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Backg round. The association between somatosensory impairments and outcome
after stroke remains unclear.

Pu rpose. The aim of this study was to systematically review the available literature
on the relationship between somatosensory impairments in the upper limb and
outcome after stroke.

Data Sources. The electronic databases PubMed, CINAHL, EMBASE, Cochrane
Library, PsycINFO, and Web of Science were systematically searched from inception
until July 2013.

Study Selection. studies were included if adult patients with stroke (minimum
n=10) were examined with reliable and valid measures of somatosensation in the
upper limb to investigate the relationship with upper limb impairment, activity, and
participation measures. Exclusion criteria included measures of somatosensation
involving an overall score for upper and lower limb outcome and articles including
only lower limb outcomes.

Data Extraction. Eligibility assessment, data extraction, and quality evaluation
were completed by 2 independent reviewers. A cutoff score of =65% of the maximal
quality score was used for further inclusion in this review.

Data Synthesis. Six articles met all inclusion criteria. Two-point discrimination
was shown to be predictive for upper limb dexterity, and somatosensory evoked
potentials were shown to have predictive value in upper limb motor recovery.
Proprioception was significantly correlated with perceived level of physical activity
and social isolation and had some predictive value in functional movements of the
upper limb. Finally, the combination of light touch and proprioception impairment
was shown to be significantly related to upper limb motor recovery as well as
handicap situations during activities of daily living.

Limitations. Heterogeneity of the included studies warrants caution when inter-
preting results.

Conclusions. Large variation in results was found due to heterogeneity of the
studies. However, somatosensory deficits were shown to have an important role in
upper limb motor and functional performance after stroke.
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troke is a major health burden

and the leading cause of serious

long-term disability around the
world.!2 One of the most cumber-
some deficits after unilateral stroke is
impairment in the contralateral
upper limb, typically seen in approx-
imately 70% of the stroke popula-
tion.34 Despite studies reporting on
motor and functional recovery of the
upper limb,>¢ information on the
contribution of somatosensory defi-
cits toward motor and functional
outcome is scant.

The term somatosensation refers to
a sensation arising from the skin,
muscles, or joints. Somatosensation
is distinct from interoceptive or vis-
ceral sensation and special senses
such as sight, hearing, smell, and
taste. Within the somatosensory sys-
tem, different modalities such as
light touch, proprioception, and
stereognosis are identified.” Somato-
sensory deficits of these modalities
appear to be common after stroke,
with prevalence rates ranging from
11% to 85%.8 Variability is thought to
be related to differences in defini-
tion, somatosensory  modalities
tested, and assessment method
used.® Most health care professionals
consider somatosensory testing an
essential part of the clinical assess-
ment process and a valuable method
of obtaining information for diagno-
sis and prognosis of functional abil-
ity.? Somatosensory impairment also
is often a concern of the patient,
emphasizing the need to accurately
monitor somatosensory impairments
with reliable assessment methods to
gain further insight into the extent of
these deficits after stroke.

Available With
This Article at

ptjournal.apta.org

e eTable: Characteristics of
Included Studies

An extensive body of animal litera-
ture suggests that the projection
from the somatosensory cortex to
the motor cortex is important in the
acquisition of new motor skills.10:11
Activation of the sensory cortex has
been linked to excitation of the
motor human cortex as well.'? The
work of Vidoni and Boyd!3 showed
that stroke-related somatosensory
deficits are associated with disrupted
motor learning. They demonstrated
that proprioceptive integrity was
strongly related to the magnitude of
behavioral change associated with
learning a repeated tracking task. Fur-
thermore, repetitive peripheral nerve
sensory stimulation has been shown to
facilitate motor performance.'4

Several studies investigated the
impact of somatosensory deficits on
outcome after stroke. Impaired
somatosensory function has been
related to a longer hospital length of
stay and dependency in activities of
daily living (ADLs).!>1¢ Previous
studies'”-'8 showed that patients
with well-preserved somatosensa-
tion achieve a greater improvement
in upper limb motor function and
are more likely to reach indepen-
dence in self-care function compared
with patients with somatosensory
deficiencies. Also, in 2 systematic
reviews,1220 some of the included
studies suggested somatosensory
loss to contribute as an independent
predictor of upper limb motor and
functional recovery. However, these
reviews were conducted to summa-
rize potential predictors of upper
limb recovery after stroke. There-
fore, the focus of these reviews was
not on the predictive value of
somatosensory impairments, as the
clinical somatosensory variables
were studied only as co-factors. Also,
only longitudinal recovery studies
were included in these reviews, and
the psychometric properties of the
predictor variables and outcome
measures were not considered. So
far, there is a range of diverse studies

with different study designs, all using
different measures of somatosensa-
tion, both clinical and neurophysio-
logical measures, to determine the
impact on various outcome mea-
sures after stroke. This variability
makes it difficult to draw rigorous
conclusions. There is need for a bet-
ter understanding of the role of dif-
ferent modalities of somatosensation
in outcome after stroke.

To our knowledge, there has been
no systematic overview of the asso-
ciation between somatosensory
impairments in the upper limb and
outcome after stroke. This informa-
tion would be useful to identify
appropriate interventions because
treatment of somatosensory impair-
ment may positively influence motor
output.® Therefore, the aim of this
study was to systematically review
the current, available literature
regarding the association of somato-
sensory impairments in the upper
limb with outcome after stroke.

Method

Data Sources and Searches

We carried out a systematic review
on the association between somato-
sensory impairments in the arm and
hand and upper limb impairment,
activity, and participation measures
after stroke. Guidelines of the Pre-
ferred Reporting Items for System-
atic Reviews and Meta-Analyses
(PRISMA) statement for reporting
systematic reviews?! were followed.
Articles were identified by searching
the following electronic databases:
PubMed (from 1966 to July 2013),
CINAHL (from 1982 to July 2013),
EMBASE (from 1980 to July 2013),
Cochrane Library (from 1993 to July
2013), PsycINFO (from 1806 to July
2013), and Web of Science (from
1955 to July 2013). The search strat-
egy was built following consultation
with an experienced librarian. Key
words for the search strategy relating
to the terms stroke, upper extrem-
ity, semsation, prognosis, correla-
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tion, and prediction, as well as their
synonyms and  plurals, were
included. The Appendix shows the
search strategy used for EMBASE,
which was adapted for the other
electronic databases. In addition, ref-
erence lists from the included arti-
cles were hand searched to detect
further relevant articles.

Study Selection

The inclusion and exclusion criteria
for article selection were as follows.
Adult participants with a diagnosis
of stroke were considered. We
included patients with both hemor-
rhagic and ischemic stroke. Articles
were selected for inclusion if the
study included at least 10 partici-
pants, as determination of clinical
prediction rules requires a minimum
of 10 participants per prognostic
variable investigated.?? As proposed
by Connell and Tyson,?3 indepen-
dent variables of interest were reli-
able and valid clinical measures of
somatosensory function in the upper
limb, such as measures of touch,
position sense, stereognosis, and so
on. Studies using neurophysiological
measures of somatosensation (ie,
somatosensory evoked potentials
[SSEPs]) also were included. Follow-
ing the International Classification
of Functioning, Disability and
Health (ICF) model,24 outcomes of
primary interest comprised standard-
ized measures of impairment, activ-
ity, and participation of the upper
limb. Only those studies with a cor-
relational analysis or integration of
the measure of somatosensation in a
predictive regression model were
included. Articles needed to be writ-
ten in English, Dutch, Finnish, or
Swedish. We excluded articles that
had mixed etiology groups if data for
participants with stroke could not be
extracted. Studies using measures of
somatosensation involving an overall
score for both upper limb and lower
limb outcome, as well as those
including only lower limb outcome
measures, also were excluded.

Data Extraction and Quality
Assessment

After removal of duplicates, eligibil-
ity assessment was performed by 2
independent reviewers (S.M. and
AHK.) by screening titles and
abstracts. This assessment was sub-
sequently followed by the assess-
ment of the full text of articles. In
case of disagreement, consensus was
reached through discussion. A spe-
cifically developed data extraction
sheet was used during the full-text
screening. Information was col-
lected about study design (cross-
sectional or longitudinal), study set-
ting, time points of follow-up
assessments, participant  details,
inclusion and exclusion criteria,
independent variables, outcome vari-
ables, statistical analysis, and results
on the association between the mea-
sure of somatosensation and the out-
come. When crucial information was
missing, the author of the article was
contacted.

The selected studies in the review
were subjected to a methodological
quality assessment according to the
validated Downs and Black quality
scale,?> which was modified to suit
the observational study designs of
the studies. Due to the lack of a gold
standard for assessing quality of
observational studies, the Downs
and Black quality scale was used, as
this scale was recommended in a sys-
tematic review?¢ of instruments for
assessing quality of observational
studies (albeit with recognized limi-
tations). Furthermore, the Cochrane
Collaboration?” recommends the
same instrument for assessing quality
in nonrandomized studies. There-
fore, we used the Downs and Black
scale. Eight questions of this quality
appraisal instrument (questions 4, 8,
14, 15, 19, 23, 24, and 27), therefore,
were not applicable due to the
nature of the observational study
designs included in this review.
Additionally, 2 other items (ques-
tions 9 and 26) were not applicable

for studies with a cross-sectional
design. Therefore, when all remain-
ing items were positively appraised,
total scores of 20 and 18 points
could be assigned to studies with a
longitudinal design and a cross-
sectional  design, respectively.
Finally, the total scores were trans-
formed to a percentage. Although no
cutoff score is available for the
Downs and Black quality scale to
identify high-quality studies, a previ-
ous study?® using a similar quality
scale showed that studies should
have a score of at least 65% of the
maximum possible score to be clas-
sified as having substantial quality.
Therefore, a cutoff score of =65%
was used for inclusion in this review.
Both data extraction and quality eval-
uation checklists were completed by
2 independent reviewers (S.M. and
AHXK), and, in case of disagree-
ment, consensus was reached
through discussion.

Data Synthesis and Analysis

The heterogeneity among studies
with regard to the population,
somatosensory, and outcome vari-
ables used precluded a pooling of
results in a formal meta-analysis.
Therefore, a descriptive review of
the results of the included studies is
reported, according to the different
outcome measures within the
domains of the ICF model.?4 Within
each domain, results are presented
according to the somatosensory
modalities that were measured.

Results

Characteristics of the Included
Studies

Our search identified a total of 3,440
hits. A flowchart of the selection pro-
cess is shown in the Figure. The pro-
cess yielded a total of 6 articles2®-34
for inclusion in this systematic
review.

The main characteristics of the
included articles, such as patient char-
acteristics and the somatosensory and
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4
! 2,690 papers excluded:

3,440 records identified through
database searching

2,809 papers screened

630: CINAHL
1,510: EMBASE
591: PubMed
163: PsycINFO
80: Cochrane Library
466: Web of Science

’

! |
E 1,360: other population :<
1 508: effectiveness of therapy .
. 47: conference abstract :
i 126: no dlinical study ! Yol
. 84: n<10 . //— .
1 467:no measure of somatosensation : . /105 full-text articles excluded: Y
. 41 reviews ' 119 full-text a.rt'lc!gs : . . 1
' 57: other language ; assessed for eligibility ! 39: no reliable or valid . :
\ . somatosensory measure in 1
N e —————— - ' upper limb .
»: 26: no measure of somatosensation :
V' 7:reviews .
v 1 12: somatosensory variable not in .
' correlation or prediction .
7 additional records 14 articles eligible 1 4:mixed etiology groups X
identified through gray ! 2:not only adults X
literature searching : 5: conference abstract of included :
: study or letter to editor .
______________ R 1 4:same study or part of other :
I" . ' study included article :
1 2 full-text articles \ V' 6:n<10 )
: excluded: :4 ‘\\ . R
E 1: no reliable or valid E — 19 articles assessed for quality |~~~ " T TTTTTTTTTTC -
! somatosensory 1
1 measure in upper limb jmmmmmmmmmmmmm e ————a -,
e somatosensory . >: 13 articles excluded based on low 1
: variable not in : : quality (£65% of maximum score) :
: ! '

correlation or prediction
7

Figure.

Y

6 articles included in review

Flowchart showing how studies were derived. Gray literature searching encompasses searching the reference lists of articles already

eligible for inclusion.

outcome measures used, are shown in
the eTable (available at ptjournal.
apta.org). Five articles?®-31.33.34 had a
longitudinal design, and 1 article3? had
a cross-sectional design. Cumulatively,
these 6 articles involved 694 adult par-
ticipants with stroke. The sample size
reported within the included articles

ranged from 643! to 22234 at baseline,
and half of the studies3>33.34 had an
initial sample size of more than 100
participants.  Three  articles?31.33
included patients in the early phase
after stroke, ranging from the first
week?® to 1 month3! after stroke,
whereas 1 article3? focused on

patients in the chronic phase (ie, more
than 6 months after stroke). With
regard to the type of stroke, 58% of the
patients were classified with infarc-
tion, 6% were classified with hemor-
rhage, and for 36% of the patients, the
pathology was unavailable. In the lon-
gitudinal studies reporting loss to fol-
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low-up,?°-31.33 the percentage of par-
ticipants lost to follow-up varied
between 12%33 and 23%.3°

A wide range of somatosensory vari-
ables, including neurophysiological
and clinical somatosensory mea-
sures, was reported on. The search
process identified 1 study?3! that mea-
sured SSEPs over the trajectory of the
median nerve at the wrist. Further-
more, the Fugl-Meyer sensory assess-
ment of the upper limb, assessing
light touch and proprioception, was
used in 3 studies.3933-34 This valid
and reliable test is used extensively
in stroke studies.3> Investigating
light touch by wusing Semmes-
Weinstein ~ monofilaments  was
described in 1 study.?® Intraclass cor-
relation coefficients greater than .90
were reported for both interrater
and intrarater reliability.?° Two-point
discrimination?® and the revised Not-
tingham Sensory Assessment (NSA)32
were similarly only tested occasion-
ally, both being reliable assessment
methods?®3¢  for  somatosensory
functioning. None of the studies
combined SSEPs and a clinical
somatosensory measure to evaluate
the prognostic information of both
type of measures.

Six different outcome measures
were identified in the included stud-
ies. Of these, according to the classi-
fication proposed by Connell and
Tyson,3” 3 outcome measures
assessed upper limb impairments:
the Fugl-Meyer motor  assess-
ment,3133 shoulder pain,33 and the
Action Research Arm Test (ARAT).2°
Only 1 measure of activity limitations
was used in the included studies: the
Motor Activity Log.34 Additionally, 2
articles reported outcomes at the
participation level.30:32

The included studies also used a
wide range of follow-up periods,
ranging from 1 month after dis-
charge from the rehabilitation cen-
ter33 to approximately 2 years after

stroke.>¥ Most of the studies used
fixed time points for measurements,
such as 3 months,?° 6 months,29:31 or
12 months3' after stroke. Multiple
regression analysis was used in all 6
studies.

Results regarding the association
between somatosensory deficits and
outcome after stroke and an over-
view of the methodological quality
assessment of the 6 included studies
are shown in the Table.

Body Function

Light touch and proprioception
(Fugl-Meyer  sensory  assess-
ment). In the study by Paci et al,33
a very small proportion of the vari-
ance in motor performance in the
upper limb 1 month after admission
to the rehabilitation center could be
explained by the ability to feel light
touch and proprioception in the
upper limb (measured on admission
to the rehabilitation  center
[R*=.01]). The somatosensory vari-
able was not retained as a predictive
factor for shoulder pain at follow-up.

Somatosensory evoked poten-
tials. In the study by Feys et al,3!
SSEPs, measured on admission to the
rehabilitation center, were shown to
have predictive value in upper limb
motor outcome at 6 and 12 months
after stroke. The somatosensory
impairment accounted for 8% in the
explained variance of upper limb
motor outcome.

Two-point discrimination.
Au-Yeung? found significant odds
ratios of 0.51 to 0.83 for the relation-
ship between 2-point discrimination,
measured at the first 3 weeks after
stroke and an outcome of more than
35 points on the ARAT at 3 and 6
months after stroke. This finding
indicates that patients who are able
to discriminate between 2 points at
the distal pulp of their index finger
in the acute phase after stroke have a

greater chance of achieving dexter-
ity at 3 and 6 months after stroke.

Pressure perception. The level of
pressure perception, as measured
with monofilaments, was not
retained as a predictive factor for
recovery of dexterity in the study by
Au-Yeung.?®

Activity

Light touch and proprioception
(Fugl-Meyer  sensory  assess-
ment). In the study by Park et al,34
a significant odds ratio of 0.2 for the
relationship between propriocep-
tion measured with the Fugl-Meyer
sensory assessment at 3 to 9 months
after stroke and the quality of move-
ment subscale of the Motor Activity
Log 12 months later was demon-
strated. A statistically nonsignificant
relationship was found for the light
touch subscale of the Fugl-Meyer
sensory assessment.

Participation

Light touch and proprioception
(Fugl-Meyer  sensory  assess-
ment). Desrosiers et al>° found a
low but significant univariate corre-
lation (r=.24) between the Fugl-
Meyer sensory assessment assessing
light touch and proprioception at
discharge from the rehabilitation
center and the handicap situations
during ADLs and social roles, as
assessed with the Assessment of Life
Habits questionnaire 6 months later.

Tactile sensation, proprioception,
and stereognosis (revised Not-
tingham Sensory Assessment).
In a cross-sectional study in the
chronic phase after stroke by Morris
et al,32 a low but significant negative
correlation (r=—.17, r=—.25) was
only found between proprioceptive
dysfunction and the perceived phys-
ical activity subscale and social isola-
tion subscale of the Nottingham
Health Profile. The somatosensory
variable could not be retained in the
multiple regression analysis.
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Table.
Results of Association of Somatosensory Deficits With Outcomes After Stroke?
D&B
Score Somatosensory Measure Outcome Measure
Study (%) (Time Point) Statistical Analysis (Time Point) Results
Body Function
Au-Yeung, 80 | 2PD; monofilaments-light Multiple logistic ARAT =35 (3 mo, 6 mo) | 3 mo: 2PD 1 wk: OR=0.74"
200622 touch (1 wk, 2 wk, 3 wk, regression; odds 2PD 2 wk: OR=0.75"
4 wk, 2 mo) ratios 2PD 3 wk: OR=0.72°
2PD 4 wk and 2 mo:
not retained in multiple
regression model
Light touch: not retained in
multiple regression model
6 mo: 2PD 1 wk: OR=0.83"
2PD 2 wk: OR=0.5"
2PD 3 wk: OR=0.74°
2PD 4 wk and 2 mo: not
retained in multiple regression
model
Light touch: not retained in
multiple regression model
Feys et al, 65 | SSEP median nerve: present vs | Multiple regression FM motor assessment 2 mo: not retained in multiple
200031 absent (admission upper limb (2 mo, regression model
rehabilitation) 6 mo, 12 mo) 6 mo: R?=.0838"
12 mo: R?=.0864°
Paci et al, 80 FM sensory assessment upper | Multiple regression FM motor assessment FM motor assessment upper limb
200733 limb-light touch and upper limb R?=.01°
proprioception (admission Shoulder pain (30-40 d Shoulder pain not retained in multiple
rehabilitation) later) regression model
Activity
Park et al, 80 | FM sensory assessment upper | Univariate logistic MAL-quality of movement | Univariate:
200834 limb-light touch and regression; (12 mo later) Light touch: p=-0.538
proprioception multivariate Proprioception: B=-1.430°
(3-9 mo) logistic regression Multivariate:
Proprioception: OR=0.2 (0.06-0.59)"
Participation
Desrosiers et al, 80 | FM sensory assessment upper | Pearson correlation LIFE-H questionnaire r=.24b
200230 limb-light touch and coefficient; (6 mo later) Not retained in multiple regression
proprioception (discharge multiple regression model
rehabilitation)
Morris et al, 83.3 | Revised NSA-tactile sensations, | Bivariate correlations; | Health-related QOL: NHP total:
201332 proprioception, stereognosis multiple linear Nottingham Health Proprioception: r=—.20

(6 mo)

regression

Profile: energy, sleep,
social isolation, pain,
emotion, physical
mobility
(cross-sectional: 6 mo)

Stereognosis: r=—.09
Tactile sensation: r=—.11

NHP social isolation:
Proprioception: r=—.17"
Stereognosis: r=—.16
Tactile sensation: r=—.18

NHP physical activity:
Proprioception: r=—.25"
Stereognosis: r=.02
Tactile sensation: r=—.03

Not retained in multiple regression
model

Other subscales NHP: nonsignificant
correlations

? DB=Downs and Black scale, 2PD=2-point discrimination, SSEP=somatosensory evoked potentials, ARAT=Action Research Arm Test, FM=Fugl-Meyer,
OR=o0dds ratio, NSA=Nottingham Sensory Assessment, MAL=Motor Activity Log, LIFE-H=Assessment of Life Habits questionnaire, QOL=quality of life,
NHP=Nottingham Health Profile.
b Significant at P<.05.
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Discussion

It was the aim of this study to sys-
tematically review and summarize
the current, available literature
regarding the association of somato-
sensory impairments in the upper
limb with outcome after stroke. We
identified a total of 6 high-quality
studies that reported on the influ-
ence of somatosensory impairments
in the upper limb on impairments in
body function, activity, and partici-
pation after stroke. These studies
showed that 2-point discrimination
is a good predictor for upper limb
dexterity and that SSEPs have predic-
tive value in upper limb motor recov-
ery. Additionally, proprioception
was shown to be significantly corre-
lated with the perceived level of
physical activity and social isolation
and had some predictive value for
the quality of functional movements
in the upper limb. Finally, the com-
bination of light touch and proprio-
ception impairment was shown to
be significantly related to both upper
limb motor recovery and handicap
situations during ADLs and social
roles. In 4 out of 6 studies, the
somatosensory variable could be
retained as independent predictor,
but with rather low scores in
explained variances.

Coupar et al'® systematically
reviewed the literature on potential
predictors of upper limb motor and
functional recovery after stroke. The
authors also found evidence for the
association between the presence of
SSEPs and better upper limb recov-
ery, but they found inconclusive evi-
dence for an association between
clinical somatosensory deficits and
upper limb function. It is important
to notice that our systematic review
had a different emphasis. We
included both cross-sectional and
longitudinal studies to explore only
the association of somatosensory
deficits with different outcomes after
stroke. Furthermore, we included
only reliable and valid measures of

somatosensation. This approach
resulted in a clear difference in the
number of studies included in both
reviews. Coupar and colleagues'®
included 19 studies addressing
somatosensory deficits after stroke.
Our review included only 4 of these
studies because of our methodologi-
cally rigorous inclusion and exclu-
sion criteria. Additionally, we identi-
fied  another 2 high-quality
studies3©:32 in order to give a more
focused and comprehensive review
on this topic.

Critical Considerations

Some limitations regarding the stud-
ies included in our review need to be
addressed. First, it is important to
note that almost 40% of the full-text
articles we screened for eligibility
were excluded based on the absence
of psychometric data of the clinical
somatosensory measure in the upper
limb. This finding revealed the large
number of nonstandardized mea-
sures of somatosensation used for
research purposes, but probably also
in the clinical setting. Unfortunately,
all efforts invested when conducting
these studies are nullified when
assessments of unknown psychomet-
ric quality are used. Given these find-
ings, it is remarkable that the Not-
tingham Sensory Assessment was
used in only 1 of the included stud-
ies, although it was the recom-
mended somatosensory outcome
measure in a systematic review by
Connell and Tyson?? regarding out-
come measures of somatosensation
in neurological conditions. Further-
more, more objective somatosensory
measures may have an additional
predictive value. A relatively new,
promising somatosensory measure is
the perceptual threshold of touch,3®
in which high-frequency transcuta-
neous electrical nerve stimulation is
used to activate cutaneous receptors
of light touch and their Af-fibers in
order to determine the threshold of
touch in an objective way. Further
research is needed to determine the

usefulness in clinical practice of this
new technique and the predictive
value on outcome after stroke. Addi-
tionally, robotic devices may help to
detect proprioceptive disorders in a
more standardized way. Arm posi-
tion matching tasks with both arms
positioned on an exoskeleton
robotic device allow different vari-
ables to be tracked more accurately
and provide reliable 2- or
3-dimensional quantifications of def-
icits in position sense.>®

Second, we noted a low proportion
of participants included in the stud-
ies with an initial diagnosis of
somatosensory impairments or only
mild somatosensory deficits that
were present in studies examining a
cohort of people after stroke. Of
particular interest is the contribution
of somatosensory impairments in
motor and functional outcomes in a
study sample in which a large pro-
portion of patients are encompassed
with somatosensory impairments or
patients experience more severe
somatosensory impairment. These
considerations could lead to differ-
ent results regarding the contribu-
tion of somatosensory impairments
in the explained variances of the out-
come variable. Furthermore, none of
the studies explored the lesion loca-
tion and volume of the stroke. This
would seem to be an important fac-
tor affecting somatosensation. In 3 of
the 6 included studies, magnetic res-
onance imaging findings were stud-
ied as 1 of the other independent
variables in the regression models.
Only 1 study (Au-Yeung?®) demon-
strated a significant correlation with
outcome after stroke. None of the
studies investigated the relationship
between the location and extent of
the lesion with somatosensory
impairments.

Finally, we need to consider the
methodological quality of the stud-
ies. Thirteen out of 19 studies eligi-
ble for inclusion had only poor to
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moderate quality (score <65% of the
maximum score) and, therefore,
were excluded from this review.
This finding indicates that most of
the studies (68%) in this research
field are of insufficient rigor to allow
meaningful conclusions; therefore,
results need to be interpreted with
caution. Although we acknowledge
the difficult nature of carrying out
this kind of study, new large, high-
quality cohort studies will be needed
in the future.

An important consideration of our
review relates to the heterogeneity
of the included studies, which war-
rants caution when interpreting our
results. Many different study designs,
somatosensory variables, and out-
come measures were used, and there
was great variability in lengths of
follow-up, data analysis, and presen-
tation methods. Five of the included
studies had a longitudinal design,
which is crucial to assess the impact
of somatosensory problems on
recovery after stroke. However,
based on previous literature, high-
quality cross-sectional studies also
may provide valuable information.
The cross-sectional study included in
this review allows us to gain insights
into the time-independent relation-
ship between somatosensation and
health-related quality of life at 6
months after stroke.

The heterogeneity of the included
studies also prevented us from pool-
ing data and drawing more detailed
conclusions about the impact of dif-
ferent somatosensory modalities,
such as light touch or propriocep-
tion, on upper limb motor and func-
tional outcome after stroke. Bias in
setting and study participants needs
consideration when indirectly com-
paring results across studies. Further-
more, the question of whether neu-
rophysiological measures have a
higher predictive value compared
with clinical somatosensory mea-
sures in outcome after stroke could

not be answered due to the small
number of high-quality studies using
neurophysiological measures of
somatosensation and the lack of
studies combining both neurophysi-
ological and clinical somatosensory
measures in predicting motor out-
come after stroke. Moreover, we
expected to find stronger correla-
tions in cross-sectional studies than
in longitudinal studies. Conversely,
we could not find any differences in
results between cross-sectional and
longitudinal studies, possibly due to
the high heterogeneity of the
included studies and the small
amount of high-quality cross-
sectional studies. Another drawback
is publication bias. Studies with sig-
nificant results are more likely to be
published. We addressed this limita-
tion through a rigorous searching
process in different databases. It is
reassuring that our search identified
studies similar to those in other
recent reviews in this area.

Finally, it should be noted that the
quality assessment criteria are also a
concern with this type of review.
Because of the lack of a gold stan-
dard for assessing quality of observa-
tional studies, we modified the meth-
odological quality assessment of the
Downs and Black quality scale.?>
This scale originally was designed to
assess the methodological quality
both of randomized and nonrandom-
ized studies of health care interven-
tions. Different questions of this
quality appraisal instrument were
not applicable due to the nature of
the observational study designs
included in this review. Through
omitting 2 additional questions in
the quality appraisal of cross-
sectional studies, we can guarantee
that the quality assessment was not
biased toward longitudinal studies
and that there was no penalization of
studies with a cross-sectional design.
Important to note is the fact that
some of the articles included for
quality appraisal were published

long before the concepts brought
forward in the article by Downs and
Black were ever published. This may
be 1 factor explaining the low scores
in the quality rating.

Implications for Practice
Recommendation  for  practice
includes the use of reliable and valid
measurement  instruments. The
importance of somatosensory testing
as an essential part of the clinical
assessment process is recognized by
both patients and health care person-
nel,” emphasizing the need for accu-
rate, reliable assessment methods. As
pointed out above, a huge dropout
of studies was attributed to the
unpublished psychometric proper-
ties of the included measures of
somatosensation. The recent publi-
cation proposed by Connell and
Tyson?3 offers a guideline for using
reliable, valid, and clinically useful
measures  of  somatosensation.
Although the measurement of all
somatosensory  modalities looks
impracticable and difficult to justify
in the clinical setting in patients with
stroke, we do recommend 1 testing
of each modality of somatosensation,
such as light touch, pressure, pin-
prick, proprioception, discrimina-
tion tasks, and stereognosis. Further-
more, it is important to assess
patients from the acute phase after
stroke along the rehabilitation pro-
cess to accurately monitor progress.
Also, up to now, results from
somatosensory assessments have not
been routinely used to set goals for
treatment programs. Treatment of
somatosensory deficits is needed
because it also may positively influ-
ence motor output.®

A recent systematic review con-
ducted by Doyle et al” examined
interventions for somatosensory
impairment in the upper limb after
stroke and indicated insufficient evi-
dence about the effects of treatment
interventions. This finding was
attributed to the large variety of
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interventions and the small number
of included articles. Still, some of the
studies included in the review of
Doyle et al suggested preliminary
evidence for the effects of some spe-
cific interventions, such as thermal
stimulation and intermittent pneu-
matic compression for improving
somatosensation after stroke.
Another recent randomized con-
trolled trial“® provided evidence for
improvement in functional sensory
discrimination capacity after stroke
when providing patients intensive
sensory  discrimination  training
based on perceptual learning for a
total of 10 hours. These findings pro-
vide support for introducing inter-
ventions for somatosensory impair-
ment in rehabilitation programs for
patients with stroke.

Implications for Research

This review has highlighted the need
to use reliable and valid measures
of somatosensory functions in
research. Additionally, more stan-
dardized somatosensory measures,
such as the perceptual threshold of
touch,3® need to be investigated to
determine the predictive value on
outcome after stroke. Furthermore,
important gaps in the current knowl-
edge need to be addressed. First, this
review showed a large range in
strength of the relationship between
somatosensory and motor or func-
tional outcome after stroke. Larger,
high-quality cohort studies combin-
ing neurophysiological and clinical
somatosensory measures of different
modalities are needed to determine
this relationship with more accu-
racy. Second, the relationship
between the lesion location and
extent of the stroke with somatosen-
sory impairments needs to be further
explored, as this information will
increase our insights into the neural
correlates of somatosensory process-
ing. Third, the quality assessment of
observational studies needs to be
standardized, and validity needs to
be established. Finally, insights are

lacking regarding the extent of defi-
cits in different somatosensory
modalities and the recovery patterns
of the different somatosensory
modalities after stroke. These
insights are crucial in guiding and
delineating treatment interventions
for somatosensory deficits in
patients with stroke.
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Appendix.
Search Strategy Used for EMBASE and Adapted for the Other Databases
No. of Searches Results
1 exp cohort analysis/ 117,266
2 incidence.sh. 163,175
3 exp mortality/ 402,196
4 follow up/ 518,734
5 prognos$.tw. 300,513
6 predict$.tw. 759,488
7 course$.tw. 317,689
8 predictor$.tw. 194,676
9 exp statistical model/ 83,263
10 Tor2or3or4or5or6or7or8or9 2,149,121
11 exp cerebrovascular disease/ 278,019
12 exp basal ganglion/ 63,154
13 exp brain ischemia/ 64,190
14 exp carotid artery disease/ 28,970
15 exp cerebrovascular accident/ 35,741
16 exp brain infarction/ 33,297
17 exp brain ischemia/ 64,190
18 intracranial hypertension/ or intracranial aneurysm/ or intracranial pressure/ 22,270
or intracranial hypotension/
19  exp brain hemorrhage/ 50,388
20 exp brain embolism/ 3,845
21 exp brain arteriovenous malformation/ 3,887
22 exp brain vasospasm/ 3,683
23 artery dissection/ 4,643
24 stroke.tw. 132,327
25 poststroke.tw. 2,446
26 post-stroke.tw. 4,267
27 cerebrovasc$.tw. 28,724
28  brain vasc$.tw. 652
29 cerebral vasc$.tw. 4,308
30 cva$.tw. 2,818
31 apoplex$.tw. 1,153
32 SAH.tw. 6,179
33 exp hemiplegia/ 6,373
34 exp paresis/ 3,898
35 hemipleg$.tw. 5,736
36 hemipar$.tw. 7,980
37 paresis.tw. 5,451
38 paretic.tw. 1,526
39 Tlor12or13or14or150r16 or 17 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 389,644
or 29 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38
40 10 AND 39 108,798
(Continued)
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Appendix.
Continued

No. of Searches Results
41 exp arm/ 76,240
42 (upper adj3 (limb$ or extremity)).tw. 23,134
43 arm.tw. 74,444
44 shoulder.tw. 29,863
45 elbow.tw. 15,038
46 forearm.tw. 19,668
47 hand.tw. 196,447
48 wrist.tw. 16,971
49 finger.tw. 35,216
50 fingers.tw. 12,217
51 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 381,951
52 40 AND 51 4,262
53 exp sensation/ 10,789
54 sensory dysfunction/ 9,078
55 motor performance/ 29,998
56 convalescence/ 28,267
57 functional assessment/ 37,419
58 53 or 54 or 55 or 56 or 57 110,746
59 52 AND 58 699
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