed after a trai-
ning program moving from sit-to-stand with the focus
on the transfer time in chronic hemiparesis. So, the ve-
locity reached during the movement of passing from sit-
ting to standing appears to be closely related to gait per-
formance.

No significant difference was found between the
groups with higher functional levels, ie, with limited and
complete community ambulation for all the variables in-
vestigated. This result can be partially explained by the
large variability of the study participants, which can be
evidenced by the high values of standard deviation. High
variability in functional parameters and engine seems to
be a common finding in hemiparetic subjects. (%21

During transfer from a sitting to a standing position,
is changing the base of support for two of three points,
which requires a high demand of muscular trunk and
lower limbs.?? The findings of the present study demons-
trated that individuals with functional index higher (limi-
ted and complete community ambulation), compared to
those with household ambulation, unloaded a higher per-
centage of weight in the lower limbs during the move-
ment sitting to standing, requiring greater force demand
to the lower limbs. However, related to lower limb mus-
cle strength variables were not evaluated in this study.

Although no statistically significant differences
among the three groups with respect to the speed of os-
cillation of CG have been observed, it is reported that
the control of CG position is crucial to control the upward
movement, as well as the maintenance of postural sta-
bility.® If the CG is not moved sufficiently forward or
moves excessively, the individual risks of suffering a fall.
Additionally, the lateral stability while performing the ac-
tivity is dependent on the symmetrical distribution of
power between both legs, which most often is not obser-

REFERENCES

ved in post-stroke individuals.(*”?* Despite being des-
cribed in the literature that hemiparesis have marked
postural oscillation (mainly medial-lateral), (7.18) ac-
cording to the results of the present study, the rate of
oscillation of the CG was not related to functional levels.
Therefore, this variable cannot be qualified to evaluate
and treat the balance from a functional perspective. Ho-
wever, this result may have been influenced by the small
sample size of the group of household ambulation.

This study has some limitations. It is known that
the relations of cause and effect cannot be determined
due to the methodology and design used in this study.
Additionally, the data collected were not equally distri-
buted among the different levels of functional perfor-
mance, which may have influenced the findings. This
fact can be justified by individuals with reduced walk
speed of the greater difficulty in getting to the location
of data collection. Finally, the results of this study reflect
characteristics related to chronic hemiparesis, and thus
cannot be generalized to populations in acute and sub-
-acute phases after stroke.

CONCLUSION

The results of this study demonstrated that chronic
hemiparetic subjects with poorer functional performan-
ce (Household ambulation) spent more time to comple-
te the transfer from sitting to standing with a smaller
weight transfer to lower limbs while performing the mo-
vement, when compared to individuals with limited and
complete community ambulation. No differences were
observed between the three groups of functional per-
formance compared to the speed of oscillation of the
CG. Therefore, the results of this study suggest that the
clinical context in which balance training is conducted
with the aim of improving mobility and gait performance
of individuals with household ambulation, transfer time
and rate of climb must be prioritized.

Kelly-Hayes PM, Robertson JT, Broderick JP, Duncan PW, Hershey LA, Roth EJ, et al. The American Heart Associa-
tion Stroke outcome classification. Stroke. 1998;29(6):1274-80.

Schmid AA, Van Puymbroeck M, Altenburger PA, Dierks TA, Miller KK, Damush TM, et al. Balance and balance self-
efficacy are associated with activity and participation after stroke: a cross-sectional study in people with chronic
stroke. Arch Phys Med Rehabil. 2012;93(6):1101-7.

Lamb SE, Ferrucci L, Volapto S, Fried LP, Guralnik JM, Women'’s Health and Aging Study. Risk factors for falling in
home-dwelling older women with stroke. Stroke. 2003;34(2):494-501.

Tyson SF, Hanley M, Chillala J, Selley A, Tallis RC. Balance disability after stroke. Phys Ther. 2006;86(1):30-8.
Mazza C, Benvenuti F, Bimbi C, Stanhope SJ. Association between subject functional status, seat height, and
movement strategy in sit-to-stand performance. J Am Geriatr Soc. 2004;52(10):1750-54.

Michael KM, Allen JK, Macko RF. Reduced ambulatory activity after stroke: the role of balance, gait, and cardio-
vascular fitness. Arch Phys Med Rehabil. 2005;86(8):1552-6.

Lee MY, Wong MK, Tang FT, Cheng PT, Lins PS. Comparison of balance responses and motor patterns during sit-
to-stand task with functional mobility in stroke patients. Am J Phys Med Rehabil. 1997;76(5):401-10.

MTP&RehabJournal 2014, 12:260-264



264 Balance analysis in hemiparetic.

8. Lee MY, Wong MK, Tang FT, Cheng PT, Chiou WK, Lins PS. New quantitative and qualitative measures on function-
al mobility prediction for stroke patients. J Med Eng Technol. 1998;22(1):14-24.

9. Janssen WG, Bussmann HB, Stam HJ]. Determinants of the sit-to- stand movement: a review. Phys Ther.
2002;82(9):866-79.

10. Brucki SMD, Nitrini R, Caramelli P, Bertolucci PHF, Okamoto IH. Sugestdes para o uso do mini-exame do estado
mental no Brasil. Arq Neuropsiquiatr. 2003;61(3B):777-81.

11. Polese JC, Teixeira-Salmela LF, Nascimento LR, Faria CD, Kirkwood RN, Laurentino GC, et al. The effects of walk-
ing sticks on gait kinematics and kinetics with chronic stroke survivors. Clin Biomech. 2012;27(2):131-37.

12. Teixeira-Salmela LF, Silva PC, Lima RCM, Augusto ACC, Souza AC, Goulart F. Musculagdo e condicionamento aeré-
bico na performance funcional de hemiplégicos cronicos. Acta Fisiatrica. 2003;10(2):54-60.

13. Perry J, Garrett M, Gronley JK, Mulroy SJ. Classification of walking handicap in the stroke population. Stroke.
1995;26(6):982-89.

14. Rogind H, Christensen J, Danneskiold-Samsge B, Bliddal H. Posturographic description of the regaining of postur-
al stability following stroke. Clin Physiol Funct Imaging. 2005;25(1):1-9.

15. Srivastava A, Taly AB, Gupta A, Kumar S, Murali T. Post-stroke balance training: role of force platform with visu-
al feedback technique. J Neurol Sci. 2009;287(1-2):89-93.

16. Chien CW, Hu MH, Tang PF, Sheu CF, Hsieh CL. A comparison of psychometric properties of the smart balance
master system and the postural assessment scale for stroke in people who have had mild stroke. Arch Phys Med
Rehabil. 2007;88(3):374-80.

17. Neurocom International Inc. Balance Master Operators Manual. Version 7.0, Clackamas; 1999.

18. Chou SW, Wong AM, Leong CP, Hong WS, Tang FT, Lin TH. Postural control during sit-to stand and gait in stroke
patients. Am ] Phys Med Rehabil. 2003;82(1):42-7.

19. Boyne P, Israel S, Dunning K. Speed-dependent body weight supported sit-to-stand training in chronic stroke: a
case series. J Neurol Phys Ther. 2011;35(4):178-84.

20. Teixeira-Salmela LF, Olney SJ, Nadeau S, Brouwer B. Muscle strengthening and physical conditioning to reduce
impairment and disability in chronic stroke survivors. Arch Phys Med Rehabil. 1999;80(10):1211-18.

21. Polese JC, Pinheiro MB, Britto RR, Parreira VF, Teixeira-Salmela LF. Strength of the respiratory and lower limb
muscles and functional capacity in chronic stroke survivors with different physical activity levels. Braz J Phys Ther.
2013;17(5):487-93.

22. Mourey F, Pozzo T, Rouhier-Marcer I, Didier JP. A kinematic comparison between elderly and young subjects stand-
ing up from and sitting down in a chair. Age Ageing. 1998;27(2):137-46.

23. Mathiyakom W, McNitt-Gray JL, Requejo P, Costa K. Modifying center of mass trajectory during sit-to-stand tasks
redistributes the mechanical demand across the lower extremity joints. Clin. Biomech., Bristol, 2005;20(1):105-
111.

24. Roy G, Nadeau S, Gravel D, Malouin F, McFadyen BJ, Piotte F. The effect of foot position and chair height on the
asymmetry of vertical forces during sit-to-stand and stand-to-sit tasks in individuals with hemiparesis. Clin Bio-
mech (Bristol, Avon) 2006;21(6):585-93.

MTP&RehabJlournal 2014, 12:260-264



