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ABSTRACT
Objective: To determine the influence of time since injury on the efficacy and maintenance of gains of
rehabilitation of balance after stroke.
Method: Forty-seven participants were assigned to a least (6–12 months), a moderate (12–24 months), or
a most chronic (>24 months) group. Participants trained for 20 one-hour sessions, administered three to
five times a week, combining conventional physical therapy and visual feedback-based exercises that
trained the ankle and hip strategies. Participants were assessed before, after the intervention, and one
month later with a posturography test (Sway Speed and Limits of Stability) and clinical scales.
Results: In contrast to other subjects, the most chronic participants failed to improve their sway and to
maintain the benefits detected in the Limits of Stability after the intervention. Although all the
participants improved in those clinical tests that better matched the trained skills, time since injury
limited the improvement, and over all, the maintenance of gains.
Conclusion: Time since injury limits but does not prevent improvement in chronic stages post-stroke, and
this effect appears to be more pronounced with maintaining gains. These findings support that training
duration and intensity as well as type of therapy may need to be adjusted based on time post-stroke.

ARTICLE HISTORY
Received 10 January 2017
Revised 21 September 2017
Accepted 14 December 2017

KEYWORDS
Stroke; chronic brain injury;
time since injury; balance;
posture; rehabilitation;
virtual reality

Introduction

In the last decade, vast resources have been invested to under-
stand brain mechanisms after stroke. Current knowledge on
pathophysiology has formed the basis of evidence-based neu-
rorehabilitation (1). The existing evidence supports that endo-
genous neurological recovery occurs with peak intensity
within the first three months post-stroke and then declines
and ends at six months (2). Traditionally, the idea of recovery
plateau has strongly influenced the way that rehabilitation has
been administered (3). There is a general agreement among
clinicians that the earlier the rehabilitation starts, the greater
the benefits that patients can obtain (2). Efficacy of early
interventions has been supported by longitudinal studies
that demonstrate greater improvement at earlier stages post-
stroke (4). In addition, different attempts to determine the
ideal timing for rehabilitation have shown that early interven-
tions may provide greater benefits to functional independence
for persons post-stroke in the acute (5) and sub-acute
phase (6).

However, the boundaries of the window of opportunity for
rehabilitation are still a matter of debate with clinical, eco-
nomical, and ethical consequences (3). Recent literature has
questioned the existence of a plateau, evidencing instead the
lifelong potential of the neurobiological systems to adapt and
reorganize. In accordance with this, it has been shown that

functional improvements still occur after six months, sup-
ported by brain mechanisms that, although possible, must
be externally driven (7). Functional and brain recovery is
well documented after rehabilitation of upper limb function
in the chronic phase (8,9). Different interventions have also
shown to improve balance and postural control at this phase.
One-on-one strength training interventions have reported
benefits to individuals post-stroke more than one year after
the onset (10). Group programs have also provided similar
results after more than one (11) and 2 years (12). Task-
oriented training involving reaches, steps, and raises has
been reported to improve balance after one year since injury
(13). Similar intense mobility training focusing on obstacle
avoidance, walking, sit-to-stand, stair-climbing, and coordina-
tion tasks has also provided benefits to balance six (14) and
nine months after the onset (15). Provision of visual feedback
on force plate has been also reported to promote benefits not
only six months (16) but also years after stroke (17). In
addition virtual reality-based training of the ankle and hip
strategies (18,19) and the stepping strategies (20,21) at this
stage have been also shown to provide benefits in balance to
individuals with stroke.

All these results support the evidence that, first, greater
improvements are expected in early stages, but, second, rehabi-
litation of balance is possible in chronic stages. Unfortunately,
differences in the intervention, dosage, and participants of the
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previous studies prevent accurate characterization of the effect of
time since injury in the rehabilitation of balance in this phase
(22,23). Characterization of this effect would help to better
define rehabilitation interventions, over all, in the chronic stages.

According to the existing evidence, we hypothesized that time
since injury would limit, but not nullify, the effect of an intensive
training on balance function and postural control and the main-
tenance of gains after the intervention. The objective of this study
was to determine the efficacy of a visual feedback-based interven-
tion in groups of chronic post-stroke subjects with different time
since injury. The intervention focused on the training of the ankle
and hip strategies using force plates, and was previously included
in the standard practice of both units, motivated by the positive
effects of this (18,19) and similar interventions (16,17) reported in
chronic subjects with variable time since injury.

Materials and methods

Participants

All the stroke outpatients who were attending a rehabilitation
program in two specialized neurorehabilitation centres were
candidates to participate in this study. The inclusion criteria
were as follows: (1) age ≥ 50 and ≤ 65 years old; (2) time since
onset > six months; (3) time from admission > three months; (4)
Mini-Mental State Examination (24) score above 23; and (5)
ability to walk 10 m indoors with or without assistive devices
or orthotics. Subjects were excluded if they presented: (1) inabil-
ity to follow instructions defined by Mississippi Aphasia
Screening Test (25) score below 45; (2) unilateral spatial neglect;
(3) ataxia or any other cerebellar symptom; and (4) severe
auditory or visual impairments.

The study was approved by the Institutional Review Board
of both medical centres. Written consent was obtained from
all of the subjects who satisfied the inclusion criteria and
accepted to participate in the study.

Intervention protocol

Immediately prior to the intervention, all the participants were
enrolled in a long-term neurorehabilitation program in one of
both centres that included conventional physical therapy
3–5 days a week. Participants were assigned to one of three
groups according whether their time since injury was less than
one year, from one to two years, and greater than two years.
These artificial cut-offs were chosen as being representative of
the literature (10–14,16). The intervention involved 20 sessions,
one-hour long, administered 3–5 days a week. Training sessions
combined 20 minutes of conventional physical therapy with
40 minutes of specific training of the ankle and hip strategies
through virtual reality-based customized exercises on a balance
board (18,19), with two-minute breaks each 10 minutes. After
the intervention, participants returned to the conventional phy-
sical therapy program. The conventional balance training con-
sisted of one-on-one exercises including the following exercises:
(1) static standing exercises in different positions (Romberg
position, tandem stance, single stance, etc.) using verbal, visual,
and perceptual cues to increase weight bearing to the affected
lower limb; (2) stepping tasks to increase weight transfer and

improve the stepping strategy; (3) static and dynamic balance
exercises including arm activities during functional tasks to
improve balance self-confidence in daily activities; and (4) walk-
ing exercises under different conditions (obstacle course, indoor
and outdoor walking, stair climbing, etc.). The virtual reality-
based training of the ankle and hip strategies consisted of six
different exercises that promoted the training of the ankle and
hip strategies (see Supplemental File for further information).
Exercises provided audiovisual information of the centre of
pressure and required participants to displace it towards differ-
ent targets in a virtual environment through weight transfer-
ences and postural readjustments.

The difficulty of the conventional physical therapy, includ-
ing that prior and subsequent to the intervention, and the
customized training of the ankle and hip strategies were
established every two weeks by an experienced physical thera-
pist according to the particular needs, condition, and progress
of each participant. The maximum excursion of the centre of
pressure in the training of the ankle and hip strategies was
defined as the 80% of the limits of stability of each participant.

All the participants were assessed before and after the
intervention, and one month after, with a posturography test
that studied Sway Speed during the modified Clinical Test of
Sensory Interaction on Balance and Limits of Stability (26),
and with a battery of clinical scales that included the Berg
Balance Scale (BBS) (27), the Functional Reaches Test (FRT)
(28), the 30-Second Sit-to-Stand Test(30CST) (29), the
Stepping Test in the paretic and non-paretic side (30), the
Timed Up-and-Down Stairs Test (31), the Timed Up-and-Go
Test (32), and the 10-m Walking Test (33).

Statistical analysis

Demographical and clinical comparisons between groups at base-
line were performed with analysis of variance (ANOVA) and Chi-
squared or Fisher exact tests, as appropriate. Repeated-measures
ANOVA with time as the within-subjects factor and chronicity as
between-subjects factor were performed for all the tests and scales.
The main effects of time, chronicity, and the time-chronicity
interaction effects were evaluated. ANOVA findings that violated
the sphericity assumption were accommodated by Greenhouse
and Geisser’s conservative degrees of freedom adjustment. For
each repeated-measures ANOVA, we present the partial eta
squared (η2p) as ameasure of effect size; valuesmay range between
0 and 1, with higher values representing higher proportions of
variance explained by the independent variable.

The α level was set at 0.05 for all analyses (two-sided). All
analyses were computed with SPSS Statistics, version 22
(IBM®, Armonk, NY, USA).

Results

Participants

A total pool of 167 outpatients was screened. Among them, 51
subjects (30.5%) met inclusion criteria and agreed to partici-
pate in the study. As explained above, participants were clas-
sified according to their time since stroke. Two participants of
the moderately chronic group and one of the most chronic
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group were discharged, and one participant of the least
chronic group suffered a second stroke and their data were,
consequently, excluded. Final analysis included the data of 47
participants (Table 1). No significant differences in demogra-
phical or clinical data at inclusion were detected between the
groups.

Posturographic assessment

Different responses of the groups were detected in the Sway
Speed (p = 0.030, η2p = 0.11). The least and moderately
chronic participants similarly reduced their sway after the
intervention, and continued improving at the follow-up
examination. However, no change in this variable was
detected in subjects with greatest chronicity. The differences
between groups were more pronounced for the Limits of
Stability. All the participants increased their limits after the
intervention but only the least chronic subjects continued
improving at follow-up, while the moderately chronic subjects
maintained the gains, and the most chronic subjects failed to
retain those gains (p = 0.000, η2p = 0.12). Posturographic data
are shown in Table 2 and depicted in Figure 1.

Clinical scales and tests

Significant differences between the three groups were detected
in the BBS (p = 0.005, η2p = 0.15), the FRT (p = 0.044,
η2p = 0.12), and the 30CST (p = 0.017, η2p = 0.10). All the
participants improved their scores in these tests after the

intervention, even though more limited changes were reached
by the most chronic group. Examination at follow-up evi-
denced that only the least chronic subjects continued improv-
ing in the three tests, while the moderately chronic subjects
improved in the BBS and the FRT and maintained the gains in
the 30CST, and the most chronic subjects maintained the
gains in the BBS, but slightly worsened their scores in the
FRT and 30CST. Clinical data are shown in Table 3, and
significant measures are depicted in Figure 2.

Discussion

This paper reports on the efficacy of a visual feedback-based
intervention that focused on postural adjustments through the
use of the ankle and hip strategies in subjects post-stroke with
different times since injury who were enrolled in a conventional
physical therapy program immediately prior to the study. Our
results support that this intervention improved balance and
postural control for persons at the chronic stages post-stroke,
and more importantly, that time since injury modulated
improvement as well as the ability to maintain gains.

Time since injury does not prevent improvement

The improvement in posturographic data after the intervention
in all groups, evidenced by increased Limits of Stability and
reduced Sway Speed, supports previous reports in chronic popu-
lations (16). Even though a decrease in postural sway does not
necessarily reflect improvement of the balance ability (34),

Table 1. Characteristics of the participants.

Characteristic
Least chronic group

(n = 16)
Moderately chronic group

(n = 15)
Most chronic group

(n = 16) Significance

Gender (n, %) NS (p = 0.240)
Male 10 (62.5%) 13 (86.7%) 10 (62.5%)
Female 6 (37.5%) 2 (13.3%) 6 (37.5%)

Age (years) 58.7 ± 8.6 58.7 ± 8.0 59.9 ± 5.0 NS (p = 0.876)
Etiology (n, %) NS (p = 0.705)

Ischemic 12 (75.0%) 11 (73.3%) 10 (62.5%)
TACI 4 (33.3%) 3 (27.3%) 2 (20.0%)
PACI 6 (50.0%) 6 (54.5%) 5 (50.0%)
LACI 2 (16.7%) 1 (9.1%) 2 (20.0%)
POCI 0 (0.0%) 1 (9.1%) 1 (10.0%)

Hemorrhagic 4 (25.0%) 4 (26.7%) 6 (37.5%)
Hemiparesis (n, %) NS (p = 0.761)

Right 9 (56.3%) 7 (46.7%) 7 (43.8%)
Left 7 (43.7%) 8 (53.3%) 9 (56.3%)

Chronicity (days) 245.7 ± 60.1 476.1 ± 87.4 2174.9 ± 1136.8 p = 0.000
Berg Balance Scale 39.1 ± 7.4 40.5 ± 11.8 44.7 ± 5.5 NS (p = 0.168)

Age, chronicity, and scores in the Berg Balance Scale are defined in terms of mean and standard deviation. Gender, etiology, and
hemiparesis are expressed as a number and percentage of total number of participants. TACI: total anterior circulation infarct; PACI:
partial anterior circulation infarct; LACI: lacunar infarct; POCI: posterior circulation infarct; NS: non-significant.

Table 2. Posturographic data.

Initial assessment Final assessment Follow-up assessment
Significance
(p, effect size)

Sway Speed (cm/s)
Least 2.4 ± 0.3 2.2 ± 0.5 2.1 ± 0.5 T**(p = 0.001),
Moderately 1.8 ± 0.4 1.7 ± 0.4 1.6 ± 0.4 GxT**(p = 0.030),
Most 1.9 ± 1.1 1.8 ± 0.9 1.9 ± 0.9 η2p = 0.11

Limits of Stability (%)
Least 92.8 ± 24.0 98.7 ± 17.4 101.9 ± 15.0 T**(p = 0.000),
Moderately 81.9 ± 9.0 95.0 ± 10.8 94.7 ± 13.0 GxT**(p = 0.000),
Most 81.4 ± 29.3 94.3 ± 26.6 86.4 ± 23.6 η2p = 0.12

Data are given in terms of mean and standard deviation. T: time effect. GxT: group by time effect. *: p < 0.05, **: p < 0.01. NS: non-
significant.
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results in the clinical variables confirmed this relationship in our
study. As proof, our data showed improvement in all groups in
the BBS, the FRT, and the 30CST, like preliminary studies with
similar interventions (18,19).

It is important to highlight that the significant clinical
changes were detected in those tests that involved bilateral
symmetrical lower extremity loading and consequently better
match the trained skills. No significant changes were detected

Figure 1. Progress on posturographic data. Statistical significance is provided for each group in those time intervals with a significant time effect. The significant time
effects and group-by-time effects detected in each time interval and their effect size are provided beneath them.

Table 3. Clinical data.

Initial assessment Final assessment Follow-up assessment
Significance
(p, effect size)

Berg Balance Scale
Least 39.1 ± 7.4 43.0 ± 6.1 44.7 ± 5.6 T**(p = 0.000),
Moderately 40.5 ± 11.8 45.6 ± 9.5 48.0 ± 8.1 GxT**(p = 0.005),
Most 44.7 ± 5.5 47.9 ± 5.3 47.7 ± 5.5 η2p = 0.15

Functional Reaches Test (cm)
Least 24.1 ± 8.9 27.4 ± 7.1 29.0 ± 6.7 T**(p = 0.000),
Moderately 24.5 ± 4.1 27.7 ± 6.8 28.9 ± 7.2 GxT**(p = 0.044),
Most 24.4 ± 5.9 26.0 ± 6.2 25.2 ± 5.8 η2p = 0.12

30-Second Sit-to-Stand Test 8.8 ± 7.7 10.6 ± 4.7 11.7 ± 4.8 T**(p = 0.004),
Least 9.9 ± 3.6 12.1 ± 4.3 12.0 ± 4.1 GxT**(p = 0.017),
Moderately 9.2 ± 4.0 9.9 ± 4.0 9.6 ± 5.1 η2p = 0.10
Most

Stepping Test – paretic (n) NS
Least 6.6 ± 3.7 7.2 ± 4.1 7.2 ± 4.3
Moderately 6.9 ± 4.8 7.4 ± 3.6 7.0 ± 3.8
Most 7.5 ± 5.0 7.8 ± 4.0 7.8 ± 4.1

Stepping Test – non-paretic (n) NS
Least 6.9 ± 4.1 7.7 ± 4.2 8.1 ± 4.0
Moderately 7.5 ± 2.7 7.9 ± 2.5 7.7 ± 2.9
Most 7.6 ± 3.1 7.6 ± 2.6 7.5 ± 2.2

Timed Up-and-Down Stairs Test (s) NS
Least 20.9 ± 4.7 19.2 ± 4.1 20.0 ± 3.0
Moderately 15.5 ± 6.6 14.3 ± 7.9 14.3 ± 8.5
Most 16.6 ± 10.7 16.9 ± 11.7 16.3 ± 8.3

Timed Up-and-Go Test (s)
Least 24.6 ± 12.2 23.1 ± 12.6 22.9 ± 13.7 NS
Moderately 23.7 ± 12.4 23.0 ± 13.8 22.9 ± 12.3
Most 23.8 ± 18.5 23.6 ± 22.8 23.6 ± 21.8

10-m Walking Test (s)
Least 27.8 ± 27.5 26.3 ± 27.7 26.4 ± 26.8
Moderately 14.2 ± 5.6 12.8 ± 5.7 13.0 ± 5.5
Most 21.1 ± 13.1 20.4 ± 12.8 20.4 ± 12.9

Data are given in terms of mean and standard deviation. T: time effect. GxT: group by time effect. *: p < 0.05, **: p < 0.01. NS: non-significant.

Figure 2. Progress on significant clinical data. Statistical significance is provided for each group in those time intervals with a significant time effect. The significant
time effects and group-by-time effects detected in each time interval and their effect size are provided beneath them.
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in more dynamic and gait tests, which may be explained by
specificity of the training. However, this hypothesis should be
further studied. Our results are in agreement with previous
evidence (10–21) that documents that it is possible to improve
balance and postural control months and even years after the
onset.

Time since injury limits the improvement

The different responses to training of the three groups in the
sway speed indicated a negative effect of time since injury on
the efficacy of the intervention in postural control. This effect
was not reflected in the Limits of Stability, where the least
chronic group showed the lowest increase. This finding might
be interpreted as a ceiling effect on this measure, since this
group had a mean baseline score of 92.8, more than 10 points
higher than the other groups.

Results in the clinical outcomes are in line with the existing
evidence. Greater improvement has been reported in func-
tional independence in individuals with less time since injury
(5,6), although the effect of this variable in the efficacy of an
intervention could be less evident in the acute phase (35) and
more pronounced over time. This relationship has been also
confirmed in the motor function of upper extremities, where
greater motor improvement has been detected at more acute
stages (36) in comparison to that at chronic stages (37) after
similar interventions. Our results support previous evidence
that endorses greater improvement at early stages after stroke.

Time since injury limits the maintenance of gains

The responses of the participants of the least chronic groups
confirm previous findings after a similar intervention, where
participants with similar characteristics were able to main-
tain the gains and even improve after the intervention (19).
The return to the conventional physical therapy program
after the intervention could have provided these participants
with a sufficient dose and intensity of rehabilitation to main-
tain the benefits and even to be a solid background for
further improvements. In contrast, the change of interven-
tion could have interrupted the progress of the most chronic
participants, who might need more time to show comparable
improvements and to maintain part of the benefits obtained
during the intervention. This effect could be especially detri-
mental in those skills that better matched the training, as
reflected by the difficulty to maintain the gains in the Limits
of Stability and the FRT; both tests require specific control of
the ankle and hip strategies. A large number of studies have
reported the progress of individuals post-stroke months and
even years after the onset. Although some contradictory
reports exist, a great body of research reveals that clinical
deterioration is common after discharge of rehabilitation,
not only with regards to dependency (38), but also to func-
tion (39). However, literature about the maintenance of
gains when returning to a physical therapy program after a
specific intervention is more limited, especially in virtual
reality-based interventions, where few empirical studies
exist (21,40). Our results might reflect an overall increased
difficulty in maintaining specific body function and

structural improvements in the very chronic stages, while
evidencing a preserved capability to retain the improvement
in global balance.

Limitations

First, although the number of participants is comparable and
even higher to similar interventions, it can be considered
small. However, the similarity of the three groups on other
variables, demographic or clinical, supports that time because
injury could be a determining factor for improvement and
maintenance of gains. Second, the specificity of the visual
feedback-based intervention could restrict extrapolation to
the results to other interventions. Third, follow-up assessment
was at one month after the intervention making long-term
effects of the intervention unknown. Finally, the design of our
study precludes specific identification of the source of
improvement. Consequently, it is not possible to discern
whether the improvement was caused by the intervention
itself, by the change of intervention, or by both.

Clinical implications

The results of this study may have several implications for the
clinical practice. First, the data provide evidence that persons post-
stroke are able to improve their balance even at chronic stages. In
line with previous work, this questions the existence of a ceiling
effect in the rehabilitation of functional deficits after stroke (3). As
a great percentage of stroke survivors will present motor deficits
throughout their lifetime, and reduced balance is common follow-
ing stroke, negatively impacting independence and safety (41), the
findings presented here raise the important question of when
patients should be discharged from neurorehabilitation programs.
Our results presented as well as previous literature (10–21), argue
that a serious proportion of the discharges are in response to
economic factors or resources rather than to rehabilitation cri-
teria, resulting in some individuals not be receiving sufficient
rehabilitation to reach their full recovery potential (42).

Second, as persons in the most chronic phase post-stroke
did not maintain the gains from the program, one might
speculate that they may need training of greater duration or
greater dose than those who are less chronic. Third, although
it is not possible to determine if the change from conventional
to a visual feedback-based program was the source of
improvement in our study, the change of intervention has
been suggested to promote motor improvement in individuals
who had plateaued (3). Different studies have corroborated
the efficacy of novel rehabilitation interventions in this con-
dition (43,44). Our results support the temporary use of
intensive virtual reality-based balance training to overcome
the plateau in the motor recovery promoted by conventional
physical therapy in chronic individuals.

Finally, our results suggest that the chronic state post-
stroke should be understood as a continuum rather than a
single unchanging phase. Research should focus on scrutiniz-
ing the range of time post-stroke as there may be groups of
chronic subjects (as was the case in this study) that respond
differently.
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Conclusions

Our results suggest that time since injury restricts, but does
not prevent, the efficacy of physical interventions on balance
and postural control and, over all, the maintenance of func-
tional improvements in specific skills. However, despite these
limitations, the improvement experienced by all the partici-
pants and the maintenance of gains in the global balance
condition support the inclusion of individuals with chronic
stroke in balance rehabilitation programs.

Acknowledgments

The authors thank the staff and patients of the Hospital NISA Valencia al
Mar (Valencia, Spain) and Instituto Valenciano de Acción Social
(Valencia, Spain).

Declaration of interest

The authors report no declarations of interest

Funding

This work was supported by Universitat Politècnica de València (Grant
PAID-10-16).

References

1. Pekna M, Pekny M, Nilsson M. Modulation of neural plasticity as
a basis for stroke rehabilitation. Stroke. 2012;43(10):2819–28.
doi:10.1161/STROKEAHA.112.654228.

2. Teasell R, Hussein N. General concepts: therapies for rehabilita-
tion and recovery. In: Ovbiagele B, editor. Ischemic stroke ther-
apeutics: A comprehensive guide. Cham: Springer International
Publishing; 2016. p. 195–201.

3. Page SJ, Gater DR, Bach-y-Rita P. Reconsidering the motor recov-
ery plateau in stroke rehabilitation. Arch Phys Med Rehabil.
2004;85(8):1377–81. doi:10.1016/j.apmr.2003.12.031.

4. Balasch IBM, Balasch IPS, Noe Sebastian E, Duenas Moscardo L,
Ferri Campos J, Lopez-Bueno L. Study of the recovery patterns of
elderly subacute stroke patients in an interdisciplinary neuroreh-
abilitation unit. J Stroke Cerebrovasc Dis. 2015;24(10):2213–18.
doi:10.1016/j.jstrokecerebrovasdis.2015.05.014.

5. Maulden SA, Gassaway J, Horn SD, Smout RJ, DeJong G. Timing
of initiation of rehabilitation after stroke. Arch Phys Med Rehabil.
2005;86(12 Suppl 2):S34–S40. doi:10.1016/j.apmr.2005.08.119.

6. Paolucci S, Antonucci G, Grasso MG, Morelli D, Troisi E, Coiro
P, Bragoni M. Early versus delayed inpatient stroke rehabilitation:
A matched comparison conducted in italy. Arch Phys Med
Rehabil. 2000;81(6):695–700. doi:10.1016/S0003-9993(00)90095-9.

7. Cassidy JM, Cramer SC. Spontaneous and therapeutic-induced
mechanisms of functional recovery after stroke. Transl Stroke Res.
2017;8(1):33–46. doi: 10.1007/s12975-016-0467-5.

8. Gauthier LV, Taub E, Perkins C, Ortmann M, Mark VW, Uswatte
G. Remodeling the brain: plastic structural brain changes pro-
duced by different motor therapies after stroke. Stroke. 2008;39
(5):1520–25. doi:10.1161/STROKEAHA.107.502229.

9. Yin D, Luo Y, Song F, Xu D, Peterson BS, Sun L, Men W, Yan X,
Fan M. Functional reorganization associated with outcome in
hand function after stroke revealed by regional homogeneity.
Neuroradiology. 2013;55(6):761–70. doi:10.1007/s00234-013-
1146-9.

10. Weiss A, Suzuki T, Bean J, Fielding RA. High intensity strength
training improves strength and functional performance after

stroke. Am J Phys Med Rehabil. 2000;79(4):369–76. quiz 391-4.
doi:10.1097/00002060-200007000-00009.

11. Eng JJ, Chu KS, Kim CM, Dawson AS, Carswell A, Hepburn KE.
A community-based group exercise program for persons with
chronic stroke. Med Sci Sports Exerc. 2003;35(8):1271–78.
doi:10.1249/01.MSS.0000079079.58477.0B.

12. Mount J, Bolton M, Cesari M, Guzzardo K, Tarsi J Jr. Group
balance skills class for people with chronic stroke: a case series. J
Neurol Phys Ther. 2005;29(1):24–33. doi:10.1097/01.
NPT.0000282259.81949.0e.

13. Yang YR, Wang RY, Lin KH, Chu MY, Chan RC. Task-oriented
progressive resistance strength training improves muscle strength
and functional performance in individuals with stroke. Clin
Rehabil. 2006;20(10):860–70. doi:10.1177/0269215506070701.

14. Fritz SL, Pittman AL, Robinson AC, Orton SC, Rivers ED. An
intense intervention for improving gait, balance, and mobility for
individuals with chronic stroke: a pilot study. J Neurol Phys Ther.
2007;31(2):71–76. doi:10.1097/NPT.0b013e3180674a3c.

15. Macko RF, Benvenuti F, Stanhope S, Macellari V, Taviani A, Nesi
B, Weinrich M, Stuart M. Adaptive physical activity improves
mobility function and quality of life in chronic hemiparesis. J
Rehabil Res Dev. 2008;45(2):323–28. doi:10.1682/
JRRD.2007.02.0025.

16. Lee SW, Shin DC, Song CH. The effects of visual feedback train-
ing on sitting balance ability and visual perception of patients
with chronic stroke. J Phys Ther Sci. 2013;25(5):635–39.
doi:10.1589/jpts.25.635.

17. Tsaklis PV, Grooten WJ, Franzen E. Effects of weight-shift train-
ing on balance control and weight distribution in chronic stroke: a
pilot study. Top Stroke Rehabil. 2012;19(1):23–31. doi:10.1310/
tsr1901-23.

18. Gil-Gomez JA, Llorens R, Alcaniz M, Colomer C. Effectiveness of
a wii balance board-based system (ebavir) for balance rehabilita-
tion: a pilot randomized clinical trial in patients with acquired
brain injury. J Neuroeng Rehabil. 2011;8:30. doi:10.1186/1743-
0003-8-30.

19. Llorens R, Albiol S, Gil-Gómez J-A, Alcañiz M, Colomer C, Noé
E. Balance rehabilitation using custom-made wii balance board
exercises: clinical effectiveness and maintenance of gains in an
acquired brain injury population. Int J Disabil Hum Dev. 2014;13
(3):327–32. doi:10.1515/ijdhd-2014-0323.

20. Llorens R, Gil-Gomez JA, Alcaniz M, Colomer C, Noe E.
Improvement in balance using a virtual reality-based stepping
exercise: a randomized controlled trial involving individuals with
chronic stroke. Clin Rehabil. 2015;29(3):261–68. doi:10.1177/
0269215514543333.

21. Llorens R, Noe E, Colomer C, Alcaniz M. Effectiveness, usability,
and cost-benefit of a virtual reality-based telerehabilitation pro-
gram for balance recovery after stroke: a randomized controlled
trial. Arch Phys Med Rehabil. 2015;96(3):418–425 e2. doi:10.1016/
j.apmr.2014.10.019.

22. Dromerick AW, Edwardson MA, Edwards DF, Giannetti ML,
Barth J, Brady KP, Chan E, Tan MT, Tamboli I, Chia R, et al.
Critical periods after stroke study: translating animal stroke recov-
ery experiments into a clinical trial. Front Hum Neurosci.
2015;9:231. doi:10.3389/fnhum.2015.00231.

23. Geiger RA, Allen JB, O’Keefe J, Hicks RR. Balance and mobility
following stroke: effects of physical therapy interventions with and
without biofeedback/forceplate training. Phys Ther. 2001;81
(4):995–1005.

24. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res. 1975;12(3):189–98. doi:10.1016/0022-
3956(75)90026-6.

25. Romero M, Sanchez A, Marin C, Navarro MD, Ferri J, Noe E.
Clinical usefulness of the spanish version of the mississippi apha-
sia screening test (mastsp): validation in stroke patients.
Neurologia. 2012;27(4):216–24. doi:10.1016/j.nrl.2011.06.006.

26. Llorens R, Latorre J, Noe E, Keshner EA. Posturography using the
wii balance board: a feasibility study with healthy adults and

6 R. LLORENS ET AL.

D
ow

nl
oa

de
d 

by
 [

37
.1

33
.1

88
.4

1]
 a

t 0
0:

57
 2

7 
D

ec
em

be
r 

20
17

 

https://doi.org/10.1161/STROKEAHA.112.654228
https://doi.org/10.1016/j.apmr.2003.12.031
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.05.014
https://doi.org/10.1016/j.apmr.2005.08.119
https://doi.org/10.1016/S0003-9993(00)90095-9
https://doi.org/10.1007/s12975-016-0467-5
https://doi.org/10.1161/STROKEAHA.107.502229
https://doi.org/10.1007/s00234-013-1146-9
https://doi.org/10.1007/s00234-013-1146-9
https://doi.org/10.1097/00002060-200007000-00009
https://doi.org/10.1249/01.MSS.0000079079.58477.0B
https://doi.org/10.1097/01.NPT.0000282259.81949.0e
https://doi.org/10.1097/01.NPT.0000282259.81949.0e
https://doi.org/10.1177/0269215506070701
https://doi.org/10.1097/NPT.0b013e3180674a3c
https://doi.org/10.1682/JRRD.2007.02.0025
https://doi.org/10.1682/JRRD.2007.02.0025
https://doi.org/10.1589/jpts.25.635
https://doi.org/10.1310/tsr1901-23
https://doi.org/10.1310/tsr1901-23
https://doi.org/10.1186/1743-0003-8-30
https://doi.org/10.1186/1743-0003-8-30
https://doi.org/10.1515/ijdhd-2014-0323
https://doi.org/10.1177/0269215514543333
https://doi.org/10.1177/0269215514543333
https://doi.org/10.1016/j.apmr.2014.10.019
https://doi.org/10.1016/j.apmr.2014.10.019
https://doi.org/10.3389/fnhum.2015.00231
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1016/j.nrl.2011.06.006


adults post-stroke. Gait Posture. 2016;43:228–32. doi:10.1016/j.
gaitpost.2015.10.002.

27. Berg K, Wood-Dauphinee S, Williams JI. The balance scale: relia-
bility assessment with elderly residents and patients with an acute
stroke. Scand J Rehabil Med. 1995;27(1):27–36.

28. Duncan PW, Weiner DK, Chandler J, Studenski S. Functional
reach: a new clinical measure of balance. J Gerontol. 1990;45(6):
M192–M197. doi:10.1093/geronj/45.6.M192.

29. Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a
measure of lower body strength in community-residing older
adults. Res Q Exercise Sport. 1999;70(2):113–19. doi:10.1080/
02701367.1999.10608028.

30. Hill KD, Bernhardt J, McGann AM, Maltese D, Berkovits D. A
new test of dynamic standing balance for stroke patients: relia-
bility, validity and comparison with healthy elderly. Physiother
Can. 1996;48(4):257–62. doi:10.3138/ptc.48.4.257.

31. Zaino CA, Marchese VG, Westcott SL. Timed up and down stairs
test: preliminary reliability and validity of a new measure of
functional mobility. Pediatr Phys Ther. 2004;16(2):90–98.
doi:10.1097/01.PEP.0000127564.08922.6A.

32. Podsiadlo D, Richardson S. The timed “up & go”: A test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc.
1991;39(2):142–48. doi:10.1111/j.1532-5415.1991.tb01616.x.

33. Bohannon RW, Andrews AW, Thomas MW. Walking speed:
reference values and correlates for older adults. J Orthop Sports
Phys Ther. 1996;24(2):86–90. doi:10.2519/jospt.1996.24.2.86.

34. Cho K, Lee K, Lee B, Lee H, Lee W. Relationship between postural
sway and dynamic balance in stroke patients. J Phys Ther Sci.
2014;26(12):1989–92.

35. Gagnon D, Nadeau S, Tam V. Ideal timing to transfer from an
acute care hospital to an interdisciplinary inpatient rehabilitation
program following a stroke: an exploratory study. BMC Health
Serv Res. 2006;6:151. doi:10.1186/1472-6963-6-151.

36. Myint JM, Yuen GF, Tk Y, Kng CP, Wong AM, Chow KK, Hc L,
Chun PW. A study of constraint-induced movement therapy in

subacute stroke patients in hong kong. Clin Rehabil. 2008;22
(2):112–24. doi:10.1177/0269215507080141.

37. Page SJ, Sisto S, Levine P, McGrath RE. Efficacy of modified
constraint-induced movement therapy in chronic stroke: a
single-blinded randomized controlled trial. Arch Phys-
Med Rehabil. 2004;85(1):14–18. doi:10.1016/S0003-9993(03)0
0481-7.

38. Ullberg T, Zia E, Petersson J, Norrving B. Changes in functional
outcome over the first year after stroke: an observational study
from the swedish stroke register. Stroke. 2015;46(2):389–94.
doi:10.1161/STROKEAHA.114.006538.

39. Clanchy KM, Tweedy SM, Trost SG. Evaluation of a physical
activity intervention for adults with brain impairment: a con-
trolled clinical trial. Neurorehabil Neural Repair. 2016;30:854–
65. doi:10.1177/1545968316632059.

40. Colomer C, Llorens R, Noe E, Alcaniz M. Effect of a mixed
reality-based intervention on arm, hand, and finger function on
chronic stroke. J Neuroeng Rehabil. 2016;13(1):45. doi:10.1186/
s12984-016-0153-6.

41. Geurts AC, de Haart M, van Nes IJ, Duysens J. A review of
standing balance recovery from stroke. Gait Posture. 2005;22
(3):267–81. doi:10.1016/j.gaitpost.2004.10.002.

42. Lang CE, MacDonald JR, Gnip C. Counting repetitions: an obser-
vational study of outpatient therapy for people with hemiparesis
post-stroke. J Neurol Phys Ther. 2007;31(1):3–10. doi:10.1097/01.
NPT.0000260568.31746.34.

43. Whitall J, McCombe Waller S, Silver KH, Macko RF. Repetitive
bilateral arm training with rhythmic auditory cueing improves
motor function in chronic hemiparetic stroke. Stroke. 2000;31
(10):2390–95. doi:10.1161/01.STR.31.10.2390.

44. Hesse S, Schulte-Tigges G, Konrad M, Bardeleben A, Werner C.
Robot-assisted arm trainer for the passive and active practice of
bilateral forearm and wrist movements in hemiparetic subjects.
Arch Phys Med Rehabil. 2003;84(6):915–20. doi:10.1016/S0003-
9993(02)04954-7.

BRAIN INJURY 7

D
ow

nl
oa

de
d 

by
 [

37
.1

33
.1

88
.4

1]
 a

t 0
0:

57
 2

7 
D

ec
em

be
r 

20
17

 

https://doi.org/10.1016/j.gaitpost.2015.10.002
https://doi.org/10.1016/j.gaitpost.2015.10.002
https://doi.org/10.1093/geronj/45.6.M192
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.1080/02701367.1999.10608028
https://doi.org/10.3138/ptc.48.4.257
https://doi.org/10.1097/01.PEP.0000127564.08922.6A
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.2519/jospt.1996.24.2.86
https://doi.org/10.1186/1472-6963-6-151
https://doi.org/10.1177/0269215507080141
https://doi.org/10.1016/S0003-9993(03)00481-7
https://doi.org/10.1016/S0003-9993(03)00481-7
https://doi.org/10.1161/STROKEAHA.114.006538
https://doi.org/10.1177/1545968316632059
https://doi.org/10.1186/s12984-016-0153-6
https://doi.org/10.1186/s12984-016-0153-6
https://doi.org/10.1016/j.gaitpost.2004.10.002
https://doi.org/10.1097/01.NPT.0000260568.31746.34
https://doi.org/10.1097/01.NPT.0000260568.31746.34
https://doi.org/10.1161/01.STR.31.10.2390
https://doi.org/10.1016/S0003-9993(02)04954-7
https://doi.org/10.1016/S0003-9993(02)04954-7

	Abstract
	Introduction
	Materials and methods
	Participants
	Intervention protocol
	Statistical analysis

	Results
	Participants
	Posturographic assessment
	Clinical scales and tests

	Discussion
	Time since injury does not prevent improvement
	Time since injury limits the improvement
	Time since injury limits the maintenance of gains
	Limitations
	Clinical implications

	Conclusions
	Acknowledgments
	Declaration of interest
	Funding
	References

