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(2) combining previous data, only a paucity of evidence 
has been found to support the presence of hemi-neglect 
as a key predictor of functional recovery after stroke. 
In a recent study, hemi-spatial neglect without other 
cognitive impairments was not found to be a significant 
predictor for regaining independent gait (17). 

Future studies should take the many confounding 
factors (14, 18) and measurement limitations (2) into 
account. As there are wide-ranging differences in the 
amount and rate of functional recovery among stroke 
survivors with and without neglect during the initial 
months after stroke onset (19), the relationship between 
neglect and functional recovery post-stroke warrants 
further investigation (2). In addition, research using 
standardized (20), quantitative, validated and sensitive 
measures (1), and especially studies on patients with 
left hemisphere stroke and neglect are needed (20). 

The aims of this study were to extend previous 
research on the consequences of spatial neglect on 
rehabilitation outcomes and, especially, to examine 
the possible effect of stroke laterality. The objective 
of this study was to investigate to what extent the pre-
sence of contralateral spatial neglect is associated with 
functional recovery in right compared with left stroke.

PATIENTS AND METHODS

This is an observational cohort study. Patients and methods, 
including the division of the participants into 4 subgroups, their 
background information, demographic and admission clinical 
variables, including the presence and severity of neglect, have 
been described in part 1 of this study (21). 
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LAY ABSTRACT
Mild contralateral spatial neglect (inattention) did not 
impair recovery of patients after right or left stroke, 
but rehabilitants with neglect were more disabled and 
needed longer rehabilitation than those without neg-
lect. At discharge from rehabilitation, overall disability 
did not differ significantly between right and left stroke 
rehabilitants with neglect, but those with left stroke had 
more problems in cognitive-communicative ability. Re-
habilitants with neglect, irrespective of stroke side, had 
higher motor, cognitive and overall disability and were 
more often institutionalized than those without neglect. 

Objective: To compare to what extent the presence 
of contralateral spatial neglect affects functional re-
covery and outcome among patients with right or 
left stroke after subacute inpatient rehabilitation. 
Methods: Observational cohort study comparing fun-
ctional improvement and outcome. The same admis-
sion data-set was used as in part 1 of this study.
Results: Right and left stroke rehabilitants with 
equally mild neglect and those without neglect (a 
total of 4 subgroups) all improved proportionally as 
much, but those with neglect, irrespective of stroke 
side needed a longer stay in inpatient rehabilitation. 
At discharge, total disability did not differ signifi-
cantly between the 2 neglect subgroups, but those 
with left stroke had significantly lower Functional 
Independence Measure cognitive sub-score and sco-
re in communication. Rehabilitants with neglect, ir-
respective of stroke side had higher motor, cognitive 
and total disability and were more often institutiona-
lized than those without neglect. 
Conclusion: Mild neglect did not impair recovery af-
ter right or left stroke, but rehabilitants with neglect 
were more disabled and needed a longer rehabilita-
tion inpatient stay than those without neglect. 

Key words: functioning; inpatient; outcome; recovery; suba-
cute rehabilitation; spatial neglect; stroke laterality.
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Hemi-spatial neglect is considered a disabling cog-
nitive syndrome, defined as a failure to attend to 

the contralateral personal, peri- or extra-personal space 
(1). Despite substantial research it is still poorly defi-
ned as a condition per se (2). Hemi-spatial neglect has 
been linked with long hospitalization and slower, more 
attenuated rehabilitation (3–8), poor motor recovery 
(9, 10) and falls (3), poor rehabilitation outcome (3, 6, 
8, 10–15) and reduced likelihood of being discharged 
home (3, 8). More severe neglect has been associated 
with more suppression on the pattern of recovery (9) 
and poor recovery in many domains of activities of 
daily living (ADL) (16). However, on closer scrutiny 
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Functional outcome variables during the rehabilitation and at 
discharge: Functional Independence Measure

The Functional Independence Measure (FIM) was routinely 
performed at admission and discharge (discharge scores in 
Table I) by a rehabilitation nurse qualified to use this outcomes 
management tool. The admission FIM scores (total score, motor 
and cognitive sub-scores, domain and item scores) have been 
described in part 1 of this study (21). A range of outcome scores 
were calculated (Table II), as follows. 

FIM efficiency is the mean change in FIM score per day. 
This statistic is calculated as the mean change in FIM score 
during the rehabilitation, divided by the mean length of stay. 
FIM effectiveness is FIM at discharge minus FIM on admission 
× 100%. Corrected FIM effectiveness is calculated as FIM ef-
fectiveness/(A – FIM on admission), where A is generally taken 
to be 126 points for total FIM score and 91 points for motor 
FIM score. This corrected version of FIM effectiveness corrects 
the ceiling effect present in FIM gain. FIM motor effectiveness 
with advanced correction corrects for both floor and ceiling 
effects and is calculated so that motor FIM effectiveness is 
approximately 0.65, whereupon A varies, being 42, 64, 79, 83, 
87, 89, or 91 points when the admission FIM motor sub-score 
is 13–18, 19–24, 25–30, 31–36, 37–42, 43–48, or 49–90 points, 
respectively (22, 23). 

In addition, the number of falls and near-fall incidents during 
the stay were calculated. Prior to onset of this study in 2015, a 
fall prevention programme, including comprehensive electronic 
reporting of all fall and near-fall events, was implemented. A fall 
was defined as an event that resulted in a person coming to rest 
inadvertently on the ground or another level and other than a 
consequence of sustaining a violent blow, loss of consciousness, 
sudden onset of paralysis, such as stroke or an epileptic seizure 
(24). A near fall was defined as a major stumble event or loss of 
balance reported by a staff member, that would have resulted 
in a fall if sufficient recovery mechanisms were not activated 
(25) or assistance given by another person. 

Other scales besides FIM at discharge:

A neurologist assessed the modified Rankin Scale (mRS) score 
and the World Health Organization (WHO) minimal generic 
data-set covering functioning and health, aiming at assessing 
functioning in a simple validated way. 

The mRS (Table I) is a simple tool used for measuring 
disability or dependence of neurological and stroke patients, 
encompassing levels from 0 to 5: “independent patients with 
no residual symptoms” to “dependent patients who require 
continuous care” (level 6 denoting death) (26).

The WHO minimal generic data-set (Table I) consists of 
7 domains: energy and drive functions, emotional functions, 
sensation of pain, carrying out daily routine, walking, moving 
around, and remunerative employment. Each item is scored 0–4 
(no, mild, moderate, severe or total/extreme difficulty), the sum 
score ranging from 0 to 28 (27). 

The participants signed a written informed consent. The 
same data-set was used in part 1 of this study (21). Some of 
the participants were also included in a previous study (31).

The ethics committee of the University of Turku and Turku 
University Hospital approved the study (19.5.2015, 73/2015). 
The ethical standards of the World Medical Association Helsinki 
Declaration of 1975, revised in 1983, were followed.
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Significance of contralateral spatial neglect on outcome p. 3 of 6

Statistical analysis

Categorical variables were described using frequencies and percentages 
and, for continuous variables, medians with range of values and 25th and 
75th percentiles (interquartile range; IQR) were used. The comparisons 
between the 4 subgroups for continuous variables were carried out using 
the non-parametric Kruskal–Wallis test and for pairwise comparisons 
Mann–Whitney U test with Bonferroni correction was used. Differ-
ence on Hodges-Lehmann estimate for median difference was used. 
With categorical variables between-group comparisons were assessed 
with χ2 test, or, in the case of small cell frequencies, Fisher’s exact 
test. Spearman’s correlation coefficient was used to test the correlation 
between Catherine Bergego Scale (CBS) score (varying from 0 to 29) 
and measures of functioning at discharge. Correlations of 0–0.29 were 
considered weak, 0.30–0.49 moderate, 0.50–0.69 strong, and 0.70–1.00 
very strong. p-values below 0.05 (2-tailed) were considered statistically 
significant.  Statistical analyses were performed using SAS 9.4 for 
Windows (SAS Institute Inc., Cary, NC, USA). 

RESULTS

Demographic data, clinical characteristics and functioning of 
the 4 subgroups at admission to rehabilitation are described 
in part 1 of this study (21). Outcome measures at discharge 
from rehabilitation with significant between-group differen-
ces are shown in Table I. 

At discharge, FIM cognitive sub-score and score in 
communication were lower in left than in right stroke with 
neglect, but otherwise no significant differences were found 
in FIM, mRS or the WHO minimal generic data-set scores 
or institutionalization between the 2 subgroups with neglect. 
Rehabilitants with neglect, irrespective of stroke side had 
lower FIM total score, motor and cognitive sub-score and 
higher disability assessed with the other instruments (mRS 
and the WHO minimal generic data-set), and they were more 
often institutionalized than those without neglect (Table I). 

FIM efficiency and corrected motor effectiveness were 
higher in left stroke rehabilitants with neglect compared 
with those without neglect. Effectiveness was higher and 
length of stay longer in the subgroups with neglect than in 
those without, but total corrected effectiveness and motor 
effectiveness with advanced correction did not differ signi-
ficantly between the 4 subgroups. Most falls and near-falls 
were found in those with neglect (Table II).

When comparing functional improvement of all reha-
bilitants with neglect (n = 126) with those without neglect 
(n = 47), FIM efficiency (median, IQR; range) was 0.354 
(0.111, 0.600; –1.0 to 1.590) vs 0.167 (0.0, 0.348; –0.286 
to 1.313), p = 0.0047, FIM effectiveness% 14.946 (3.077, 
36.471; –25.0 to 150.0) vs 2.609 (0.0, 7.576; –4.082 to 
28.571), p < 0.0001, and corrected FIM total effectiveness 
0.273 (0.083, 0.591; –0.390 to 0.929) vs 0.282 (0.0, 0.450; 
–0.167 to 1.0), p = 0.2185, respectively. 

Spearman correlations between neglect severity at admis-
sion (CBS score range 0–29, median 3, n = 173) and level of 
functioning and dependence at discharge of rehabilitation 
(FIM total, motor and cognitive, mRS, and the WHO mini- T
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mal generic data-set) in those with right (n = 69) and 
left (n = 104) stroke are shown in Table III. Moderate 
to strong correlations were found.

DISCUSSION

Research aiming at comparing functional recovery and 
outcome between right and left stroke patients with 
neglect has been lacking. In this study, no significant 
differences were found in daily gain or motor or overall 
improvement during the entire rehabilitation in-stay 
between right and left stroke subgroups with equally 
mild neglect. These 2 subgroups were comparable, 
since time from stroke onset to admission and length 
of stay in rehabilitation were similar. At discharge, 
rehabilitants with left stroke had higher cognitive-
communicative disability, but no significant differences 
were found in motor or overall disability between the 
2 neglect subgroups. 

In the only previous study primarily aiming at com-
paring functioning between populations with unilateral 
left or right hemi-neglect, left neglect was found to 
be more frequent and severe than right, while motor 
and cognitive functioning (cognitive ability, com-
munication, motor strength, mobility, and self-care) 
were largely equal in these 2 groups at admission and 
discharge. Physical independence at admission was 
similar in rehabilitants with left, right and no neglect; 
however, at discharge equal in the 2 neglect groups, but 
lower than in the no neglect group. The equal improve-
ment in the 2 neglect groups is in accordance with our 
results. In our population, however, the rehabilitants 
with mild neglect, whether in connection with right or 
left stroke, reached proportionally the same level of 
recovery as those without neglect, but they needed a 
longer rehabilitation in-stay to accomplish the result. 
Our results cannot be directly compared with this past 
retrospective research because of several differences in 
the populations studied; in the previous study, 29% of 
the 31 rehabilitants with right and 53 with left hemi-
neglect had ipsilateral or bilateral neglect compared 

with our population with only contralateral lesions, 
the left-sided neglect was more severe than in our po-
pulation, length of stay was not reported, and patients 
with problems in understanding were excluded (10). 

Previous studies on neglect have concentrated on 
comparing patients with and without neglect, especially 
in association with right stroke. In our population, those 
with neglect, especially the most disabled left stroke sub-
group, had a higher improvement rate (FIM efficiency) 
and overall recovery (effectiveness) than those without 
neglect. However, when considering the significant 
differences in admission functional level between the 
4 subgroups, the overall improvement (corrected FIM 
effectiveness) was largely similar in all subgroups, but 
those with neglect needed a more lengthy hospitaliza-
tion to reach the goal. The mean time from stroke onset 
was equal in all 4 subgroups allowing comparisons. At 
discharge, despite the lengthy rehabilitation the rehabi-
litants with neglect were still more disabled, had more 
restrictions in several motor and cognitive domains and 
in ADL, more falls, and were more often institutionali-
zed or needed assistance at home.

Interestingly, in a recent retrospective study inclu-
ding 27 rehabilitants with unilateral neglect and 33 with 
no neglect, those with right or left stroke and neglect 
had similar FIM effectiveness scores, but lower than 
rehabilitants without neglect. The mean length of stay 
was significantly longer than in our study, but a higher 
initial CBS score predicted a shorter length of stay (for 
those institutionalized), which reduces effectiveness in 
the neglect groups. In addition, the admission neglect 
severity was higher in both right and left stroke groups 
than in our population. Comparisons are also difficult 
because their results were not corrected for functional 
level (in the current study corrected effectiveness was 
calculated), and in multiple regression analysis the 
rehabilitants with right and left stroke were combined 
(28). It is noteworthy that most of our patients (54.3%) 
had mild neglect at admission, significantly fewer mo-
derate (11.6%), severe (6.9%) or no neglect (27.2%). 
Irrespective of stroke side, the correspondence of 
neglect severity with other measures of functioning 
(activities and body functions) at discharge was mo-
derate to strong. This is in agreement with previous 
findings of a correlation between neglect severity and 
NIHSS or FIM (13, 14, 29).

Our findings of more severe disability, attenuated 
rehabilitation stay, falls and greater need for service 
after discharge are largely in agreement with previous 
findings among patients with neglect compared with 
those without, based on studies in populations with 
right stroke (4, 5, 11, 13, 30, 31) or in mixed popu-
lations with stroke on either side (3, 16). In subacute 
rehabilitation, functional gain and rate of improvement 

Table III. Spearman’s correlation coefficients between admission 
neglect severity and measures of functioning at discharge

CBS 0–29

Right stroke 
(n = 69)

Left stroke 
(n = 104)

FIM total –0.58**** –0.59****
  Motor –0.57**** –0.57****
  Cognitive –0.37** –0.43****
  Dependence level –0.47**** –0.54****
Modified Rankin scale   0.46****   0.54****
WHO minimal generic data-set   0.58****   0.56****

*p > 0.05, **p <0.01, ***p <0.001,****p <0.0001, ns: not significant. 
CBS: Catherine Bergego Scale; FIM: Functional Independence Measure; WHO: 
World Health Organization 

www.medicaljournals.se/jrm
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has been reported to be lower in those with neglect 
(30), and even lower in those with more severe neg-
lect (3, 13). With worse (3, 4) or comparable (5, 10) 
admission functional capacity those with neglect have 
been found to progress more slowly. Specific neglect 
treatment has been shown to enhance recovery, but the 
functional gain was still lower and prognosis worse 
compared with those without neglect (30). On the 
contrary, a similar gain and rate of improvement has 
been found in patients with right stroke and neglect 
compared with those without neglect, in spite of the 
lower admission functional status (31) as in the current 
study in the right stroke subgroups. Even a higher total 
gain has been reported in rehabilitants with neglect 
compared with those without in a population with right 
stroke (6) or in a mixed population with either right or 
left stroke (32), but the patients with neglect needed a 
longer stay in rehabilitation. This might have been the 
case also in our population if the in-stay of rehabilitants 
with neglect would have been even longer.

Limitations
There are some limitations to this study. The number 
of participants was limited, even if adequate for the 
purpose of the study. The study was conducted in only 
1 facility; thus, the results may not be representative of 
all in-patient stroke rehabilitants or stroke survivors in 
general. A long-term follow-up was not performed, so 
the current study cannot predict the prognostic role of 
neglect after the subacute rehabilitation phase. Because 
of limited rehabilitation ward capacity, some patients 
were transferred to a general ward with rehabilitation 
recommendations, with the aim of a possible community 
discharge some weeks later, and were not followed in 
this study. When comparing the results of the current 
study with those of studies using conventional paper 
and pencil tests to assess neglect, the current population 
probably includes more rehabilitants with mild neglect, 
as the functional assessment used in the current study is 
more sensitive to detect neglect. FIM may not capture 
all consequences of neglect, but it has been widely used 
and accepted as a tool that evaluates functional ability 
throughout the rehabilitation process. In addition, we 
did use other validated instruments and no data were 
missing despite the large number of variables in this 
prospective study. 

Conclusion
Mild neglect did not impair recovery in patients with 
right or left stroke, but rehabilitants with neglect were 
more disabled and they needed a longer rehabilitation 
in-stay to reach the same functional improvement as 
those without neglect. 

The authors have no conflicts of interest to declare.

REFERENCES

1.	Azouvi P, Bartolomeo P, Beis JM, Perennou D, Pradat-Diehl 
P, Rousseaux M. A battery of tests for the quantitative 
assessment of unilateral neglect. Restor Neurol Neurosci 
2006; 24: 273–285.

2.	Stein MS, Kilbride C, Reynolds FA. What are the functio-
nal outcomes of right hemisphere stroke patients with or 
without hemi-inattention complications? A critical narra-
tive review and suggestions for further research. Disabil 
Rehabil 2016; 38: 315–328.

3.	Chen P, Hreha K, Kong Y, Barrett AM. Impact of spatial 
neglect on stroke rehabilitation: evidence from the set-
ting of an inpatient rehabilitation facility. Arch Phys Med 
Rehabil 2015; 96: 1458–1466.

4.	Katz N, Hartman-Maeir A, Ring H, Soroker N. Functional 
disability and rehabilitation outcome in right hemisphere 
damaged patients with and without unilateral spatial neg-
lect. Arch Phys Med Rehabil 1999; 80: 379–384.

5.	Gillen R, Tennen H, McKee T. Unilateral spatial neglect: 
relation to rehabilitation outcomes in patients with right 
hemisphere stroke. Arch Phys Med Rehabil 2005; 86: 
763–767.

6.	Spaccavento S, Cellamare F, Falcone R, Loverre A, Nardulli 
R. Effect of subtypes of neglect on functional outcome in 
stroke patients. Ann Phys Rehabil Med 2017; 60: 376–381.

7.	Kalra L, Smith DH, Crome P. Stroke in patients aged over 
75 years: outcome and predictors. Postgrad Med J 1993; 
69: 33–36.

8.	Hammerbeck U, Gittins M, Vail A, Paley L, Tyson SF, Bowen 
A. spatial neglect in stroke: identification, disease process 
and association with outcome during inpatient rehabilita-
tion. Brain Sci 2019; 9: E374.

9.	Nijboer TC, Kollen BJ, Kwakkel G. The impact of recovery 
of visuo-spatial neglect on motor recovery of the upper 
paretic limb after stroke. PloS One 2014; 9: e100584.

10.	Ten Brink AF, Verwer JH, Biesbroek JM, Visser-Meily JMA, 
Nijboer TCW. Differences between left- and right-sided 
neglect revisited: a large cohort study across multiple 
domains. J Clin Exp Neuropsychol 2017; 39: 707–723.

11.	Buxbaum LJ, Ferraro MK, Veramonti T, Farne A, Whyte J, 
Ladavas E, et al. Hemispatial neglect: Subtypes, neuroa-
natomy, and disability. Neurology 2004; 62: 749–756.

12.	Chen P, Chen CC, Hreha K, Goedert KM, Barrett AM. Kes-
sler Foundation Neglect Assessment Process uniquely 
measures spatial neglect during activities of daily living. 
Arch Phys Med Rehabil 2015; 96: 869–876.

13.	Cherney LR, Halper AS, Kwasnica CM, Harvey RL, Zhang 
M. Recovery of functional status after right hemisphere 
stroke: relationship with unilateral neglect. Arch Phys Med 
Rehabil 2001; 82: 322–328.

14.	Di Monaco M, Schintu S, Dotta M, Barba S, Tappero R, 
Gindri P. Severity of unilateral spatial neglect is an inde-
pendent predictor of functional outcome after acute in-
patient rehabilitation in individuals with right hemispheric 
stroke. Arch Phys Med Rehabil 2011; 92: 1250–1256.

15.	Meyer MJ, Pereira S, McClure A, Teasell R, Thind A, Koval 
J, et al. A systematic review of studies reporting mul-
tivariable models to predict functional outcomes after 
post-stroke inpatient rehabilitation. Disabil Rehabil 2015; 
37: 1316–1323.

16.	Nijboer T, van de Port I, Schepers V, Post M, Visser-Meily 
A. Predicting functional outcome after stroke: the influence 
of neglect on basic activities in daily living. Front Hum 
Neurosci 2013; 7: 182.

17.	Kimura Y, Yamada M, Ishiyama D, Nishio N, Kunieda Y, 
Koyama S, et al. Impact of unilateral spatial neglect with 
or without other cognitive impairments on independent 

J Rehabil Med 52, 2020



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

S. Tarvonen-Schröder et al.p. 6 of 6

Arch Phys Med Rehabil 2006; 87: 1583–1589.
25.	Ashburn A, Hyndman D, Pickering R, Yardley L, Harris S. 

Predicting people with stroke at risk of falls. Age Ageing 
2008; 37: 270–276.

26.	Kasner SE. Clinical interpretation and use of stroke scales. 
Lancet Neurology 2006; 5: 603–612.

27.	Cieza A, Oberhauser C, Bickenbach J, Chatterji S, Stucki G. 
Towards a minimal generic set of domains of functioning 
and health. BMC Public Health 2014; 14: 218.

28.	Tsujimoto K, Mizuno K, Kobayashi Y, Tanuma A, Liu M. 
Right as well as left unilateral spatial neglect influences 
rehabilitation outcomes and its recovery is important for 
determining discharge destination in subacute stroke 
patients. Eur J Phys Rehabil Medicine 2020; 56: 5–13.

29.	Appelros P, Nydevik I, Karlsson GM, Thorwalls A, Seiger A. 
Recovery from unilateral neglect after right-hemisphere 
stroke. Disabil Rehabil 2004; 26: 471–477.

30.	Paolucci S, Antonucci G, Guariglia C, Magnotti L, Pizzamig-
lio L, Zoccolotti P. Facilitatory effect of neglect rehabilita-
tion on the recovery of left hemiplegic stroke patients: a 
cross-over study. J Neurol 1996; 243: 308–314.

31.	Odell K, Wollack J, Flynn M. Functional outcomes in pa-
tients with right hemisphere brain damage. Aphasiology 
2005; 19: 807–830.

32.	Ring H, Feder M, Schwartz J, Samuels G. Functional mea-
sures of first-stroke rehabilitation inpatients: Usefulness 
of the functional independence measure total score with 
a clinical rationale. Arch Phys Med Rehabil 1997; 78: 
630–635.

gait recovery in stroke survivors. J Rehabil Med 2019; 
51: 26–31.

18.	Gottesman RF, Kleinman JT, Davis C, Heidler-Gary J, 
Newhart M, Kannan V, et al. Unilateral neglect is more se-
vere and common in older patients with right hemispheric 
stroke. Neurology 2008; 71: 1439–1444.

19.	Tarvonen-Schröder S, Matomäki J, Laimi K. Factors as-
sociated with outcomes of inpatient stroke rehabilitation. 
Int J Ther Rehabil 2018; 25: 34–40.

20.	Jehkonen M, Laihosalo M, Kettunen JE. Impact of neglect 
on functional outcome after stroke: a review of methodo-
logical issues and recent research findings. Restor Neurol 
Neurosci 2006; 24: 209–215.

21.	Tarvonen-Schröder S, Niemi T, Koivisto M. Clinical and 
functional differences between right and left stroke with 
and without contralateral spatial neglect. J Rehabil Med 
2020; 52: jrm00072.

22.	Chumney D, Nollinger K, Shesko K, Skop K, Spencer M, 
Newton RA. Ability of Functional Independence Measure 
to accurately predict functional outcome of stroke-specific 
population: systematic review. J Rehabil Res Dev 2010; 
47: 17–29.

23.	Tokunaga M, Nakanishi R, Watanabe S, Maeshiro I, Hyaku-
dome A, Sakamoto K, et al. Corrected FIM effectiveness as 
an index independent of FIM score on admission. Japanese 
J Compr Rehabil Sci 2014; 5: 7–11.

24.	Mackintosh SF, Hill KD, Dodd KJ, Goldie PA, Culham EG. 
Balance score and a history of falls in hospital predict re-
current falls in the 6 months following stroke rehabilitation. 

www.medicaljournals.se/jrm


