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ABBREVIATIONS

SEF Somatosensory evoked field

SEP Somatosensory evoked

potential

AIM To synthetize studies assessing somatosensory deficits and alterations in cerebral

responses evoked by somatosensory stimulation in individuals with cerebral palsy (CP)

compared to typically developing individuals.

METHOD A scoping review of the literature was performed in the MEDLINE, Embase,

PsycInfo, CINAHL, Evidence-Based Medicine Reviews, and Web of Science databases (last

search carried out on 6th and 7th August 2020) with a combination of keywords related to CP

and somatosensory functions. Somatosensory deficits were measured with clinical tests and

alterations in cerebral responses were measured with functional magnetic resonance

imaging, electroencephalography, and magnetoencephalography.

RESULTS Forty-eight articles were included. Overall, 1463 participants with CP (mean [SD]

age 13y 1mo [4y 11mo], range 1–55y; 416 males, 319 females, sex not identified for the

remaining participants) and 1478 controls (mean [SD] age 13y 1mo [5y 8mo], range 1–42y;

362 males, 334 females, sex not identified for the remaining participants) were included in

the scoping review. For tactile function, most studies reported registration (8 out of 13) or

perception (21 out of 21) deficits in participants with CP. For proprioception, most studies

also reported registration (6 out of 8) or perception (10 out of 15) deficits. Pain function has

not been studied as much, but most studies reported registration (2 out of 3) or perception (3

out of 3) alterations. Neuroimaging findings (18 studies) showed alterations in the

somatotopy, morphology, latency, or amplitude of cortical responses evoked by

somatosensory stimuli.

INTERPRETATION Despite the heterogeneity in the methods employed, most studies reported

somatosensory deficits. The focus has been mainly on tactile and proprioceptive function,

whereas pain has received little attention. Future research should rigorously define the

methods employed and include a sample that is more representative of the population with

CP.

Cerebral palsy (CP) is a neurodevelopmental disorder
caused by non-progressive disturbances occurring in the
fetal or infant brain and is characterized by permanent and
non-progressive motor, sensory, perceptive, cognitive,
communicative, and/or behavioral deficits.1 Historically,
rehabilitation has focused mainly on motor deficits, but
increasing attention has been paid to sensory impairments.2

Across the various sensory impairments, the somatosensory
system, which includes all peripheral and central compo-
nents involved in the transmission and processing of sen-
sory information arising from superficial or cutaneous
receptors and/or from the musculoskeletal system, has
received the most attention. This recent increase in interest
for somatosensory deficits in CP is mainly explained by the
fact that the somatosensory system is intimately related to
the motor system. Therefore, somatosensory deficits are
likely to partially explain and/or exacerbate motor

impairments,3,4 leading some authors to consider CP as a
sensorimotor disorder.5,6

A systematic review published in 2013 focused on
somatosensory function in relation to precision grip con-
trol in children with unilateral CP and found that despite
these children exhibiting significant impairments both at
the sensory and motor level, there was no clear relation-
ship between these two types of deficits.7 At the
somatosensory level, two main modalities were tested in
children with unilateral CP: proprioception and tactile
function, including stereognosis.7 However, this review
focused only on unilateral CP, which represents less than
one-third of children with CP (for a meta-analysis, see
Himpens et al.8). Moreover, the absence of quality assess-
ment of the articles included in the review limits the possi-
bility to assess methodological bias and make conclusions
about the severity of somatosensory deficits in children
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with unilateral CP. Finally, the use of somatosensory
assessments has increased in the literature in the last dec-
ade due to renewed interest in somatosensory deficits in
CP. For instance, important work has been done to cate-
gorize tactile deficits, assess psychometric properties of
clinical tactile assessments,9 and provide a framework to
increase efficiency in tactile treatments.9,10 To better
understand alterations in tactile assessments, Auld et al.
suggested dissociating between registration (stimulus detec-
tion by the somatosensory system) and perception
(‘understand, interpret or give meaning to sensory stimuli’)
to guide clinical practice and research.9 Moreover, more
attention has been paid to pain perception,11–13 which is
recognized as a serious issue in CP,14 and propriocep-
tion.15,16 For example, recent laboratory assessments have
been used to assess proprioception in individuals with CP
more precisely16 and rehabilitation programs have focused
on proprioception treatments in individuals with CP.15 In
addition, an increasing literature combines behavioral
assessment and neuroimaging tools to objectivate
somatosensory alterations.17–19 Finally, somatosensory defi-
cits in adults with CP are increasingly assessed11,20,21 and
might differ from those observed in children.22

Therefore, the primary objective of this scoping review
was to synthetize studies assessing somatosensory deficits
in children and adults with CP compared to typically
developing individuals. Since most somatosensory assess-
ments depend on subjective reports, a secondary objective
was to identify studies assessing alterations in cerebral
responses evoked by somatosensory stimulation in individ-
uals with CP compared to typically developing individuals.
More specifically, this scoping review focuses on behavioral
and neuroimaging studies.

METHOD
The protocol for this review was registered with the
PROSPERO network (https://www.crd.york.ac.uk/prospe
ro/; registration number: CRD42020185046).

Data sources
The systematic literature search was conducted in six
online databases: MEDLINE (Ovid); Embase (Ovid); Psy-
cInfo (Ovid); CINAHL (EBSCOhost); Evidence-Based
Medicine Reviews (Ovid); and Web of Science (Science
Citation Index Expanded, Social Sciences Citation Index,
and Emerging Sources Citation Index). It was initially run
on 4th July 2019 and then rerun on 6th August 2020
(MEDLINE, Embase, PsycInfo) and 7th August 2020
(CINAHL, Evidence-Based Medicine Reviews, Web of
Science). The search strategy was developed with a profes-
sional librarian. It explored two main concepts (‘cerebral
palsy’ and ‘somatosensory function’) and used a combina-
tion of controlled vocabulary and free-text terms. No lan-
guage or date limit was applied. In accordance with the
inclusion criteria, conference abstracts, dissertation
abstracts, and books were excluded in the relevant data-
bases. The full search strategy for each database is

described in Table S1 (online supporting information).
The bibliographical references of the studies included in
the review were also searched for additional relevant arti-
cles.

Duplicates were removed by the librarian using End-
Note (Clarivate Analytics, Philadelphia, PA, USA) accord-
ing to the deduplication method suggested by Bramer
et al.23 Search results were exported to Covidence (https://
www.covidence.org/), an online program optimized for
review management. First, two review authors indepen-
dently screened titles and abstracts to remove irrelevant
articles. Then, they reviewed the full text of potentially rel-
evant studies to determine their eligibility. Both authors
completed the study selection and data extraction. In case
of disagreement, studies were reassessed until consensus
was reached. The process used to select the articles for this
review follows the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines.

Inclusion criteria
Studies were included if they met the following criteria: (1)
they involved human participants (children or adults) with
a diagnosis of CP; (2) they involved a control group com-
posed of human participants (children or adults) with typi-
cal development and no other neurological conditions; (3)
they assessed somatosensory function with behavioral mea-
sures (main objective) or assessed cerebral responses
evoked by somatosensory stimulation (secondary objective);
(4) they were research papers that included an original data
set (single case studies, conference abstracts, and reviews
were excluded) to increase objectivity and reduce the risk
of including duplicate data sets; (5) they were published in
a peer-reviewed journal in English, French, or other lan-
guages that could be translated in a satisfactory manner
with free online translation tools, such as Google Trans-
late.

Data extraction
The following information was extracted from each study:
(1) name of the first author and year of publication; (2)
country of origin; (3) study’s setting and conflicts of inter-
ests; (3) aim/purpose of the study; (4) participant character-
istics (number of participants, age, sex, CP etiology,
Manual Ability Classification System and Gross Motor
Function Classification System levels, type of CP [unilat-
eral or bilateral and spastic or non-spastic]). For the type
of CP, the classification proposed by the Surveillance of
Cerebral Palsy in Europe was used.24 According to this

What this paper adds
• Most of the papers reviewed found tactile registration and perception defi-

cits in the upper limbs.

• Proprioceptive deficits were generally observed in cerebral palsy but results
were heterogeneous.

• Pain has received little attention compared to tactile and proprioceptive
functions.

• Neuroimaging studies supported behavioral observations.

• Alterations were observed for both the most and least affected limb.
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scoping review, categorizing between unilateral/bilateral
and spastic/non-spastic is the best approach to absorb the
large heterogeneity across studies when traditional classifi-
cations are used (motor, topography, functional level, or
birth);24 (5) tested body part(s); (6) subcategories of
somatosensory function (see the next section for more
details); (7) somatosensory tests and results. For neu-
roimaging studies, additional data were extracted: (1) neu-
roimaging method (e.g. electroencephalography [EEG],
magnetoencephalography, functional magnetic resonance
imaging [fMRI]); (2) types of measures (morphology,
latency, amplitude, and/or somatotopy) and results.

As shown in Figure 1 and according to the International
Classification of Functioning, Disability and Health vali-
dated for CP,25 somatosensory function was categorized
into three subtypes: tactile, proprioception, and pain. For
each subtype, two domains were considered: registration
(or sensation) and perception.9 First, registration refers to
the external or internal stimulus detection by the
somatosensory receptor, that is, when the stimulus exceeds
the receptor sensory threshold. For tactile and pain func-
tions, registration can be subdivided according to mechani-
cal (e.g. vibration threshold, tactile threshold with
monofilaments, pain pressure threshold with pinprick) and
thermal (e.g. cold/hot detection or pain threshold) stim-
uli.9,26 For proprioception, registration refers to the detec-
tion of movement (e.g. identifying when a limb is passively
moved or identifying the direction of movement).27 Sec-
ond, perception is to ‘understand, interpret or give mean-
ing to sensory stimuli’.9 For tactile and pain functions,
perception gathers spatial (e.g. stereognosis, two-point dis-
crimination, graphesthesia, localization of painful stimula-
tion), temporal (e.g. judgment of tactile temporal order,
temporal summation), and modality-specific components
(e.g. texture discrimination, size of coins).9 For propriocep-
tion, perception refers to the sense of limb position and
movement (e.g. matching the position of one limb with the
contralateral limb).27

Quality assessment
The quality of the included studies was assessed with the
Kmet quality assessment28 to identify the strengths and
weaknesses of each study included in this scoping review.
The scale consists of 14 items rated from 0 to 2 (0, the
paper does not meet the criterion; 1, the paper partially
meets the criterion; 2, the paper meets the criterion)
assessing the study objective and design, participant char-
acteristics, measures and methods of analyses, results, and
conclusions. Two authors independently assessed each arti-
cle. Any discrepancy was resolved by consensus. The sum-
mary score for each paper was expressed as the percentage
of the potential maximum score (total sum divided by the
total possible sum). The total possible sum equaled 22
since items relative to interventional studies were not con-
sidered. A Cohen’s weighted j score was used to determine
the consensus interrater agreement for (1) each article and
(2) each checklist item of the quality assessment tool.

RESULTS
Literature search results
A total of 9766 records were retrieved (including additional
records identified through other sources). After discarding
duplicates, the titles and abstracts of 4882 references were
screened; 114 full-text articles were assessed for eligibility
and 66 were excluded because they were not original
research29–47 (n=19), they did not assess somatosensory
processing48–65 (n=18), they did not include a control
group66–81 (n=16), they were not in English or French and
they could not be translated using free online tools82–88

(n=7), they did not include individuals diagnosed with
CP89–91 (n=3), or their full text was not available92–94 (n=3,
all published before 1960). Therefore, 48 articles met the
inclusion criteria and were included in this scoping review
(Fig. S1, online supporting information).

Results of quality assessment
Interrater consensus agreement was very good for the sum-
mary score of the 48 studies according to the weighted
Cohen’s j (j=0.81, SD=0.14, range 0.59–1) and good for
each checklist item (j=0.79, SD=0.11, range 0.65–1). See
Table S2 (online supporting information) for detailed results.

Overall, the mean summary score was 14.5 out of 22
(SD=3.10; see Tables S3–S6, online supporting informa-
tion, for the details of the mean summary score for each
study).

As shown in Table S2, most of the items of the Kmet
quality assessment had an average score of approximately
1.5, meaning that the response was between ‘partial yes’
and ‘yes’, except for item 8. This item had an average score
of 0.85 (response between ‘no’ and ‘partial yes’) and was
relative to the outcomes (well defined and robust to mea-
surements/misclassification bias).

Study characteristics
Tables S3 to S6 present the summaries of the sample charac-
teristics, methods, and results of each study included in this
review according to the category of somatosensory function
(tactile function, proprioception, pain function, and neu-
roimaging studies). Tables S7 and S8 (online supporting
information) describe respectively the clinical tests and neu-
roimaging methods used in the studies included in this scop-
ing review. No studies reported any conflicts of interest.
Sources of funding, conflicts of interest, study setting, aim/
purpose, and the country of origin of each study are reported
in Table S9 (online supporting information). Of the 48 stud-
ies, 23 were conducted in North America, 21 in Europe, two
in South America, one in Asia, and one in Oceania.

Overall, 1463 participants with CP (mean [SD] age 13y
1mo [4y 11mo], range 1–55y; 416 males, 319 females, sex
not identified for the remaining participants) and 1478
controls (mean [SD] age 13y 1mo [5y 8mo], range 1–42y;
362 males, 334 females, sex not identified for the remain-
ing participants) were included in this scoping review. One
study did not report the age of its participants; of the 47
other studies, 38 involved only children, two only adults,
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and seven adults and children. To compare participants
with CP to controls (i.e. typically developing individuals),
eight studies only matched the age and 27 matched both
the age and the sex between the two groups. The type of
CP was reported in 41 studies. Of the 1463 participants
with CP, 41.9% had unilateral CP and 41.4% had bilateral
CP. Moreover, 42.7% of participants had spastic CP. The
etiology of CP was reported in 14 studies. Only 11 studies
reported Manual Ability Classification System and/or
Gross Motor Function Classification System levels.
Somatosensory assessments were preferentially performed
on the distal part of the limb (30 studies); the upper and
lower limbs were tested in 43 and 10 studies respectively.
Most studies evaluated the more affected limb of partici-
pants with CP compared to the non-dominant limb of
controls (38 studies). For the other studies, the tested limb
of individuals with CP and/or controls was not clearly
reported (seven studies) or the most/least affected limb of
individuals with CP was only compared to the dominant
limb of the controls (three studies).

Various methods were employed to study somatosensory
processing; most of the time, more than one test was used
in each study. Tactile function was investigated in 26 stud-
ies, proprioception in 18, pain in five, and cortical
responses evoked by somatosensory stimulation using neu-
roimaging in 18.

Study results
Tactile function
Table S3 details the results obtained for each study that
included tactile function.11,13,16,18,20–22,95–113

Different components of tactile function were evaluated,
including tactile registration (13 studies) and tactile per-
ception (21 studies). Most studies reported the presence of

tactile registration (eight studies) and tactile perception (21
studies) deficits in participants with CP. In 15 studies
assessing tactile function, both the most and least affected
limbs were tested and most showed similar results for both
limbs.
Registration: mechanical stimuli. An increase in detection
threshold was demonstrated for participants with CP in
most studies, while a few studies reported no significant
differences. In two studies, the light touch test was used in
participants with bilateral CP, which might potentially
account for the difference. In the other two studies, assess-
ment of tactile registration was not the main focus of the
study, methodological details were missing, and sample size
was limited.
Registration: thermal stimuli. The detection threshold was
reported as increasing in one study. Another study pro-
vided contrasting results, showing no significant differences
between individuals with CP and typically developing indi-
viduals. However, this study was of lower quality since the
clinical test employed was not standardized.
Perception: spatial component (including two-point discrimina-
tion, graphesthesia, and stereognosis). Various clinical tests in
various CP populations were used in 20 studies encompass-
ing a total of 37 clinical tests. All studies consistently
demonstrated a decrease in spatial tactile perception in all
clinical tests, except for two-point discrimination. Indeed,
4 out of 11 studies using this test showed lack of signifi-
cant differences compared to typically developing individu-
als, although these studies were of lower quality.
Modality-specific perception. A similar agreement was
observed. Studies focusing on the perception of texture
stimuli showed deficits in individuals with CP. Only one
study using a different test (roughness direction) showed
no deficit.

Somatosensory

Tactile

Proprioceptive

Pain

Perception

Registration

Registration

Perception

Perception

Mechanical

Mechanical

Thermal

Spatial

Spatial

Thermal

Temporal

Temporal

Modality-specific

Modality-specific

Registration

function

Figure 1: Classification of somatosensory function.
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In summary, deficits in tactile registration were observed
in most studies and were mainly explained by a deficit in
the registration of mechanical stimuli. Moreover, consis-
tent results were observed for deficits in tactile perception
(spatial component and modality-specific) despite inconsis-
tent results for the two-point discrimination test.

Proprioception
Table S4 details the results of each study for the proprio-
ceptive function.16,20,22,78,96,98,99,102,105,106,114–121

Different components of proprioception were evaluated,
including proprioceptive registration (eight studies) and
perception (15 studies). In 11 studies assessing propriocep-
tion, both the most and least affected limbs were tested; all
studies, except for one, showed similar results between
both limbs.
Registration: movement direction detection. Deficits were
found in 5 out of 6 studies. Only one study demonstrated
no significant difference but the sample size was limited
compared to the other studies, raising the possibility of a
type 2 error.
Registration: movement detection threshold. There was no
consensus across the three available studies. This could be
due to the heterogeneity in the populations tested since
deficits were reported in studies with participants with
bilateral CP but not unilateral CP.
Perception: position sense. This was altered in 10 out of 15
studies. The five studies showing no significant difference
in position sense had lower sample sizes and Kmet quality
scores; they used clinical tests that were not validated.

In summary, despite the heterogeneity of the popula-
tions included across studies, most of the studies demon-
strated proprioceptive registration deficits. However, the
results for perception were more variable across studies.

Pain function
Table S5 details the results obtained in each study assess-
ing pain function.13,20,22,102,122

Few studies assessed pain function in participants with
CP compared to controls, focusing on either pain registra-
tion (three studies) or pain perception (three studies).
These studies included participants with unilateral and
bilateral CP but 83% of them had a spastic form. In 4 out
of 5 studies, both the most and least affected limbs were
tested; all studies showed similar results for both limbs.
Registration: nociceptive mechanical stimuli. All three studies
found alterations in individuals with CP.
Registration: nociceptive thermal stimuli. This was assessed
in one study and no deficit was found.
Modality-specific perception. Perception was altered in all
studies despite the variety of clinical tests used. One study
reported impaired ability to discriminate between sharp
and dull pin stimuli, signaling a deficit in sensory function.
Other studies showed a gain in sensory function. Indeed,
mechanical or pressure hyperalgesia was reported in about
half of participants with CP, paradoxical heat sensation in
about one-third of participants, and allodynia in about

one-quarter, while thermal hyperalgesia or temporal sum-
mation was observed rarely. The last study focused specifi-
cally on individuals with CP and intellectual disability,
who exhibited a stimulus response relationship to pressure
stimulation for both pain ratings and facial expressions,
with a larger increase in facial expressions along the
increase in noxious stimulation compared to controls.122

In summary, few studies assessed pain function. Regis-
tration deficits were characterized only by deficits for noci-
ceptive thermal stimuli. Perception alterations were
characterized either by a deficit (difficulty to discriminate
between different textures) or a gain in sensory function
(e.g. allodynia). Figure 2a depicts a summary of the results
for tactile, proprioceptive, and pain functions.

Cortical responses evoked by somatosensory stimulation
Table S6 details the results for each study assessing cortical
responses evoked by somatosensory stimulation.3,17,18–
22,29,96,113,123–130

Eight studies assessed somatotopy, five assessed mor-
phology, eight measured latencies, and 12 evaluated the
amplitude of cortical responses evoked by somatosensory
stimuli using magnetoencephalography (eight studies),
EEG (five studies), or fMRI (five studies).

In eight studies, somatosensory function was assessed
with electrical stimulation, which is not specific to one sen-
sory modality in the somatosensory system. However, elec-
trical simulation preferentially activates large fibers and did
not induce painful sensation in any of the studies. Tactile
function was assessed in 12 studies, proprioception was
assessed in one, and none of the studies evaluated pain
function.

For all studies comparing the most and least affected
limb to those of typically developing individuals, similar
effects were observed on cortical responses evoked by
somatosensory stimulation. Only two studies investigated
the lower limbs.
Somatotopy: magnetoencephalography, EEG, and fMRI stud-
ies. Results showed some abnormalities in participants
with unilateral and bilateral CP in 6 out of 7 studies. Half
of the studies reported the occurrence of ipsilateral activa-
tions, or even absent activations, in response to stimulation
in some participants with CP, while such results were not
observed in typically developing individuals who had only
contralateral activations. This heterogeneity in the results
for participants with CP was not explained by the quality
of the studies, methodological considerations, nor the type
of CP (unilateral vs bilateral or spastic vs non-spastic).
Moreover, in the primary somatosensory cortex (S1),
increased variability was observed in the somatosensory
evoked field (SEF) contour map, with a shift in somatosen-
sory digit and hand representation notably expressed by
higher or lower Euclidean distance between digits in indi-
viduals with CP compared to typically developing individu-
als. However, this difference was not explained by the
quality of the studies, the type of CP, or methodological
considerations.
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Morphology: magnetoencephalography and EEG studies.
Results from all studies demonstrated attenuated, abnor-
mal, or absent sharp deflections in some or all participants
with CP for SEFs or somatosensory evoked potentials
(SEPs), while SEFs and SEPs were robust in typically
developing individuals.
Latency: magnetoencephalography and EEG studies. Only
early components of SEFs and SEPs were assessed using
electrical stimulation or air pressure pulses. Increased
latencies in individuals with CP compared to typically
developing individuals were observed in five studies, while
no difference was observed in three studies. However, it is
important to note that for the studies showing no differ-
ence, SEFs and SEPs were not always present in partici-
pants with CP and sample size was limited.
SEF and SEP amplitudes: magnetoencephalography and EEG
studies. Amplitude was decreased in participants with CP
compared to typically developing individuals in half of the
studies, while in the other studies no difference between
groups was observed. As mentioned earlier for latencies, in
studies showing no difference, SEFs and SEPs were not
always present and sample size was limited.
Spectral power: magnetoencephalography and EEG studies.
Results of various cerebral waves were heterogeneous and
not related to the type of somatosensory stimulation (electri-
cal or air pressure pulse), site (upper vs lower limb), nor the
quality of the studies. Beta band magnitude (related to the
processing of somatosensory inputs) in the primary
somatosensory cortex (S1) was increased in bilateral CP
while it was unaltered in unilateral CP. Gamma suppression
was observed in unilateral CP, indicating abnormal S1 activ-
ity in response to somatosensory stimulation. However, for
the theta-alpha band (excitability of S1), similar amplitude in

participants with bilateral CP and typically developing indi-
viduals was found in two studies. A decreased amplitude in
somatosensory gating for the 10Hz to 75Hz band was found,
which was more attenuated for the second stimulation (i.e.
hypergating) in participants with bilateral CP compared to
typically developing individuals.
Amplitude: fMRI studies. A decreased activation evoked by
somatosensory stimulation in several cortical regions for
participants with either unilateral or bilateral CP was
observed. For tactile function, a decreased postcentral
gyrus activation evoked by stimulation, except for brush-
ing, was observed in individuals with CP compared to typi-
cally developing individuals. Interestingly, a decreased
response amplitude was also observed in areas involved in
somatosensory perception (posterior parietal cortex) and
motor function. However, no difference in brain activation
amplitude was observed for the proprioceptive function.

In summary, somatotopy was altered in most of the
studies characterized by ipsilateral or no activation, a shift
and increased variability in S1. Morphology analyses
revealed that SEFs and SEPs were less robust in individu-
als with CP compared to typically developing individuals.
In studies where SEFs and SEPs were present in all partic-
ipants with CP, latencies and amplitude were decreased
compared to typically developing individuals. Spectral
power analyses showed inconsistent results, while a
decreased amplitude in fMRI studies was observed for the
tactile function. Figure 2b depicts a summary of the results
for neuroimaging studies.

DISCUSSION
Historically, attention has been paid mainly to motor func-
tion in CP. A growing interest for somatosensory function

Registration

Registration

1

1 1

2 1

1 1

1

2

2

23

5 5

3 3

33

2 3

94

1

1

2

3

1

1

2

2 1 1

1

1

Registration

Perception

Perception

Perception

1961-1970 1971-1980 1981-1990 1991-2000 2001-2010 2011-2020 1991-2000 2001-2010 2011-2020

Morphology 4

5

6

6

1

1

1

11

1

1

1

1

1 2

1

Morphology

Morphology

Latency

Latency

Latency

Amplitude

Amplitude

Amplitude

Somatotopy

Somatotopy

Somatotopy

Ta
ct

ile
 fu

nc
tio

n
P

ro
pi

oc
ep

tiv
e 

fu
nc

tio
n

P
ai

n 
fu

nc
tio

n

M
ag

ne
to

en
ce

ph
al

og
ra

ph
y

E
le

ct
ro

en
ce

ph
al

og
ra

ph
y

F
un

ct
io

na
l m

ag
ne

tic
re

so
na

nc
e

(a) (b)

Figure 2: Representation of the distribution of studies included in this scoping review. (a) Studies assessing registration (R) or perception (P) of the dif-
ferent somatosensory functions (tactile, proprioception, and pain function). (b) Studies assessing cortical responses evoked by somatosensory stimula-
tion. The numbers in each circle indicate the number of studies in each decade either reporting deficits (filled circles) or not (empty circles).

Review 1387



has been observed, mainly over the last decade (56% of the
included studies were published after 2010). Recently, it
has been highlighted that somatosensory registration and
perception might play a central role in impairments result-
ing from CP, leading some authors to consider CP as a
sensorimotor disorder.5 This scoping review shows that
tactile function has been the most studied function through
the last decades and suggests deficits for both tactile regis-
tration and perception. Proprioception function has been
investigated mostly in the last 20 years and results indicate
deficits in perception, while they are more conflicting for
the presence of registration deficits. Studies on pain func-
tion are the most recent (in the last 10 years) and are still
limited in number compared to tactile and proprioceptive
function. Neuroimaging studies performed over the last
three decades support the behavioral results for tactile
function but there are still few or no neuroimaging studies
for proprioceptive and pain function. Moreover, studies
have focused mainly on children and upper limbs; the type
of CP (spastic vs non-spastic and unilateral vs bilateral) is
very heterogeneous across studies. Finally, the methods
employed (particularly for behavioral measures) are poorly
detailed in most studies.

Registration refers to external or internal stimulus detec-
tion, that is, when the stimulus exceeds the receptor sen-
sory threshold and then reaches the primary somatosensory
cortex (S1).9,131 Registration deficits in individuals with CP
were mainly characterized by hypoesthesia, deficits in
movement and direction detection, and a lowered pain
threshold. These deficits are confirmed by neuroimaging
studies (mostly for tactile function and the upper limbs),
which provide some insight into the underlying mecha-
nisms. First, the representations of body segments in S1
are blurred, as demonstrated by an increased variability of
SEF contour maps123 and a shift in S1 representa-
tions.17,18,21,125 Moreover, ipsilateral activation was found
in some studies,21,123,125,128 although not systemati-
cally,17,19,132 similar to what has been observed for corti-
cospinal projections.125 Second, an increase in early SEP
and SEF latencies, a decrease in SEP and SEF amplitudes,
and alterations in oscillatory activity were observed, sug-
gesting alterations in sensory pathways. These results are
consistent with the observation of structural alterations
along the thalamocortical pathway and in the thalamus in
children with CP using diffusion tensor imaging.98,133–135

In addition, peripheral somatosensory alterations have also
been observed that are characterized by alterations in affer-
ent neural spinal transmission,63 partial demyelination of
sensory nerves,65 and alterations in muscle spindles.136

Therefore, deficits of somatosensory registration might be
explained by alterations at different levels (peripheral, sub-
cortical, or cortical) of somatosensory afferences. Reduced
or altered registration in turn undoubtedly contributes to
alteration in perception.9

Perception refers to understanding, interpreting, or giv-
ing meaning to sensory stimuli.9 Deficits in perception can
result from either alterations in registration or alterations

in associative cortices, mainly the posterior parietal cor-
tex.131 This scoping review shows that alterations in tactile
perception were almost systematic, while alterations in
proprioception and pain were more heterogeneous across
participants with CP.

Deficits in proprioception were characterized by alter-
ations in joint position sense. It is important to note that
position sense was altered in studies using a matching
task (bilateral task) whereas fewer deficits were observed
in studies using unilateral assessment (e.g. to reproduce a
position from memory), suggesting a bias in methodologi-
cal assessment in proprioception, which is a recurrent
issue in proprioception.27 Larger deficits in bilateral tasks
could be explained by the presence of motor deficits caus-
ing difficulties to reproduce the position with the con-
tralateral limb, especially given that 54% of participants
had bilateral motor deficits and that even in unilateral CP
the least affected limb also presented with somatosensory
deficits.

Tactile perception deficits are mainly characterized by
deficits in stereognosis, graphesthesia, and two-point dis-
crimination. Two studies assessed cortical responses with
fMRI during tactile perception (shape and grating discrimi-
nation tests) and showed a decreased activation in frontal
and parietal cortices in participants with CP compared to
controls.113,129 Notably, decreased activations in the frontal
cortex were located in areas not typically associated with
tactile functions but rather motor functions, such as the
primary motor cortex, the supplementary motor area, and
the premotor cortex.113,129 It is important to note that dur-
ing the tasks, participants did not actively move their fin-
gers to discriminate between shapes and grating. In
typically developing individuals, motor cortices have been
shown to be involved in somatosensory perception.137,138

In addition to the alterations in the anterior parietal cortex
mentioned earlier in registration deficits (S1), alterations in
the posterior parietal cortex have also been observed (pos-
terior parietal operculum, superior and inferior intrapari-
etal lobules).113,129 The posterior parietal cortex is involved
in internal models of motor control and in multisensory
integration, which allow individuals to have a unified rep-
resentation of the body (body schema).138 Alterations in
the internal models of motor control have been sug-
gested139,140 and disturbances in body schema have been
observed in individuals with CP.79,141–144 Body schema dis-
orders are characterized by altered motor ima-
gery,141,143,144 a decreased perceived length of the
hemiparetic arm,142 and altered lower back perception.79

Interestingly, in the latest study, alteration was more pro-
nounced in individuals with CP with lower back pain than
in individuals with CP without pain,79 which is in line with
studies showing that people with pain have strong alter-
ations in somatosensory registration and perception.145–147

However, this scoping review reveals that pain has received
very little consideration in the literature on somatosensory
functions in CP. Indeed, the pain characteristics of the
sample are rarely described despite the fact that the
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presence of pain might interfere with tactile and proprio-
ceptive functions.

While pain is recognized as a serious issue in CP,14

affecting 77% of children with CP,148 only 5 out of the 48
studies included in this scoping review (approximately 10%
of the studies) assessed pain registration and perception. A
potential explanation for the paucity of studies is the fact
that standardized measurements of pain applicable to the
population with CP are needed.14 In the literature, pain in
individuals with CP is mainly considered as musculoskele-
tal and highly related to motor disorders (e.g. muscle tone,
immobilization, deformities, spasticity).57 However, this
scoping review shows that deficits in pain function are
characterized by hyperalgesia and allodynia for both the
most and least affected limb. Hyperalgesia and allodynia
commonly characterize neuropathic pain, which can be
defined as a ‘pain caused by a lesion or disease of the
somatosensory nervous system’.149 Few studies specifically
aim to assess neuropathic pain in individuals with CP;13,150

therefore, further studies are needed to assess these two
types of pain (musculoskeletal vs neuropathic) separately to
manage pain in individuals with CP more efficiently.

From a research perspective, this scoping review high-
lights several recommendations for future studies. First,
outcomes were often poorly defined (including in the most
recent studies) and information about the psychometric
properties of the clinical tests was often missing, which
calls into question the validity of the results. Auld et al.9

reviewed the psychometric properties of clinical tactile
tests in children with CP and made recommendations for
tactile registration and perception assessments. Unfortu-
nately, no such recommendations have been made for pro-
prioceptive and pain function in individuals with CP, an
aspect that needs to be investigated further. In the absence
of psychometric properties, authors should at least present
in detail the methodology of clinical assessments (e.g.
number and order of trials, order of tests, how the final
score is calculated) to allow replication and comparisons
across studies. Second, previous studies focused mainly on
the upper limbs and on children. Indeed, few studies
included adult participants (7 out of 48). Somatosensory
deficits in adults need to be investigated further since defi-
cits in somatosensory function differ across ages.22 Third,
assessment of somatosensory functions requires under-
standing and performing the task; therefore, results are
limited to children with no to mild cognitive impairments.
Blankenburg et al.13 reported that only 17% of their sam-
ple (total sample n=176) could perform quantitative sen-
sory testing, suggesting that the somatosensory deficits
observed in this review reflect only a limited part of the
population. Fourth, clinical characteristics are generally
poorly described. For example, etiology, including preterm
birth, was mentioned in only 29.2% of the studies. How-
ever, it is well known that preterm birth leads to a differ-
ent clinical profile since, for example, a higher prevalence
of spasticity and bilateral deficits are observed in children
born preterm compared to children born at term.8 Fifth,

the type of CP (spastic vs non-spastic and bilateral vs uni-
lateral) was not representative of the general population
with CP. A meta-analysis demonstrated that more than
three-quarters of the population with CP have a spastic
form and more than two-thirds have bilateral disorders8

while in our review approximately 40% had spastic CP and
approximately 40% had bilateral CP. Therefore, in future
studies, population characteristics need to be better defined
and explored.

From a rehabilitation perspective, this scoping review
emphasizes the need to carefully consider somatosensory
deficits in CP. Unfortunately, somatosensory function is
not systematically assessed by therapists.151 Some rehabili-
tation programs focusing on tactile and proprioceptive
functions have shown the beneficial effects of such inter-
ventions but the number of studies is limited.15,152 Future
work is needed to develop efficient somatosensory thera-
pies in CP10 by considering efficient therapies that are
already developed in patients with stroke.152

Several limitations that impact on the external validity of
the present findings need to be highlighted. First, the
major limitation of this review concerns restrictions about
the language and type of publication and study designs;
therefore, publication bias might be present. However, five
of the seven articles were excluded because they were not
in English or French and published before 1990, and it
was not possible to translate them in a satisfactory manner
with a free online translation tool. Second, this scoping
review does not allow us to draw a definitive conclusion
about the presence of somatosensory deficits since no for-
mal quality assessment with an appropriate risk-of-bias grid
was made.

To conclude, this scoping review shows that somatosen-
sory deficits in CP have been investigated in a large num-
ber of studies, mostly in the last 10 years, but to a
different extent across somatosensory functions. Tactile
and proprioceptive functions were the most studied, while
pain has received little attention (both in behavioral and
neuroimaging studies). While a scoping review does not
allow a definitive conclusion about the presence of
somatosensory deficits in CP, this review suggests that
such deficits might be present in tactile, proprioceptive,
and pain functions. Additional work is needed to confirm
these results and future research should rigorously define
the methods employed and include samples that are more
representative of the population with CP.
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Editor’s Choice
Cerebral palsy is essentially a sensorimotor disorder,1 but the clinical and research focus has almost exclusively been on motor aspects. My
Editor’s Choice for the December 2021 issue is this scoping review of clinical impairments of somatosensory function and functioning of the
neural pathways in people with cerebral palsy. It highlights a useful body of findings on tactile and proprioceptive sensation and perception,
and less good documentation of pain processing.
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DEVELOPMENTAL MEDICINE & CHILD NEUROLOGY SCOPING REVIEW

D�EFICITS SOMATOSENSORIALES Y CORRELATOS CEREBRALES EN LA PAR�ALISIS CEREBRAL: UNA REVISI�ON DEL ALCANCE

OBJETIVO
Sintetizar estudios que eval�uen los d�eficits somatosensoriales y las alteraciones en las respuestas cerebrales provocadas por la

estimulaci�on somatosensorial en individuos con par�alisis cerebral (PC) en comparaci�on con individuos con desarrollo t�ıpico.

M�ETODO
Se realiz�o una revisi�on de alcance de la literatura en las bases de datos MEDLINE, Embase, PsycInfo, CINAHL, Evidence-Based

Medicine Reviews y Web of Science (�ultima b�usqueda realizada los d�ıas 6 y 7 de agosto de 2020) con una combinaci�on de pala-

bras clave relacionadas con la PC y funciones somatosensoriales. Los d�eficits somatosensoriales se midieron con pruebas cl�ınicas

y las alteraciones en las respuestas cerebrales se midieron con resonancia magn�etica funcional, electroencefalograf�ıa y magne-

toencefalograf�ıa.

RESULTADOS
Se incluyeron 48 art�ıculos. En general, 1463 participantes con PC (edad media [DE] 13 a~nos 1 mes [4 a~nos 11 meses], rango 1-55

a~nos; 416 varones, 319 mujeres, sexo no identificado para los participantes restantes) y 1478 controles (edad media [DE] 13 a~nos 1

mes [5 a~nos y 8 meses], rango 1–42 a~nos; 362 varones, 334 mujeres, sexo no identificado para los participantes restantes) se inclu-

yeron en la revisi�on de alcance. Para la funci�on t�actil, la mayor�ıa de los estudios informaron d�eficits de registro (8 de 13) o de per-

cepci�on (21 de 21) en los participantes con PC. Para la propiocepci�on, la mayor�ıa de los estudios tambi�en informaron d�eficits de

registro (6 de 8) o de percepci�on (10 de 15). La funci�on del dolor no se ha estudiado tanto, pero la mayor�ıa de los estudios infor-

maron alteraciones del registro (2 de 3) o de la percepci�on (3 de 3). Los hallazgos de neuroimagen (18 estudios) mostraron altera-

ciones en la somatotop�ıa, morfolog�ıa, latencia o amplitud de las respuestas corticales evocadas por est�ımulos somatosensoriales.

INTERPRETACI�ON
A pesar de la heterogeneidad en los m�etodos empleados, la mayor�ıa de los estudios informaron d�eficits somatosensoriales. La

atenci�on se ha centrado principalmente en la funci�on t�actil y propioceptiva, mientras que el dolor ha recibido poca atenci�on. Las

investigaciones futuras deber�ıan definir rigurosamente los m�etodos empleados e incluir una muestra m�as representativa de la

poblaci�on con PC.

D�EFICITS SOMATOSSENSORIAIS E CORRELATOS NEURAIS NA PARALISIA CEREBRAL: UMA REVIS~AO DE ESCOPO

OBJETIVO
Sintetizar estudos avaliando d�eficits somatossensoriais e alterac�~oes nas respostas cerebrais evocadas por estimulac�~ao somatos-

sensorial em indiv�ıduos com paralisia cerebral (PC) comparados a indiv�ıduos com desenvolvimento t�ıpico.

M�ETODO
Uma revis~ao de escopo da literatura foi realizada nas bases de dados MEDLINE, Embase, PsycInfo, CINAHL, Evidence-Based Medi-

cine Reviews e Web of Science (�ultima pesquisa realizada em 6 e 7 de agosto de 2020) com uma combinac�~ao de palavras-chave

relacionadas a CP e func�~oes somatossensoriais. D�eficits somatossensoriais foram medidos com testes cl�ınicos e alterac�~oes nas

respostas cerebrais foram medidas com ressonância magn�etica funcional, eletroencefalografia e magnetoencefalografia.

RESULTADOS
Quarenta e oito artigos foram inclu�ıdos. No geral, 1.463 participantes com PC (m�edia [SD] idade 13 anos 1 mês [4 anos 11 meses],

intervalo 1¬–55 anos; 416 homens, 319 mulheres, sexo n~ao identificado para os demais participantes) e 1.478 controles (m�edia

[SD] idade 13 anos 1 mês [5a 8 meses], intervalo de 1 a 42 anos; 362 homens, 334 mulheres, sexo n~ao identificado para os demais

participantes) foram inclu�ıdos na revis~ao de escopo. Para a func�~ao t�atil, a maioria dos estudos relatou d�eficits de registro (8 de 13)

ou percepc�~ao (21 de 21) em participantes com PC. Para propriocepc�~ao, a maioria dos estudos tamb�em relatou d�eficits de registro

(6 em 8) ou percepc�~ao (10 em 15). A func�~ao da dor n~ao foi muito estudada, mas a maioria dos estudos relatou alterac�~oes no regis-

tro (2 em 3) ou na percepc�~ao (3 em 3). Achados de neuroimagem (18 estudos) mostraram alterac�~oes na somatotopia, morfologia,

latência ou amplitude das respostas corticais evocadas por est�ımulos somatossensoriais.

INTERPRETAC�~AO
Apesar da heterogeneidade nos m�etodos empregados, a maioria dos estudos relatou d�eficits somatossensoriais. O foco tem sido

principalmente na func�~ao t�atil e proprioceptiva, enquanto a dor tem recebido pouca atenc�~ao. Pesquisas futuras devem definir rigo-

rosamente os m�etodos empregados e incluir uma amostra mais representativa da populac�~ao com PC.


