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Abstract

Background: A previously shown ‘mismatch’group of patients with good observed upper limb (UL) motor func-
tion but low perceived UL activity at six months post stroke tends to use the affected UL less in daily life than would
be expected based on clinical tests, and this mismatch may also be present at 12 months. We aimed to confirm this
group in another cohort, to investigate the evolution of this group from six to 12 months, and to determine factors
on admission to inpatient rehabilitation and at 6 months that can discriminate between mismatch and good match
groups at 12months.

Methods: Persons after stroke were recruited on rehabilitation admission and re-assessed at six and 12 months.
Observed UL function was measured with the upper extremity subscale of the Fugl-Meyer Assessment (FMA-UE) and
perceived UL activity by the hand subscale of the Stroke Impact Scale 3.0 (SIS-Hand). We defined mismatch as good
observed UL function (FMA-UE > 50/66) but low perceived activity (SIS-Hand<75/100). Potential discriminators at
admission and 6 months (demographic characteristics, stroke characteristics, UL somatosensory function, cognitive
deficits, mental function and activity) were statistically compared for match and mismatch groups at 12 months.

Results: We included 60 participants (female: 42%) with mean (SD) age of 65 (12) years. We confirmed a mismatch
group of 11 (18%) patients at 6 months, which increased to 14 (23%) patients at 12 months. In the mismatch group
compared to the good match group at 12 months, patients had a higher stroke severity and more somatosensory
impairments on admission and at 6 months.

Conclusions: We confirmed a group of patients with good observed UL function but low perceived activity both at
six and at 12 months post stroke. Assessment of stroke severity and somatosensory impairments on admission into
rehabilitation could determine mismatch at 12 months and might warrant intervention. However, large differences
in clinical outcomes between patients in the mismatch group indicate the importance of tailoring training to the
individual needs.

Keywords: Stroke, Upper limb, Outcome

Background
*Correspondence: bea.essers@kuleuven.be Upper limb (UL) motor function is impaired in the
Department of Rehabllltatlgn Sciences, KU Leuven, Tervuursevest 101 majorlty of patients after stroke [1]’ leadmg to difficul-
box 1501, 3001 Leuven, Belgium . . . . . . . .
Full list of author information is available at the end of the article ties in using the UL in daily life and performing daily

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12883-021-02493-1&domain=pdf

Essers et al. BMC Neurology (2021) 21:488

activities [2]. These difficulties remain often present in
the chronic phase after stroke (after 6 months [3]) and
can lead to a lower level of independence [4] and qual-
ity of life [5]. In order to reduce impaired UL function-
ing and its consequences, it is important to assess UL
functioning.

UL functioning, as defined by the World Health
Organization (WHO) in the International Classifica-
tion of Functioning, Disability and Health (ICF) [6], is an
umbrella term for all UL functions, activities and partici-
pation. UL functions can be assessed with observation-
based assessments, whereby the therapist observes and
scores the patient’s function of the UL. Next to these
observation-based assessments, patient-reported out-
comes might add valuable information. Patient-reported
outcomes for the UL reflect how a person subjectively
experiences the level of UL activity in the current envi-
ronment: the perceived UL activity [7].

Despite a strong correlation between this perceived
UL activity and the observed UL function, these meas-
urements are not always congruent. A considerable
group of patients in the acute and subacute phase post
stroke (range: 20-71%) demonstrated a good observed
UL function, but a lower perceived UL activity, this is
referred to as the mismatch group [8—12]. At the begin-
ning of the chronic phase post stroke, this mismatch
group was still present in one of our earlier studies: in
a group of 32 stroke patients at six months post stroke,
one in five showed a good observed UL function but
low perceived UL activity [13]. This mismatch between
good observed UL function but low perceived UL activ-
ity might have implications for the actual daily life UL
activity, or how (much) a patient uses the UL in daily
life [14]. A pre-requisite for a good daily life UL activ-
ity is having a good observed UL function [15-17],
which is fulfilled in the mismatch group. However, this
might not be enough. Patients with good UL function
show a wide variation in daily life UL activity [18, 19]
and improved UL function does not always translate
into improved daily life UL activity [20]. This variation
in daily life UL activity may be linked to the perceived
UL activity. A lower perception of confidence in one’s
UL activity was shown to affect impaired UL use dur-
ing early stroke rehabilitation, with higher confidence
related to greater paretic UL use [21, 22]. Also in the
chronic phase post stroke, lower confidence in one’s
UL activity was associated with higher non-use of the
impaired UL in daily life [23]. A recent cross-sectional
study in the chronic phase post stroke investigated the
actual daily life UL activity in two groups of patients
with similar good observed UL activity, but a different
perceived UL activity [24]. We found that, compared to
patients with good perceived UL activity (good match
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group), patients with a low perceived UL activity (mis-
match group) tend to use their affected UL less in daily
life [24]. To conclude, despite a good observed UL
function, patients in this mismatch group might be at
risk for reduced UL activity in daily life.

As the perceived UL activity tends to plateau (62%) or
even decreases (14%) from 3 to 12months post stroke
[25] and deteriorates further up to 6 years post stroke
[26], we expect that the mismatch group will increase
along the chronic phase post stroke. However, if we
could determine factors in the (sub)acute and start of the
chronic phase that distinguish the mismatch group from
the good match group, therapists could incorporate these
factors in therapy and try to prevent patients from devel-
oping the mismatch. As the mismatch group differs from
the good match group in perceived UL activity, factors
related to a low perceived UL activity might also differ-
entiate the mismatch from the good match group. Sev-
eral factors are related to a low self-perceived UL activity
after stroke, including lower cognition [27], lower age,
higher stroke severity, lower somatosensory function and
lower independence in activities of daily living (ADL) at
rehabilitation discharge [28] and a higher level of educa-
tion and a lower mood score in the subacute phase post
stroke [8].

The aim of this longitudinal prognostic study is three-
fold. First, we aim to confirm the match and mismatch
groups in a larger, new cohort at six months post stroke.
Second, we want to investigate the evolution of the mis-
match group from six to 12months post stroke. Third,
we want to determine factors on admission to inpatient
rehabilitation and at six months post stroke that can dis-
criminate between the mismatch and good match group
at 12 months post stroke. We hypothesized that the num-
ber of patients in the mismatch group would increase
from six to 12months [16, 17]. We further assumed that
stroke severity on admission, age, somatosensory func-
tion, ADL independence, education and mood can distin-
guish between mismatch and good match at 12 months
[8,27,28].

Methods

Design and setting

This was a retrospective secondary analysis from a pro-
spective longitudinal cohort study investigating predic-
tors of bimanual performance within the first year after
stroke [29]. Patients post stroke were recruited from
three rehabilitation centres in Belgium (University Hos-
pitals Leuven, Jessa Hospital Rehabilitation Campus
Sint Ursula Herk-De-Stad and Rehabilitation Hospital
RevArte Edegem) between February 2016 and November
2017 and assessed by one trained researcher (AVG).
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Participants

Participants were included within 1 week after admis-
sion to the rehabilitation centre if they met the following
inclusion criteria 1) first-ever unilateral, supratentorial
stroke, as defined by the American Heart Association/
American Stroke Association [30], 2) unilateral motor
deficit in the UL (upper extremity subscale of the Fugl-
Meyer Assessment (FMA-UE)<60/66) [31], 3) age
18years or older, and 4) admission to the rehabilitation
centre within 6 weeks after stroke onset. Patients were
excluded if they had 1) other neurological diseases, such
as multiple sclerosis or Parkinson’s disease, 2) stroke-
like symptoms caused by subdural hematoma, tumour,
encephalitis or trauma, 3) serious cognitive or com-
munication deficits restricting the evaluation and 4) no
written informed consent. As this study was explora-
tory, and there is limited information on the predictors
for mismatch, a sample size calculation was not possible.
Ethical approval for secondary data analysis was granted
by the Ethics Research Committee of UZ/KU Leuven
(S58670). All procedures followed were in accordance
with the Declaration of Helsinki. Our study conformed to
STROBE Statement [32].

Outcome measures

At six and 12 months, observed function of the affected
UL was assessed with the reliable and valid FMA-UE,
with a total score between 0 and 66 and higher scores
indicating better observed function [31, 33]. Perceived
UL activity was evaluated using the hand subscale of the
reliable and valid Stroke Impact Scale 3.0 (SIS-Hand),
with a total score between 0 and 100 and higher scores
indicating better perceived function [34, 35].

On admission to inpatient rehabilitation, we collected
1) patient-related, demographic characteristics including
age at stroke onset, gender, pre-stroke residential status
and pre-stroke educational level, 2) stroke characteris-
tics including days since stroke onset, stroke aetiology,
lateralization of stroke [36], 3) stroke severity (National
Institutes of Health Stroke Scale) [37] and 4) clinical
characteristics. These clinical characteristics included UL
somatosensory function by means of the Erasmus MC
modifications of the revised Nottingham Sensory Assess-
ment (Em-NSA) for exteroception and propriocep-
tion [38, 39] and stereognosis using the subscale of the
original Nottingham Sensory Assessment [39], cognitive
deficits by the Montreal Cognitive Assessment (MoCA)
[40, 41], mental function with the Hospital Anxiety and
Depression Scale (HADS) [42]; and level of independence
in activities of daily living with the 100-point Barthel
Index (BI) [43]. Clinical characteristics were re-assessed
at six- and 12-months post stroke.
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Data analysis

Patients’ characteristics are presented as mean with
standard deviation (SD) (continuous variables), median
with first quartile (Q1) and third quartile (Q3) when con-
tinuous variables were not normally distributed (Shapiro
Wilk test and histogram) and frequency with percentage
(categorical variables). To discriminate between low and
good function, we used cut-off scores based on previous
literature [24, 44—48]. For the FMA-UE, 50/66 discrimi-
nated between low (<50) and good (>50) observed func-
tion, and 75/100 on the SIS-Hand distinguished between
low (<75) and good (>75) perceived activity. We then
identified three groups at six and 12 months: 1) patients
with low observed function and low perceived activity
(low match group), 2) patients with good observed func-
tion and good perceived activity (good match group),
and 3) patients with good observed function but low
perceived activity (mismatch group). For evolution, we
report change in number of patients in the mismatch
group from six to 12months and we check whether
patients in the mismatch group at six months stay in this
subgroup at 12 months.

As we also wanted to investigate what distinguishes low
from good perceived function among those individuals
with a good observed function, we focused on the dis-
tinction between the mismatch and good match group.
To examine differences in potential discriminating fac-
tors on admission to inpatient rehabilitation and at six
months for group membership at 12months, we used
Chi-square tests for categorical variables and independ-
ent t-tests or Mann-Whitney U tests for normally and
not-normally distributed continuous variables. Data were
analysed with the IBM SPSS Statistics version 27 (IBM
Corporation, Armonk, NY, USA) with the level of statis-
tical significance set at p <0.05 (2-sided).

Results

We included patients with FMA-UE and SIS-Hand val-
ues at both six and 12 months, which resulted in a sam-
ple of 60 out of 68 patients included at 6 months. At
12 months, four were medically unstable, three declined
to take part in the assessment and one started participa-
tion in another study. Patients with incomplete data at
12months (n=8) were not different from the patients
with complete data at 12months (#=60) for scores on
Em-NSA Exteroception (p=0.92), Em-NSA Proprio-
ception (p=0.76), NSA Stereognosis (p=0.63), MoCA
(»p=0.55), HADS total (p=0.79), and Barthel index
(p=0.70) at six months. Patients in our sample had a
mean age of 65 (SD=12) years and were recruited at a
mean of 22 (SD=38) days post stroke. Out of 60 par-
ticipants, 58% (n=235) were male, 62% (n=37) had
a right-sided hemiparesis and 87% (n=52) suffered



Essers et al. BMC Neurology (2021) 21:488 Page 4 of 11
A 100 ° moeo B 100 ®e
° o0
* o0 o @ e ®
80 oo e 80 '
: g
S 60 < 60
© ©
g & 40
€L 40 I
% )
v 50 9 20
0 0
0 20 40 60 0 10 20 30 40 50 60
FMA-UE (/66) FMA-UE (/66)
Low-low @ Low-good Mismatch @ Good-good
Fig. 1 Scatterplot of observed upper limb function (FMA-UE) and perceived upper limb activity (SIS-Hand) at six and 12 months

an ischemic stroke. Overall, observed UL function as
assessed by the FMA-UE on admission was severely to
moderately impaired with a median score of 10 out of
66 (Q1-Q3=5-44), moderately impaired at six months
(median=47, Q1-Q3=14-58) and mildly impaired at
12months post stroke (median=50, Q1-Q3=19-61).
Perceived UL activity was not assessed on admission, but
was overall low at six months with a median score of 50
out of 100 (Q1-Q3=5-80) and decreased to a median
score of 45 (Q1-Q3 =0-79) at 12 months.

Evolution of the mismatch group

Figure 1A presents the scatterplot between observed
function and perceived activity at six months. We iden-
tified patients with low observed function and low per-
ceived activity (low match group; n=33; 55%), a group
with good observed function and good perceived activity
(good match group; n=15; 25%) and a group with good
observed function but low perceived activity (mismatch
group; n=11; 18%). At 12months (Fig. 1B), the number
of patients in the low match group decreased (n=31;
52%), remained unchanged in the good match group and
increased in the mismatch group (n=14; 23%).

Observed function (Fugl-Meyer Assessment upper
extremity; FMA-UE, range 0—66) versus perceived activ-
ity (hand subscale of the Stroke Impact Scale; SIS-Hand,
range 0-100) at A six and B 12 months post stroke. From
six to 12 months, the number of patients with a mismatch
increased from 11 (18%) to 14 (23%) patients.

The majority of the patients in the mismatch group at
six months stayed in this mismatch group at 12 months

(n=9/11; 82%). The other two patients in the mismatch
group at six months moved to the good match group at
12 months, as they increased their perceived UL activity,
which was accompanied by an increase in FMA-UE score
of three and six points. At 12months post stroke, almost
half of the patients with good observed UL function had a
low perceived UL activity (n=14/29). Five people entered
the mismatch group, coming from the low match group
(n=1, 20%) and the good match group (n=4, 80%). For
those entering the mismatch group from the good match
group, the FMA-UE score did not change or improved
only slightly with two points, whereas the SIS-Hand
score decreased. At six months post stroke, three patients
had a SIS-Hand score of 80, which decreased with five,
ten and 25 points up to 12 months post stroke. The fourth
patient started with a SIS-Hand score of 90 at six months
post stroke, which decreased to 60 at 12 months.

Discriminative factors
Admission characteristics and comparison of potential
discriminative factors on admission to rehabilitation for
group membership at 12 months are provided in Table 1.
Demographic and stroke-related characteristics did not
differ between groups, except for a higher initial stroke
severity in the mismatch group (median NIHSS=6,
Q1-Q3=4-9) compared to the good match group
(median NIHSS=4, Q1-Q3=2-6; p=0.029). For the
demographic data, mean age in both groups was 65 (SD
= 14) years, the majority was male (57% in the mismatch
and 60% in the good match group), about half of the
participants was living together (57% in mismatch and
53% in good match group) and all but one participant
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Table 1 Comparison of demographic and stroke-related characteristics on rehab admission for mismatch and good match groups at

12 months, n (%) and median (Q1-Q3)

Variable P-value Mismatch (n=14) Good
match
(n=15)
Demographics
Age at stroke onset, mean (SD) ° 0.882 65 (14) 65 (14)
Gender, male 0.876 8 (57) 9 (60)
Pre-stroke residential status, living together 0.897 8(57) 8(53)
Educational level 0.760
Primary education 0(0) 1(7)
Lower secondary education 5(36) 5(33)
Higher secondary education 5(36) 3(20)
Higher tertiary education 4(28) 6 (40)
Stroke-related characteristics
Days since stroke onset, mean (SD) 0.716 20(7) 18 (7)
Type of stroke, ischemic 0.564 11(79) 13 (87)
Stroke lateralization, right hemiparesis 0.742 11 (79) 11(73)
Affected upper limb = pre-stroke dominant 0.060 12 (86) 8(53)
Stroke severity (NIHSS/42) 0.029*% 6 (4-9) (2-6)

All between group comparisons were performed with Mann-Whitney U test, except for ‘comparison with independent t-test

NIHSS National Institutes of Health Stroke Scale, SD Standard Deviation
*Significant at p <0.05

followed lower secondary education or more. For the
stroke-related characteristics, participants were on aver-
age 20 (mismatch) and 18 days (good match) post stroke
and most participants had an ischemic stroke (79 and
87%) with a right hemiparesis (79 and 73%). Although
more people in the mismatch group had the dominant
hand affected compared to the good match group (86%
versus 53%), this difference was not significant (p > 0.05).

Table 2 provides the comparison of clinical character-
istics at baseline and six months post stroke for group
membership at 12months. At baseline, Em-NSA Exter-
oception scores were higher in the good match group
(median=31, Q1-Q3=28-32) compared to the mis-
match group (median=22, Q1-Q3=12-32; p=0.006)
as well as Em-NSA Proprioception scores (median=38,
Q1-Q3=8-8 versus median=7, Q1-Q3=4-8;
p=0.041). At 12months post stroke, Em-NSA Extero-
ception scores were still higher in the good match group
(median=32, Q1-Q3=30-32) compared to the mis-
match group (median=30, Q1-Q3=26-31; p=0.037).
Last, also NSA Stereognosis scores at 12months
were higher in the good match group (median=20,
Q1-Q3=19-21) compared to the mismatch group
(median=19, Q1-Q3=11-20; p=0.012).

Figure 2 shows the evolution of discriminat-
ing factors over time. Looking at the median values

(horizontal bar) for both groups, all values improve
from admission to 6 months post stroke. The median
Em-NSA Proprioception value for the good match
group was already maximal on admission and could
thus not further improve up to 6 months post stroke.
For the other variables, improvements in scores go
along with a decrease in score ranges for the good
match group, but not for the mismatch group. The
large score range for the mismatch group indicates
high variation in scores between the individuals in
this group.

Scatterplot of clinical variables for the mismatch
group (n=14; FMA-UE > 50, SIS-Hand <75) and good
match group (n=15; FMA-UE >50, SIS-Hand >75)
on admission and at six months post stroke. Every
dot represents the raw value of a patient; raw median
scores are indicated with a horizontal bar. Horizon-
tal brackets with an asterisk indicate significant dif-
ferences between two groups (p<0.05). A Em-NSA
Exteroception (Erasmus modified Nottingham Sen-
sory Assessment Exteroception /32), B Em-NSA Pro-
prioception (/8), C. NSA Stereognosis (Nottingham
Sensory Assessment Stereognosis /22), D MoCA
(Montreal Cognitive Assessment /30), E HADS Total
(Hospital Anxiety and Depression Scale /42), and F
Barthel Index (/100).
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Table 2 Comparison of clinical characteristics on rehab admission and at 6 months for mismatch and good match groups at

12 months, n (%) and median (Q1-Q3)

Variable P-value Mismatch (n=14) Range Good match (n=15) Range

Rehab admission
Em-NSA Exteroception (/32) 0.006%* 22 (12-30) 0-32 31(28-32) 20-32
Em-NSA Proprioception (/8) 0.041* 7 (4-8) 0-8 8 (8-8) 6-8
NSA Stereognosis (/22) 0.130 6 (1-20) 0-22 18 (15-19) 0-22
Cognition (MoCA/30) 0.052 21 (16-24) 6-28 25 (22-27) 13-29
HADS total score (/42) (n=28) 0.548 11 (6-16) 1-18 9 (5-15) 0-21
Barthel Index (/100) 0217 48 (30-86) 20-100 75 (55-85) 30-100

Six months
Em-NSA Exteroception (/32) 0.037* 30 (26-31) 0-32 32(30-32) 29-32
Em-NSA Proprioception (/8) 0.331 8 (8-8) 4-8 8(8) 8-8
NSA Stereognosis (/22) 0.012* 19 (11-20) 0-21 20 (19-21) 18-22
Cognition (MoCA/30) 0.063 24 (22-26) 10-28 26 (24-28) 20-30
HADS total score (/42) 0.080 9(7-16) 1-21 7(1-9) 0-18
Barthel Index (/100) 0.063 98 (90-100) 45-100 100 (100-100) 95-100

All between group comparisons were performed with Mann-Whitney U test

Em-NSA Erasmus MC Modifications of the revised Nottingham Sensory Assessment, HADS Hospital Anxiety and Depression Scale, MoCA Montreal Cognitive

Assessment; NSA: Nottingham Sensory Assessment
*significant at p <0.05
** Significant at p<0.01

Discussion

This study hypothesized that the number of patients
in the mismatch group would increase from six to
12 months post stroke. We further assumed that stroke
severity at rehab admission, age, somatosensory function,
ADL independence, education and mood could distin-
guish between mismatch and good match at 12 months.
The current findings in large part support the hypotheses,
as we confirmed a mismatch group as six- and 12-months
post stroke, with the latter being relatively greater. We
also demonstrated that people in the mismatch group
had a higher stroke severity and somatosensory impair-
ment on admission to the rehabilitation centre and at
six months post stroke compared to persons in the good
match group.

The mismatch group of individuals with good observed
function and low perceived UL activity we found at six-
and 12-months post stroke, was described in other stud-
ies in the earlier rehabilitation phase. Two of these studies
described an additional mismatch group of patients with
low observed and high perceived functional improve-
ment [8, 12]. This was also shown for one person in our
sample at six months post stroke. At 12months post
stroke however, we did not find such group, which can
be explained by a difference in time frame: in the early
rehabilitation phase, individuals may have lower insight
in and overestimate their capabilities. In the later phase
post stroke, one study showed 19% of patients had a mis-
match at six months [13], which is very similar to the 18%

at six months we found. This is less than the 11 out of 43
(26%) individuals reporting difficulty with hand move-
ments despite normal examination in another study [11],
which can be explained by several factors. Results were
present over a wide range of times post stroke, individu-
als had an overall moderate motor impairment and good
observed function and perceived activity were defined
as maximum score on FMA-UE and SIS-Hand, which in
our opinion is a too strict criterion.

When interpreting the evolution of the mismatch
prevalence from six to 12months, we see that the mis-
match group remains important throughout the chronic
phase post stroke. The majority of patients in the mis-
match group at six months stayed in the mismatch group
at 12months. From six to 12months, only two patients
moved from the mismatch group to the good match
group, accompanied by an improvement in the observed
UL motor function. Twice as many patients moved from
the good match to the mismatch group, accompanied by
a decrease in perceived UL activity. Three of these four
patients had a perceived UL activity just above the cut-off
value and were thus borderline in the good match group.
The fourth patient had a clearly distinguishable good per-
ceived UL activity at six months, which decreased with
30% by twelve months. This large decrease might be
explained by the patient’s higher depression and anxiety
values, lower cognition and lower somatosensory func-
tion at six months post stroke compared to the good
match sample who did not change group.
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Fig. 2 Scatterplot of clinical variables on admission to rehabilitation and six months post stroke for the mismatch group compared to the good
match group at 12 months

All patients who switched from the good match to the
mismatch group had a lower exteroceptive function at
admission to rehabilitation compared to the good match
sample who did not change group, except for one. This
participant had higher depression and anxiety values
on admission to rehabilitation compared to the non-
switching good match subgroup. To summarize, despite
having a good observed UL function and good perceived
UL activity at six months post stroke, patients with low
exteroceptive function or high depression and anxiety at
admission to rehabilitation might be at risk for develop-
ing a mismatch at 12months post stroke. Furthermore,
even in the absence of somatosensory deficits, patients
with low cognitive function or high depression and

anxiety values at six months might be at risk for develop-
ing the mismatch at 12 months post stroke.
Discriminating factors on admission for mismatch at
12months were higher stroke severity and more soma-
tosensory impairments. Stroke severity is one of the most
powerful predictors of stroke recovery [49] and a higher
stroke severity at admission to rehabilitation was associ-
ated with lower perceived UL activity scores [11] in the
subacute phase post stroke. It was previously shown that
initial somatosensory impairment is significantly related
to somatosensory ability at six months [50] and a similar
trend was seen in our sample. Although somatosensory
function improved from admission to six months in the
mismatch as well as the good match group, it remains
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lower in the mismatch group compared to the good
match group at six months post stroke. It was shown ear-
lier that somatosensory function plays an important role
in the perceived UL activity in chronic stroke patients
with lower observed UL motor function [51]. Based on
our findings, it might thus also play a discriminative role
in chronic stroke patients with good observed UL motor
function for their perceived UL activity.

As somatosensory function on admission seems to be
an important discriminator between good match and
mismatch at 12months post stroke, we might want to
include somatosensory retraining in an early stage in
order to improve the perceived UL activity in our chronic
mismatch group. However, the evidence for somatosen-
sory retraining in the early stage post stroke is limited
and mostly focused on improving UL motor function
and activity [52]. When the goal is to improve UL motor
function, a pure somatosensory approach is not enough
[53] and is therefore often combined with motor training.
Results of this sensorimotor therapy show that it might
not improve somatosensory function and may be less
effective than pure motor therapy for motor recovery in
the early rehabilitation phase post stroke [54].

The mismatch group in our sample does not only have
lower sensorimotor function than the good match group
on admission, but also at six months post stroke. Further,
patients moving from the good match group to the mis-
match group from six to 12 months post stroke have on
average a lower somatosensory function at six months.
Therefore, it might be beneficial to include somatosen-
sory retraining in the early chronic phase to prevent a
(switch to) mismatch at 12 months. The majority of tri-
als investigating the effect of sensorimotor training have
focused on patients in the chronic phase post stroke [53].
Despite the potential to improve UL somatosensory and
motor capacity, the evidence of efficacy of these sensori-
motor interventions is limited [55]. This limited evidence
suggests that sensory training may be effective as a sup-
plemental training program and should be individually
tailored [56].

To our knowledge, so far only one study investigated
the effect of somatosensory retraining in the chronic
phase post stroke on perceived UL activity [57]. Although
the average perceived UL activity increased immediately
after training and at follow-up, the perceived UL activity
after retraining was highly variable among participants.
This wide range in perceived UL activity changes could be
associated to other influencing variables. In our sample,
patients switching from the good match to the mismatch
group had a more impaired cognition and higher depres-
sion and anxiety compared to patients who stayed in the
mismatch group. It seems plausible that more depressed
and anxious patients perceive a lower hand function and
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report more negative outcomes than those with a better
mood [58]. Furthermore, it was shown that anxiety and
depression may not only interfere with functional recov-
ery [59], they also seem to reduce intention to perform
a voluntary motor task [60]. In interpreting the findings
of the present study, some limitations should be noted.
First,although this study provided some preliminary evi-
dence regarding factors on admission and at six months
post stroke that may discriminate between mismatch
and good match, the observational design of this study
cannot provide evidence for causality. Further, because
of the relatively small sample size and large score range
of clinical outcomes, we should view the results of the
study with caution. Prospective studies with larger sam-
ple sizes would be needed in order to evaluate how these
discriminators could potentially predict the perceived
upper limb activity in persons with good UL motor func-
tion in the chronic phase post stroke. We did not per-
form a predictive analysis as the number of participants
with the outcome is important in prediction model stud-
ies, as it influences precision and affects predictive per-
formance [61]. For model development studies, sample
size considerations are often based on events per vari-
able (EPV), in which prediction models based on studies
with an EPV lower than 10 are likely to have overfitting
(including spurious predictors) or underfitting (failing to
include important predictors) [62, 63]. As we had only
14 participants with the outcome (mismatch) and eight
potential predictors, the current sample was not appro-
priate to perform prediction analysis.

This study has some clinical implications. First, in the
prevention of mismatch in the chronic phase post stroke,
it might be important to distinguish participants with
higher stroke severity and more severe somatosensory
impairments on rehab admission and at 6 months post
stroke, as these patients are at risk of developing a mis-
match at 12months. For this group of patients, it may
be of benefit to include somatosensory retraining on
admission to rehabilitation. However, given the inconclu-
sive results of somatosensory retraining based on previ-
ous research [57] and the wide ranges in somatosensory
scores in our mismatch group at 12 months, somatosen-
sory retraining might not be beneficial for all individuals
in the mismatch group. Second, despite improvement in
somatosensory function, some patients move from the
good match at six months post stroke to the mismatch
group at 12months. Therefore, it might be important to
assess influencing factors such as high depression and
anxiety and low cognition, which potentially induce a
decrease in perceived UL activity throughout the chronic
phase post stroke. Tailoring training to individual needs
seems to be the key in this diverse mismatch group.
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Conclusions

In conclusion, a considerable group (~20%) of patients
displays a good observed function but a low perceived
UL activity not only at the start of, but also later in the
chronic phase post stroke. Factors that discriminate
between groups are higher stroke severity at admission
to the rehabilitation centre and lower somatosensory
function at six months in the mismatch group. Although
training might include somatosensory retraining, large
differences in clinical outcomes between patients in the
mismatch group indicate that it is important to tailor
training to the individual needs.

Abbreviations

Bl: Barthel Index; Em-NSA: Erasmus MC modifications of the revised Notting-
ham Sensory Assessment; FMA-UE: Fugl-Meyer Assessment upper extremity;
HADS: Hospital Anxiety and Depression Scale; MoCA: Montreal Cognitive
Assessment; NIHSS: National Institutes of Health Stroke Scale; NSA: Notting-
ham Sensory Assessment; Q1: First quartile; Q3: Third quartile; SD: Standard
deviation; SIS-Hand: Stroke Impact Scale version 3.0 hand subscale; UL: Upper
limb.

Acknowledgements
The authors are grateful to the individuals who volunteered to participate.

Authors’ contributions

BE, JV, AL and GV conceptualized the study. BE, JV, AL and GV obtained
funding and ethical approval. CL, MM, HB, FS and DK provided resources and
performed project administration. AVG collected the data. BE performed the
statistical analysis and wrote the article. AVG, JV, DK and GV revised the article.
All authors read and approved the final manuscript.

Funding
This work was supported by a personal PhD Fellowship (Aspirant) to Bea Ess-
ers from Research Foundation - Flanders (FWO) [grant number 1153320 N].

Availability of data and materials
The data analysed during the current study are available from the correspond-
ing author, Bea Essers, on reasonable request.

Declarations

Ethics approval and consent to participate

All participants were given verbal and written information about the study
prior to inclusion and gave their written informed consent to participate. The
principles of the Declaration of Helsinki were followed and ethical approval
was granted by the Ethics Research Committee of UZ/KU Leuven (558670).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Department of Rehabilitation Sciences, KU Leuven, Tervuursevest 101

box 1501, 3001 Leuven, Belgium. 2Department of Allied Health and Depart-
ment of Research, Rehabilitation Hospital RevArte, Antwerp, Belgium. 3Reha-
bilitation Campus Sint Ursula, Jessa Hospital, Hasselt, Belgium. “Department

of Physical Medicine and Rehabilitation, University Hospitals Leuven, Leuven,
Belgium. >Luzerner Kantonsspital, Neurocenter, Lucerne, Switzerland. ®Division
of Vascular Neurology and Neurorehabilitation, Department of Neurology, Uni-
versity of Zurich and University Hospital Zurich, Zurich, Switzerland. ’Cereneo,
Center for Neurology and Rehabilitation, Vitznau, Switzerland.

Page 9 of 11

Received: 9 March 2021 Accepted: 9 November 2021
Published online: 15 December 2021

References

1. Rathore SS, Hinn AR, Cooper LS, Tyroler HA, Rosamond WD. Characteriza-
tion of incident stroke signs and symptoms. Stroke. 2002;33:2718-21.
https://doi.org/10.1161/01.5STR.0000035286.87503.31.

2. Barclay-Goddard R, Lix LM, Tate R, Weinberg L, Mayo NE. Health-related
quality of life after stroke: does response shift occur in self-perceived
physical function? YAPMR. 2011;92:1762-9. https://doi.org/10.1016/].
apmr.2011.06.013.

3. Bernhardt J, Hayward KS, Kwakkel G, et al. Agreed definitions and a
shared vision for new standards in stroke recovery research: the stroke
recovery and rehabilitation roundtable taskforce. Neurorehabil Neural
Repair. 2017;31(9):793-9. https://doi.org/10.1177/1545968317732668.

4. Tennant A, Geddes JML, Fears J, Hillman M, Chamberlain MA. Outcome
following stroke. Disabil Rehabil. 2009;19(7):278-84. https://doi.org/10.
3109/09638289709166539.

5. Nichols-Larsen DSC, Clark A, Zeringue M, Greenspan A, Blanton S. Factors
influencing stroke survivors'quality of life during subacute recovery.
Stroke. 2005;36:1480-4. https://doi.org/10.1161/01.STR.0000170706.
13595.4f.

6.  OMS. Towards a common language for functioning, disability and health:
ICF. Int Classif. 2002; http://www.who.int/classifications/icf/training/icfbe
ginnersguide.pdf.

7. Lemmens RIM, Timmermans AAA, Janssen-Potten YJM, Smeets RJIEM,
Seelen HAM. Valid and reliable instruments for arm-hand assessment at
ICF activity level in persons with hemiplegia: a systematic review. BMC
Neurol. 2012;12(21):1-17. https://doi.org/10.1186/1471-2377-12-21.

8. van Deldena LEQ, Peper CLE, Beek PJ, Kwakkel G. Match and mismatch
between objective and subjective improvements in upper limb function
after stroke. Disabil Rehabil. 2013;35(23):1961-7. https://doi.org/10.3109/
09638288.2013.768303.

9. Persson HC, Danielsson A, Sunnerhagen KS. A cross sectional study of
upper extremity strength ten days after a stroke; relationship between
patient-reported and objective measures. BMC Neurol. 2015;15:178.
https://doi.org/10.1186/512883-015-0436-8.

10. Dromerick AW, Lang CE, Birkenmeier R, et al. Relationship between
upper-limb functional limitation and self-reported disability 3 months
after stroke. J Rehabil Res Dev. 2006;43(3):401-8. https://doi.org/10.1682/
JRRD.2005.04.0075.

11. Stewart JC, Cramer SC. Patient-reported measures provide unique
insights into motor function after stroke. Stroke. 2013;44(4):1111-6.
https://doi.org/10.1161/STROKEAHA.111.674671.

12. van Lieshout ECC, Visser-Meily JMA, Nijland RH, Dijkhuizen RM, Kwakkel G.
Patients self-reported versus objective clinical measures of improvement
of upper limb capacity after stroke: are they matching? J Rehabil Med
2020;52:0. doi:https://doi.org/10.2340/16501977-2661.

13. Essers B, Meyer S, De Bruyn N, et al. Mismatch between observed and
perceived upper limb function: an eye-catching phenomenon after
stroke. Disabil Rehabil. 2019;41(13). https://doi.org/10.1080/09638288.
2018.1442504.

14. Bailey RR. Assessment of real-world upper limb activity in adults with
chronic stroke; 2015. https://doi.org/10.7936/K7280550.

15. Shim S, Kim H, Jung J. Comparison of upper extremity motor recovery
of stroke patients with actual physical activity in their daily lives meas-
ured with accelerometers. J Phys Ther Sci. 2014;26(7):1009-11. https://
doi.org/10.1589/jpts.26.1009.

16. Regterschot GRH, Bussmann JBJ, Fanchamps MHJ, Meskers CGM,
Ribbers GM, Selles RW. Objectively measured arm use in daily life
improves during the first 6 months poststroke: a longitudinal observa-
tional cohort study. J Neuroeng Rehabil. 2021;18(1):51. https://doi.org/
10.1186/512984-021-00847-x.

17. Michielsen ME, de Niet M, Ribbers GM, Stam HJ, Bussman JB. Evidence
of a logarithmic relationship between motor capacity and actual
performance in daily life of the paretic arm following stroke. J Rehabil
Med. 2009;41(5):327-31. https://doi.org/10.2340/16501977-0351.

18. Bailey RR, Klaesner JW, Lang CE. Quantifying real-world upper-
limb activity in nondisabled adults and adults with chronic stroke.


https://doi.org/10.1161/01.STR.0000035286.87503.31
https://doi.org/10.1016/j.apmr.2011.06.013
https://doi.org/10.1016/j.apmr.2011.06.013
https://doi.org/10.1177/1545968317732668
https://doi.org/10.3109/09638289709166539
https://doi.org/10.3109/09638289709166539
https://doi.org/10.1161/01.STR.0000170706.13595.4f
https://doi.org/10.1161/01.STR.0000170706.13595.4f
http://www.who.int/classifications/icf/training/icfbeginnersguide.pdf
http://www.who.int/classifications/icf/training/icfbeginnersguide.pdf
https://doi.org/10.1186/1471-2377-12-21
https://doi.org/10.3109/09638288.2013.768303
https://doi.org/10.3109/09638288.2013.768303
https://doi.org/10.1186/s12883-015-0436-8
https://doi.org/10.1682/JRRD.2005.04.0075
https://doi.org/10.1682/JRRD.2005.04.0075
https://doi.org/10.1161/STROKEAHA.111.674671
https://doi.org/10.2340/16501977-2661
https://doi.org/10.1080/09638288.2018.1442504
https://doi.org/10.1080/09638288.2018.1442504
https://doi.org/10.7936/K72805S0
https://doi.org/10.1589/jpts.26.1009
https://doi.org/10.1589/jpts.26.1009
https://doi.org/10.1186/s12984-021-00847-x
https://doi.org/10.1186/s12984-021-00847-x
https://doi.org/10.2340/16501977-0351

Essers et al. BMC Neurology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

(2021) 21:488

Neurorehabil Neural Repair. 2015;29(10):969-78. https://doi.org/10.
1177/1545968315583720.

. Rand D, Eng JJ. Predicting daily use of the affected upper extremity 1

year after stroke. J Stroke Cerebrovasc Dis. 2015;24(2):274-83. https://
doi.org/10.1016/j.jstrokecerebrovasdis.2014.07.039.

Waddell KJ, Strube MJ, Bailey RR, et al. Does task-specific training
improve upper limb performance in daily life Poststroke? Neuroreha-
bil Neural Repair. 2017;31(3):290-300. https://doi.org/10.1177/15459
68316680493.

Rand D, Eng JJ. Disparity between functional recovery and daily use of
the upper and lower extremities during subacute stroke rehabilitation.
Neurorehabil Neural Repair. 2012;26(1):76-84. https://doi.org/10.1177/
1545968311408918.

Chin LF, Hayward KS, Brauer SG. Factors influencing paretic upper limb
use during first 4 weeks after stroke: a cross-sectional Accelerometry
study. Am J Phys Med Rehabil. 2021;100(2):153-60. https://doi.org/10.
1097/PHM.0000000000001539.

Buxbaum LJ, Varghese R, Stoll H, Winstein CJ. Predictors of arm nonuse
in chronic stroke: a preliminary investigation. Neurorehabil Neural
Repair. 2020;34(6):512-22. https://doi.org/10.1177/1545968320913554.
Essers B, Coremans M, Veerbeek J, Luft A, Verheyden G. Daily life upper
limb activity for patients with match and mismatch between observed
function and perceived activity in the chronic phase post stroke. Sen-
sors (Basel). 2021;21(17):5917. https://doi.org/10.3390/521175917.
Guidetti S, Ytterberg C, Ekstam L, Johansson U, Eriksson G. Changes in
the impact of stroke between 3 and 12 months post-stroke, assessed
with the stroke impact scale. J Rehabil Med. 2014;46(10):963-8. https://
doi.org/10.2340/16501977-1865.

Ytterberg C, Dybdck M, Bergstrom A, Guidetti S, Eriksson G. Perceived
impact of stroke six years after onset, and changes in impact between
one and six years. J Rehabil Med. 2017;49(8):637-43. https://doi.org/10.
2340/16501977-2258.

Mole JA, Demeyere N.The relationship between early post-stroke
cognition and longer term activities and participation: a systematic
review. 2018;30(2):346-70. https://doi.org/10.1080/09602011.2018.
1464934 https://doi-org.kuleuven.e-bronnen.be/101080/0960201120
181464934,

Molle Da Costa RD, Luvizutto GJ, Martins LG, et al. Clinical factors associ-
ated with the development of nonuse learned after stroke: a prospective
study. Top Stroke Rehabil. 2019;26(7):511-7. https://doi.org/10.1080/
10749357.2019.1631605.

Van Gils A 2019, '‘Bimanual performance and life balance one year after
stroke. Assessment, evolution and prognosis, PhD thesis, KU Leuven,
Leuven. https://limo.libis.be/primo-explore/fulldisplay?docid=LIRIAS2811
582&context=L&vid=Lirias&search_scope=Lirias&tab=default_tab&
lang=en_US&fromSitemap=1.

Sacco RL, Kasner SE, Broderick JP, et al. An updated definition of stroke for
the 21st century. Stroke. 2013;44(7):2064-2089.

Fugl Meyer AR, Jaasko L, Leyman . The post stroke hemiplegic patient. I.
a method for evaluation of physical performance. Scand J Rehabil Med.
1975;7(1):13-31.

von EIm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke
JP.The strengthening the reporting of observational studies in epidemi-
ology (STROBE) statement: guidelines for reporting observational studies.
Lancet. 2007;370(9596):1453-7. https://doi.org/10.1016/50140-6736(07)
61602-X.

Hoonhorst MH, Nijland RH, Van Den Berg JS, Emmelot CH, Kollen BJ,
Kwakkel G. How do Fugl-Meyer arm motor scores relate to dexterity
according to the action research arm test at 6 months Poststroke? Arch
Phys Med Rehabil. 2015;96(10):1845-9. https://doi.org/10.1016/j.apmr.
2015.06.009.

Duncan PW, Bode RK, Min Lai S, Perera S. Rasch analysis of a new stroke-
specific outcome scale: the stroke impact scale. Arch Phys Med Rehabil.
2003;84(7):950-63. https://doi.org/10.1016/50003-9993(03)00035-2.
Vellone E, Savini S, Fida R, et al. Psychometric evaluation of the stroke
impact scale 3.0. J Cardiovasc Nurs. 2015;30(3):229-41. https://doi.org/10.
1097/JCN.0000000000000145.

Hudon C, Fortin M, Vanasse A. Cumulative illness rating scale was a
reliable and valid index in a family practice context. J Clin Epidemiol.
2005;58(6):603-8. https://doi.org/10.1016/jjclinepi.2004.10.017.

37.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

Page 10 of 11

Brott T, Adams HP, Olinger CP, et al. Measurements of acute cerebral
infarction: a clinical examination scale. Stroke. 1989,20(7):864-70. https://
doi.org/10.1161/01.STR.20.7.864.

. Stolk-Hornsveld F, Crow JL, Hendriks EP, van der Baan R, Harmeling-van

der Wel BC. The Erasmus MC modifications to the (revised) Nottingham
sensory assessment: a reliable somatosensory assessment measure for
patients with intracranial disorders. Clin Rehabil. 2006;20(2):160-72.
https://doi.org/10.1191/0269215506CRI320A.

Connell LA, Tyson SF. Measures of sensation in neurological conditions:

a systematic review. Clin Rehabil. 2012;26(1):68-80. https://doi.org/10.
1177/0269215511412982.

Burton L, Tyson SF. Screening for cognitive impairment after stroke: a
systematic review of psychometric properties and clinical utility. J Rehabil
Med. 2015;47(3):193-203. https://doi.org/10.2340/16501977-1930.

Van Heugten CM, Walton L, Hentschel U. Can we forget the mini-mental
state examination? A systematic review of the validity of cognitive
screening instruments within one month after stroke. Clin Rehabil.
2015;29(7):694-704. https://doi.org/10.1177/0269215514553012.

Sagen U, Vik TG, Moum T, Mgrland T, Finset A, Dammen T. Screening for
anxiety and depression after stroke: comparison of the hospital anxiety
and depression scale and the Montgomery and Asberg depression rating
scale. J Psychosom Res. 2009;67(4):325-32. https://doi.org/10.1016/},jpsyc
hores.2009.03.007.

Collin C, Wade DT, Davies S, Horne V. The barthel ADL index: a reliability
study. Disabil Rehabil. 1988;10(2):61-3. https://doi.org/10.3109/09638
288809164103.

. Chin LF, Hayward KS, Brauer S, Fong CL. Upper limb use differs among

people with varied upper limb impairment levels early post-stroke: a
single-site, cross-sectional, observational study; 2019. https://doi.org/10.
1080/10749357.2019.1690796.

Michaelsen SM, Dannenbaum R, Levin MF. Task-specific training with
trunk restraint on arm recovery in stroke: randomized control trial. Stroke.
2006;37(1):186-92. https://doi.org/10.1161/01.STR.0000196940.20446.c9.
Faria-Fortini |, Michaelsen SM, Gomes Cassiano J, Fuscaldi T-SL. Upper
extremity function in stroke subjects: relationships between the interna-
tional classification of functioning, disability, and health domains. J Hand
Ther. 2011,24:257-65. https://doi.org/10.1016/j,jht.2011.01.002.
Woodbury ML, Velozo CA, Richards LG, Duncan PW. Rasch analysis stag-
ing methodology to classify upper extremity movement impairment
after stroke. Arch Phys Med Rehabil. 2013;94(8):1527-33. https://doi.org/
10.1016/j.apmr.2013.03.007.

Richardson M, Campbell N, Allen L, Meyer M, Teasell R. The stroke impact
scale: performance as a quality of life measure in a community-based
stroke rehabilitation setting. Disabil Rehabil. 2015. https://doi.org/10.
3109/09638288.2015.1102337.

Teasell R, Hussein N, Longval M. Brain reorganization, recovery and
organized care. In: Stroke rehabilitation clinician handbook: Canadian
Partnership for Stroke Recovery; 2020. p. 1-64.

Connell LA. Somatosensory impairment after stroke: frequency of differ-
ent deficits and their recovery. Clin Rehabil. 2008;22:758-67. https://doi.
0rg/10.1177/0269215508090674.

Tashiro S, Kuroki M, Okuyama K, et al. Factors related to daily use of the
paretic upper limb in patients with chronic hemiparetic stroke—a retro-
spective cross-sectional study. PLoS One. 2021;16(3 March). https://doi.
org/10.1371/journal.pone.0247998.

Chanubol R, Wongphaet P, Chavanich N, et al. A randomized controlled
trial of cognitive sensory motor training therapy on the recovery of arm
function in acute stroke patients. 2012;26(12):1096-104. https://doi.org/
10.1177/0269215512444631 http://dx.doi.org.kuleuven.e-bronnen.be/
101177/0269215512444631.

Grant VM, Gibson A, Shields N. Somatosensory stimulation to improve
hand and upper limb function after stroke—a systematic review with
meta-analyses. 2017;25(2):150-60. https://doi.org/10.1080/10749357.
2017.1389054 https://doi-org.kuleuven.e-bronnen.be/101080/10749
35720171389054.

De Bruyn N, Saenen L, Thijs L, et al. Sensorimotor vs. motor upper limb
therapy for patients with motor and somatosensory deficits: a rand-
omized controlled trial in the early rehabilitation phase after stroke. Front
Neurol. 2020;11:597666. https://doi.org/10.3389/fneur.2020.597666.
Gopaul U, Carey L, Callister R, Nilsson M, van Vliet P. Combined soma-
tosensory and motor training to improve upper limb function following


https://doi.org/10.1177/1545968315583720
https://doi.org/10.1177/1545968315583720
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.07.039
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.07.039
https://doi.org/10.1177/1545968316680493
https://doi.org/10.1177/1545968316680493
https://doi.org/10.1177/1545968311408918
https://doi.org/10.1177/1545968311408918
https://doi.org/10.1097/PHM.0000000000001539
https://doi.org/10.1097/PHM.0000000000001539
https://doi.org/10.1177/1545968320913554
https://doi.org/10.3390/S21175917
https://doi.org/10.2340/16501977-1865
https://doi.org/10.2340/16501977-1865
https://doi.org/10.2340/16501977-2258
https://doi.org/10.2340/16501977-2258
https://doi.org/10.1080/09602011.2018.1464934
https://doi.org/10.1080/09602011.2018.1464934
https://doi-org.kuleuven.e-bronnen.be/101080/0960201120181464934
https://doi-org.kuleuven.e-bronnen.be/101080/0960201120181464934
https://doi.org/10.1080/10749357.2019.1631605
https://doi.org/10.1080/10749357.2019.1631605
https://limo.libis.be/primo-explore/fulldisplay?docid=LIRIAS2811582&context=L&vid=Lirias&search_scope=Lirias&tab=default_tab&lang=en_US&fromSitemap=1
https://limo.libis.be/primo-explore/fulldisplay?docid=LIRIAS2811582&context=L&vid=Lirias&search_scope=Lirias&tab=default_tab&lang=en_US&fromSitemap=1
https://limo.libis.be/primo-explore/fulldisplay?docid=LIRIAS2811582&context=L&vid=Lirias&search_scope=Lirias&tab=default_tab&lang=en_US&fromSitemap=1
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/j.apmr.2015.06.009
https://doi.org/10.1016/j.apmr.2015.06.009
https://doi.org/10.1016/S0003-9993(03)00035-2
https://doi.org/10.1097/JCN.0000000000000145
https://doi.org/10.1097/JCN.0000000000000145
https://doi.org/10.1016/j.jclinepi.2004.10.017
https://doi.org/10.1161/01.STR.20.7.864
https://doi.org/10.1161/01.STR.20.7.864
https://doi.org/10.1191/0269215506CR932OA
https://doi.org/10.1177/0269215511412982
https://doi.org/10.1177/0269215511412982
https://doi.org/10.2340/16501977-1930
https://doi.org/10.1177/0269215514553012
https://doi.org/10.1016/j.jpsychores.2009.03.007
https://doi.org/10.1016/j.jpsychores.2009.03.007
https://doi.org/10.3109/09638288809164103
https://doi.org/10.3109/09638288809164103
https://doi.org/10.1080/10749357.2019.1690796
https://doi.org/10.1080/10749357.2019.1690796
https://doi.org/10.1161/01.STR.0000196940.20446.c9
https://doi.org/10.1016/j.jht.2011.01.002
https://doi.org/10.1016/j.apmr.2013.03.007
https://doi.org/10.1016/j.apmr.2013.03.007
https://doi.org/10.3109/09638288.2015.1102337
https://doi.org/10.3109/09638288.2015.1102337
https://doi.org/10.1177/0269215508090674
https://doi.org/10.1177/0269215508090674
https://doi.org/10.1371/journal.pone.0247998
https://doi.org/10.1371/journal.pone.0247998
https://doi.org/10.1177/0269215512444631
https://doi.org/10.1177/0269215512444631
http://dx.doi.org.kuleuven.e-bronnen.be/101177/0269215512444631
http://dx.doi.org.kuleuven.e-bronnen.be/101177/0269215512444631
https://doi.org/10.1080/10749357.2017.1389054
https://doi.org/10.1080/10749357.2017.1389054
https://doi-org.kuleuven.e-bronnen.be/101080/1074935720171389054
https://doi-org.kuleuven.e-bronnen.be/101080/1074935720171389054
https://doi.org/10.3389/fneur.2020.597666

Essers et al. BMC Neurology (2021) 21:488 Page 11 of 11

stroke: a systematic scoping review. Phys Ther Rev. 2018;23(6):355-75.
https://doi.org/10.1080/10833196.2018.1553668.

56. Serrada |, Hordacre B, Hillier SL. Does sensory retraining improve sensa-
tion and sensorimotor function following stroke: a systematic review and
meta-analysis. Front Neurosci. 2019,0:402. https://doi.org/10.3389/FNINS.
2019.00402.

57. Turville M, Carey LM, Matyas TA, Blennerhassett J. Change in functional
arm use is associated with somatosensory skills after sensory retraining
poststroke. Am J Occup Ther. 2017,71(3). https://doi.org/10.5014/ajot.
2017.024950.

58. Astrom M. Generalized anxiety disorder in stroke patients a 3-year longi-
tudinal study. Stroke. 1996;27(2):270-5. https://doi.org/10.1161/01.STR.
27.2.270.

59. Kang HJ, Bae KY, Kim SW, et al. Impact of acute phase depression on
functional outcomes in stroke patients over 1 year. Psychiatry Res.
2018,267:228-31. https://doi.org/10.1016/j.psychres.2018.06.026.

60. Gillen R, Tennen H, Eberhardt McKee T, Gernert-Dott P, Affleck G. Depres-
sive symptoms and history of depression predict rehabilitation efficiency
in stroke patients. 2001. https://doi.org/10.1053/apmr.2001.26249.

61. Moons KGM, Wolff RF, Riley RD, et al. PROBAST: a tool to assess risk of bias
and applicability of prediction model studies: explanation and elabora-
tion. Ann Intern Med. 2019;170(1):W1-W33. https://doi.org/10.7326/
M18-1377.

62. Peduzzi P Concato J, Feinstein AR, Holford TR. Importance of events
per independent variable in proportional hazards regression analysis
Il. Accuracy and precision of regression estimates. J Clin Epidemiol.
1995;48(12):1503-10. https://doi.org/10.1016/0895-4356(95)00048-8.

63. Peduzzi P Concato J, Kemper E, Holford TR, Feinstem AR. A simulation
study of the number of events per variable in logistic regression analysis.
J Clin Epidemiol. 1996;49(12):1373-9. https://doi.org/10.1016/S0895-
4356(96)00236-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1080/10833196.2018.1553668
https://doi.org/10.3389/FNINS.2019.00402
https://doi.org/10.3389/FNINS.2019.00402
https://doi.org/10.5014/ajot.2017.024950
https://doi.org/10.5014/ajot.2017.024950
https://doi.org/10.1161/01.STR.27.2.270
https://doi.org/10.1161/01.STR.27.2.270
https://doi.org/10.1016/j.psychres.2018.06.026
https://doi.org/10.1053/apmr.2001.26249
https://doi.org/10.7326/M18-1377
https://doi.org/10.7326/M18-1377
https://doi.org/10.1016/0895-4356(95)00048-8
https://doi.org/10.1016/S0895-4356(96)00236-3
https://doi.org/10.1016/S0895-4356(96)00236-3

	Evolution and prediction of mismatch between observed and perceived upper limb function after stroke: a prospective, longitudinal, observational cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Design and setting
	Participants
	Outcome measures
	Data analysis

	Results
	Evolution of the mismatch group
	Discriminative factors

	Discussion
	Conclusions
	Acknowledgements
	References


