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ORIGINAL ARTICLE

What are the relevant categories, modalities, and outcome measures for assessing 
lower limb somatosensory function in children with upper motor neuron lesions? 
A Delphi study 

Petra Marsicoa,b,c , Tom H. Mercerc, Hubertus J. A. van Hedela,b,c� and Marietta L. van der Lindenc�

aResearch Department, Swiss Children’s Rehab, University Children’s Hospital Zurich, Affoltern am Albis, Switzerland; bChildren’s Research 
Center CRC, University Children’s Hospital Zurich, Zurich, Switzerland; cCentre for Health, Activity and Rehabilitation Research, Queen Margaret 
University, Edinburgh, UK    

ABSTRACT  
Purpose: Somatosensory function of the lower limbs is rarely assessed in children with upper motor neu-
ron lesions despite its potential relevance for motor function. We explored consensus regarding somato-
sensory categories (exteroception, proprioception, interoception, and body awareness), modalities, and 
outcome measures relevant to lower limb motor function. 
Methods: Fifteen international experts with experience of somatosensory function assessment partici-
pated in this Delphi study. Surveys of four rounds, conducted online, included questions on the relevance 
of somatosensory categories and modalities for motor function and on the use of potential outcome 
measures in clinical practice. 
Results: The experts reached consensus on the relevance of six modalities of the categories exterocep-
tion, proprioception, and body awareness. Based on their feedback, we formulated three core criteria for 
somatosensory outcome measures, namely suitability for clinical practice, child-friendliness, and relevance 
for motor function. None of the nine available outcome measures fulfilled each criterion. The experts also 
highlighted the importance of using and interpreting the tests in relation to the child’s activity and 
participation. 
Conclusion: There was expert consensus on three categories and six modalities of somatosensory func-
tion relevant for lower limb motor function. However, existing outcome measures will need to be 
adapted for use in paediatric clinical practice.    

� IMPLICATION FOR REHABILITATION 
� Consensus was established for the categories and modalities of somatosensory function relevant for 

lower limb motor function of children with UMN lesion. 
� Outcome measures should cover tactile function, joint movement and joint position and dynamic 

position sense, and spatial and structural body representation. 
� None of the nine existing outcome measures fulfilled the core criteria: feasibility for clinical practice, 

child-friendliness, and relevance to motor function. 
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Introduction 

The somatosensory system is a part of the sensory nervous sys-
tem [1,2]. Stimuli are perceived via receptors of the skin, muscles, 
joints, or connective tissue and are transported via the neural 
pathways to the central nervous system for further processing [3]. 

The somatosensory system can be divided in four categories: 
exteroception, proprioception, interoception, and body awareness 
(Figure 1). Exteroception includes the perception of somatosensory 
stimuli arising from outside the body and includes the modalities 
touch, vibration, temperature, itch and acute pain. The categories 
proprioception and interoception include the perception of stimuli 
arising from inside the body. Proprioception covers the modalities 

joint position and joint movement sense and dynamic position 
sense. Interoception includes the modalities muscular sensation, 
affective touch, intestine sensation, itch, and chronic pain. A further 
category of somatosensory function is body awareness, which 
includes the modalities spatial body representation (body schema) 
and structural body representation (body image) [1]. 

Several studies have identified that somatosensory modalities 
like the threshold of light touch, vibration, joint movement and 
position sense, structural and spatial body representation are 
often impaired in children with an upper motor neuron (UMN) 
lesion [4–12]. Indeed, diminished somatosensory function is 
included in the definition as a common impairment in children 
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with cerebral palsy [13]. Further, a lower level of somatosensory 
function has been shown to negatively affect motor learning and 
motor function in typically developing children and those with 
UMN lesions [14,15]. Nevertheless, in practice, therapists do not 
routinely assess somatosensory function of children with UMN 
lesions. It has been suggested that this is related to the lack of 
standardised and validated assessments in these children [16,17]. 
This also seems to be the case for adults with UMN lesions. 
Although studies in adults after stroke have demonstrated that 
body awareness training positively affects balance and activities 
of daily living [18–21], body awareness assessment and training 
have not yet been incorporated into routine clinical prac-
tice [22,23]. 

As assessments are time-consuming and can be burdensome 
for children, knowing which modalities are most important for 
lower limb function and motor learning is essential. Another con-
sideration is feasibility in clinical practice [23]. Therefore, it is cru-
cial to identify the tests that significantly impact motor learning 
and influence an individual child’s rehabilitation planning (tailored 
therapy). Clark et al. highlighted in their Delphi study on general 
tests used to assess paediatric lower limb neurological impairment 
that more therapy time should be spent on assessing tactile func-
tion [24]. Additionally, they recommended that therapists should 
assess a range of somatosensory modalities and adapt the test 
procedures to the needs of the children [24]. 

To date, most of the research on somatosensory outcome 
measures has focused on the upper limbs, particularly on stereo-
gnosis and tactile function relevant for fine motor skills of the 
hand [11,25–28]. However, other somatosensory modalities may 
also influence motor function of the lower limbs, like walking. For 
example, results of recent studies have suggested that reduced 
joint position and movement sense, as well as tactile function are 
associated with walking ability [9,29,30]. These studies investi-
gated tactile function with monofilament measurements, two- 
point discrimination, vibration, and joint position sense. 

There is currently no agreement about the categories and 
modalities that should be covered when assessing impairments in 
somatosensory function relevant for lower limb motor function in 

children with UMN lesions. Consequently, consensus does not 
exist on which outcome measures should be used. 

In this study, we used the Delphi approach to explore expert 
consensus on which categories, modalities, and assessments are 
considered relevant when assessing lower limb somatosensory 
function. The Delphi approach is a method of structuring group 
communication between experts in which individual participants 
provide feedback on a particular issue [31]. It eliminates potential 
sources of conflict because participants are anonymous and it 
provides an opportunity to revise individual views in response to 
group trends. In short, the Delphi approach effectively seeks con-
sensus on unanswered questions [32]. For example, the Delphi 
approach has been used to identify relevant categories (i.e., based 
on the International Classification of Functioning, Disability and 
Health—Children and Adolescents Version) and core sets of exer-
cise outcome measures for children with UMN lesions [33,34]. A 
core set can be applied to clinical practice as a toolbox of out-
come measures [35]. A toolbox contains outcome measures and 
allows clinicians to select the appropriate assessments to evaluate 
the aspects relevant for the clinical reasoning process of an indi-
vidual child [35]. 

Therefore, this project aims through the identification of expert 
consensus to (a) identify the categories and modalities of somato-
sensory function that should be considered for inclusion in an 
expanded toolbox of outcome measures that assess lower limb 
somatosensory function in children with UMN lesions, and (b) 
explore the recommendations of experts for the implementation 
of these outcome measures in clinical practice. 

Method 

Study design 

We applied a Delphi survey method with online surveys. We per-
formed four survey rounds (Figure 2). Each round was open for 
one month. One week before the deadline, participants received 
a reminder. Rounds one to three allowed panellists to explain 
their answers and recommend somatosensory function categories, 
modalities, or assessments not listed in the survey. 

Participants 

To be eligible to participate as a panel member, researchers were 
required to have published at least one paper related to somato-
sensory function assessments in the target population. During the 
recruitment process, authors and co-authors (researchers) of rele-
vant publications were identified and contacted first. These 
researchers were then asked to recommend clinical experts expe-
rienced with somatosensory function assessments, and at least 
five years of clinical experience working with children with UMN 
lesions. The lead author (PM) contacted the possible panellists 
and clinical experts by e-mail and provided them with the study 
information pack. All experts, i.e., researchers and clinicians who 
agreed to participate, received a link to the Jisc online survey tool 
(https://www.onlinesurveys.ac.uk). According to the guidelines for 
Delphi studies, the aim was to include at least 15 researchers and 
clinical experts [36]. 

Procedure and analysis 

In the first survey round, we provided panellists with a list of four 
somatosensory categories and corresponding modalities: (a) extero-
ception, which includes the modalities tactile function, temperature, 
pain, itch, and vibration (b) proprioception, which includes the 

Figure 1. Categories and modalities of somatosensory function. 
Legend: Four categories of somatosensory function (body awareness, proprioception, extero-
ception, and interoception), with their modalities. Body awareness is influenced by proprio-
ception, extero-, and interoception.  
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modalities joint position sense, joint movement sense, and dynamic 
position sense, (c) interoception, which includes the modalities mus-
cular sensation, affective touch, intestine sensation, and chronic pain, 
and finally (d) body awareness, which includes the modalities spatial, 
and structural body representation. We provided definitions and 
description of the categories and modalities in the survey 
(Supplementary material S1). Panellists were asked to state whether 
or not they agreed that one should use at least one outcome meas-
ure of each category and modality in clinical practice to assess som-
atosensory function in children with UMN lesions, taking into account 
the relevance to lower limb motor function. Each question had three 
options; “I agree,” “I disagree,” “I am not sure,” and panellists were 
invited to explain their answer using a free text box if they wished to 
do so. The frequency of each answer option was calculated and this 
informed the level of agreement. We defined the following levels of 
agreement as consensus for the relevance of the somatosensory cate-
gories and modalities to lower limb motor function:   

1. An agreement level of 75% was needed to definitely include a 
specific category or modality: [numbers of agree/(numbers of 
agree þ numbers of disagree þ numbers of unsure)]� 0.75 [37]. 

2. If the number of unsure responses differentiated between below 
or above 75% agreement, i.e., [numbers of agree/(numbers of 
agree þ numbers of disagree þ numbers of unsure)]< 0.75, but 
[numbers of agree/(numbers of agree þ numbers of dis-
agree)]� 0.75, the question was reformulated and the option “I 
do not feel qualified” was added in the next round. 

3. Categories and modalities with lower agreement were 
excluded; i.e., [numbers of agree/(numbers of agreeþnum-
bers of disagree)]< 0.75. 

Finally, we asked panellists to suggest further categories or 
modalities relevant to assessing lower limb somatosensory func-
tion in the last question of the first survey round. 

In the second survey round, we shared the results of the first 
round with the experts. In this round, we also included the 
response option “I do not feel qualified to answer this question.” 
This adjustment made it possible to distinguish between unclearly 
formulated questions and a lack of expertise of the panellist for a 
specific item. Finally, the second survey included a list of somato-
sensory function measures for each modality (Table 1). The list was 
based on a systematic literature review on the psychometric proper-
ties of lower somatosensory function assessments in children with 
UMN lesions [38], and the additional outcome measures mentioned 
by the panellists in round two. The question in this survey round 
was: “Would you include the following outcome measure in assess-
ing somatosensory function in children/youths with UMN lesions, as 
they are related to lower limb function?” Panellists could choose 
between “I agree,” “I disagree,” “I am not sure,” or “I do not feel 
qualified to answer this question” with the option to explain their 
answer. Again, the panellists were asked if they would add add-
itional outcome measures to the presented list. 

In the third survey round, we presented the results of the 
second survey to the panellists. In addition, two authors (PM, MvdL) 

Figure 2. Process of the Delphi approach. 
Legend: Four rounds of the Delphi process for identifying and reaching consensus on the relevant categories, and modalities of potential outcome measures to assess lower limb somatosen-
sory function.  
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Table 1. Overview of outcome measures listed in the second Delphi round survey. The list is based on our previous systematic review [38]. 

Category Modality 

Outcome measures applied in peer reviewed research articles 

Description of the outcome measure Population; Diagnosis (age)/n Main result  

Extero-ception Tactile function Detection of light touch by stroking the 
limb with a cotton ball, mid-thigh 
(L2–3), mid-shin L3–4), and mid- 
dorsum of the foot (L4-S1) 
Including control test (no touch)/ 3- 
times each touch [39]. 

CP (3–18 y)/ n¼ 62 
TD (3–18 y)/ n¼ 65 

Children with CP had more 
impaired detection of light 
touch. The difference was not 
significant. Correct detection 
of light touch: Children with 
CP 87%; TD children 
95% (p¼ 0.16). 

Fugl Meyer Assessment Sensory scale: 
Wisp with the end of a cotton swap 
in a quick short stroke on the skin of 
the anterior quadriceps muscle, and 
the central part of the foot sole [5]. 

Cerebral hemispherectomy 
(1–16 y)/ n¼ 18 

Children had mean values for 
detection of light touch of 6.2 
(SD 1.9) before the mobility 
training and 6.7 (SD 1.6) after 
the mobility training. Higher 
scores indicate better tactile 
function. The difference was 
not significant. 

Threshold of light touch pressure with 
Monofilaments (1 g; 10 g; 75 g), at 
the first and fifth metatarsal heads 
and heel of the plantar side of each 
foot/ three times each point [9]. 

Spastic diplegic CP, able to 
stand without assistive 
device (9–19 y)/ n¼ 10 

Weak and not significant 
correlation with balance  
(rs ¼ � 0.31). 

Threshold of light touch with Semmes- 
Weinstein monofilaments (3.61; 6.65; 
4.31) on the great toe/ five times 
each point [4]. 

Cerebral hemispherectomy 
(8–25 y)/ n¼ 12 

Impaired tactile function in 7 of 
the 12 children/young adults. 

Threshold of light touch pressure with 
a full Monofilament-set (smallest 
1.65) of the plantar side of each 
foot [29] 

Unilateral CP (5–18 y)/ n¼ 15 
Bilateral CP (5–18 y)/ n¼ 15 
TD (5–18 y)/ n¼ 15 

Children with CP had significantly 
more impaired threshold of 
light touch. 

Two-point discrimination with an 
aesthesiometer on the forefoot and 
heel of the plantar side of each foot/ 
three times each point [9]. 

Spastic diplegic CP, able to 
stand without assistive 
device (9–19 y)/ n¼ 10 

Significant correlation 
with balance. 

Vibration Using a 128 Hz tuning fork at the first 
metatarsal head and medial 
malleolus bilaterally [9]. 

Spastic diplegic CP, able to 
stand without assistive 
device (9–19 y)/ n¼ 10 

Significant correlation 
with balance. 

Quantitative vibration threshold test 
(Biothesiometer) set perpendicularly 
to the skin of the toe without 
pressure. Stimulus amplitude was 
increased until the person reported 
that he or she perceived vibration 
(units ranged from 0 to 50) [40].�

Familial Dysautonomia 
(16–45 y)/ n¼ 11 

Abnormal foot vibration 
thresholds in 7 of 11 
participants. 

Quantitative vibration threshold with 
the Vibratron of the great toe. 
Testing with 100% of trials, and 
continued with decreasing 
amplitude [4].�

Cerebral hemispherectomy 
(8–25 y)/ n¼ 12 

Vibration sensation on the paretic 
side was within the 
normal range. 

128 Hz fork to the medial malleolus, 
tibial tuberosity, and first metatarsal 
head/ 3 times each side [39]. 

CP (3–18 y)/ n¼ 62 
TD (3–18 y)/ n¼ 65 

Children with CP had more 
impaired vibration sensation. 
The difference was not 
significant. Correct detection 
of vibration: Children with CP 
67%; TD children 
89% (p¼ 0.01). 

128 Hz fork to assess vibration 
sense [29] 

Unilateral CP (5–18 y)/ n¼ 15 
Bilateral CP (5–18 y)/ n¼ 15 
TD (5–18 y)/ n¼ 15 

No significant differences 
between the three groups 
(p¼ 0.255). 
Low and not significant 
correlation with quality of gait 
in the group of children with 
CP (rs ¼ � 0.22; p¼ 0.24). 

Proprioception Joint movement  
sense 

Fugl Meyer Assessment Sensory scale: 
hip, knee, ankle and toe move in a 
very small range of movement 
upwards, and downwards, while the 
child has the eyes closed [5]. 

Cerebral hemispherectomy 
(1–16 y)/ n¼ 18 

Mean proprioception scores 
before mobility therapy were 
10.1(SD 3.4), and after 10.4 
(SD 3.9), not significant. 

Custom built device that allows to 
rotate around the axis of a 
goniometer (internal, and external 
rotation), detection of a passive limb 
rotation of the hip, without vision at 

CP (7–35 y)/ Diplegia n¼ 21; 
Hemiplegia n¼ 17 
TD (7–35 y)/ n¼ 20 

Children with CP had significantly 
lower proprioception. 

(continued) 
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independently identified themes with an affinity diagram from the 
free-text comments provided by the experts in the first two rounds, 
with the final themes agreed upon through discussion. These 
themes were presented to the panellists and also informed the for-
mulation of the questions in this round. The free text comments 
also highlighted three criteria which are critical for the application 
of outcome measures in practice. These criteria were:  

� Clinical suitability (e.g., time required, costs, material, proced-
ure, evaluation, and interpretation of test results). 

� Child-friendliness (e.g., suitability for children aged 5 to 
18 years). 

� Relevance for daily-life lower limb motor function (e.g., stand-
ing, balance, and walking). 

Ratings were made on a 4-point ordinal scale with the follow-
ing options: “high,” “somewhat high,” “somewhat low,” and “low.” 

Respondents also had the option to choose “I do not feel quali-
fied to answer this question.” We defined consensus slightly dif-
ferently for the third round. Consensus was reached when 75% of 
the panellists or more selected “high” or “somewhat high.” In add-
ition, the experts were asked if they had any direct experience 
with this outcome measure, either using the same or an alterna-
tive protocol. Finally, the details on the test procedures, the out-
comes, necessary equipment, costs, and evidence on relationship 
with activity or motor function were presented to the panellists in 
the survey for each outcome measure with the information from 
the corresponding literature, see reference list in the 
Supplementary Material (S2). 

In the fourth round, the panellists’ ratings for each of the three 
criteria for each outcome measure were presented. Finally, the 
experts were invited to add recommendations for implementing 
these measures in clinical practice. 

Table 1. Continued. 

Category Modality 

Outcome measures applied in peer reviewed research articles 

Description of the outcome measure Population; Diagnosis (age)/n Main result  

a speed of approximately 0.5�/s, 
displacement of 4�[11]. 

Joint position sense Custom built device that allows to 
rotate around the axis of a semi- 
goniometer (internal, and external 
rotation), actively rotate the limb to 
align the distal end with 10 target 
positions, first with vision, second 
with vision to the limb occluded, the 
target remain visible [12]. 

CP (7–35 y)/ Diplegia n¼ 21; 
Hemiplegia n¼ 17 
TD (7–35 y)/ n¼ 20 

Children with CP had significantly 
lower proprioception. 

Joint position sense test: Active 
reproduction of a passive manual 
elevation (through a cuff) the lower 
leg to 15� , 30� , 45� knee extension, 
without vision [39]. 

CP (3–18 y)/ n¼ 62 
TD (3–18 y)/n¼ 65 

Children with CP had significantly 
lower proprioception. 

Dynamic position  
sense 

Actively reproduce, as accurately as 
possible, a target joint angle position 
of the ankle joint [9]. 

Spastic diplegia CP, able to 
stand without assistive 
device (9–19 y)/ n¼ 10 

Weak and not statistically 
significant correlation with 
balance (rs ¼ 0.23). 

Actively reproduce, as accurately as 
possible, a target joint angle position 
of the knee joint [29]. 

Unilateral CP (5–18 y)/ n¼ 15 
Bilateral CP (5–18 y)/ n¼ 15 
TD (5–18 y)/ n¼ 15 

Children with CP had significantly 
lower proprioception. 
Low and not significant 
correlation with quality of gait 
(rs ¼ 0.31). 

Body awareness Structural body  
represen-tation 

Localisation of a tactile input: The child 
has to identify the location of the 
touch on a body part 
illustration [30]. 

Children with motor deficits 
with high motor function 
(n¼ 9) and low motor 
function (PVL, n¼ 9) 

Children with low motor function 
(PVL) had significantly lower 
ability of the localisation 
of touch. 

Naming body parts: the child names 
body parts which are shown in 
pictures on a screen [7]. 

Unilateral CP (5–11 y)/ n¼ 45 
TD children (5–11 y)/n¼ 42 

Children with CP had lower 
structural body representation. 
The difference was not 
significant (.042). 

Percentage of correctly allocated parts 
rotated to the left and right side of 
the body [6].�

Brain tumour survivors (STT, 
ITT; 8–16 y)/ n¼ 30 
TD (8–16 y)/n¼ 30 

Children after brain tumour had 
significantly lower spatial body 
representation. 

Spatial body  
represent-tation 

Localisation of a tactile input directly 
on the body (visual body-part 
localisation task): the child was 
shown a body part on a computer 
screen, and had to point to the 
corresponding part of his or her own 
body (regardless the laterality) [7]. 

Unilateral CP (5–11 y)/ n¼ 45 
TD children (5–11 y)/n¼ 42 

Children with CP had lower 
spatial body representation. 
The difference was not 
significant (p¼ 0.351). 

Localisation of a tactile input directly 
on the body (verbal body-part 
localisation task): the child was 
named a body part verbally, and 
had to point to the corresponding 
part of his or her own body 
(regardless the laterality) [7]. 

Unilateral CP (5–11 y)/ n¼ 45 
TD children (5–11 y)/n¼ 42 

Children with CP had lower 
spatial body representation. 
The difference was not 
significant (p¼ 0.029).  

Outcome measures and articles suggested by the panellists from the first round are marked with an �. 
n: number; y: years; CP: Cerebral Palsy; TD: Typically Developing; ITT: Infratentorial Tumour; STT: Supratentorial Tumour; PVL: Periventricular leukomalacia. �Outcome 
measures added by the panellists in the first round; rs: Spearman correlation.
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Ethical considerations 

This study received ethical approval from the research ethics com-
mittee of Queen Margaret University, Edinburgh (UK). All panellists 
ticked a box indicating their consent to participate in the study, 
and all answers were collected anonymously. 

Results 

Participants 

Twenty-four authors of a peer-reviewed study on somatosensory 
function in children with UMN (“researchers”) were invited to par-
ticipate in the expert panel. Nine agreed to participate, nine 
declined, and six did not respond. All nine researchers who 
agreed to participate recommended colleagues who were clini-
cians, researchers, or both. These persons were subsequently 
invited to participate. 

Finally, 20 experts agreed to participate in the Delphi process. 
Seventeen completed the first survey, and 16 the second survey. 
One person asked to withdraw after the second round due to time 
constraints. The characteristics of the panellists are shown in Table 2. 

Results of the survey rounds 

In the first round, all experts agreed that there was no need to 
add any categories for assessing the somatosensory function of 
the lower limbs other than the four categories listed. There was 
consensus that at least one outcome measure representing the 
category exteroception (88% agreement) and one representing 
proprioception (94% agreement) should be included into the tool-
box. For the category of body awareness, the agreement was 
71%, thus, a consensus was not reached. For the category 

interoception, the agreement was low at 47%. The experts 
reached consensus on the following modalities: tactile function 
(94%), joint movement sense (94%), joint position sense (88%), 
dynamic position sense (75%), and spatial body representation 
(88%). Two panellists recommended including additional modal-
ities; for body awareness, mental rotation of body parts, and for 
proprioception, the sense of force. 

In the second round, the questions on including at least one 
outcome measure into the toolbox of the modality of body 
awareness and interoception were rephrased due to the high 
numbers of unsure answers in round 1. While agreement was 
reached to include outcome measures for the two modalities of 
body awareness, panellists did not agree on including modalities 
representing interoception. 

In summary, the following modalities reached consensus for 
inclusion as a potential outcome measure in the toolbox; tactile 
function, joint movement and position sense, dynamic position 
sense, spatial and structural body representation (Figure 3). Five 
themes emerged from the affinity diagram derived from the free- 
text comments. These were (a) the importance of the definitions of 
the relevant categories and modalities; (b) the need for instru-
mented tests of somatosensory function and that such tests must 
be suitable for application in the clinical practice; (c) the influence 
of the child’s cognitive level and age on the results; (d) the rele-
vance to activity and participation of the outcome measures that 
should be applied in clinical practice; and (e) the importance of 
measuring somatosensory function of the trunk. Out of these five 
themes, three criteria were defined for the third survey. These were 
(1) the suitability for clinical practice, (2) child-friendliness, and (3) 
relevance for motor function. The definitions for each category and 
modality were shared with the panellists in the previous rounds. We 
further added the question whether the panellists would include an 
assessment of somatosensory function of the trunk. 

In the third round, the panel members rated the three criteria, 
i.e., the suitability for clinical practice, child-friendliness, and rele-
vance for motor function of the outcome measures listed in the sur-
vey (see Supplementary material S2 for the details of the outcome 
measures). Table 3 shows the number of experts who rated the cri-
teria as high or somewhat high for each of these outcome meas-
ures. None of the outcome measures reached the consensus of 
75% for all of the three criteria. Agreement was reached on (1) suit-
ability for the use in clinical practice for registration of light touch 
and perception of movement direction (Fugl-Meyer Assessment), 
and localisation of tactile input on the lower limb; (2) suitability con-
sidering child-friendliness was only found for the registration of light 
touch (Fugl-Meyer Assessment); and finally, (3) relevance on motor 
function only for the dynamic joint position sense. 

The experts were also asked whether they would recommend 
including somatosensory function outcome measure of the trunk 
into the toolbox. This question was added as a result of the free- 
text comments. Only four of the 15 panellists (27%) would include 
a somatosensory trunk outcome measure into the toolbox. 
Nevertheless, they all stated that the functioning of the trunk as a 
core part of the body is essential for movement and activity. 

Experience with the outcome measures varied among panel-
lists. Panellists reported experience with assessing tactile functions 
for the following modalities; registration of light touch (Fugl- 
Meyer Assessment, n¼ 5; monofilament test n¼ 3), and aesthesi-
ometer (n¼ 7). Seven panellists reported to have experience in 
the application of the following proprioception measures: joint 
position and joint movement sense with motion sensors, joint 
movement sense (Fugl-Meyer Assessment), and dynamic joint 
position sense. Seven panellists had experience assessing body 

Table 2. Characteristics of the panellists (n¼ 15).  

n  

Profession   
Researcher and clinician   6  
Clinician only   6  
Researcher only   3 

Working experience with children with UMN lesions   
Less than five years   1  
5–10 years   3  
More than 10 years   11 

Currently based country   
Netherlands   1  
Belgium   2  
Switzerland   2  
Italy   2  
Germany   2  
United States   3  
United Kingdom   3 

Age group of patients/participants   
0–2 years   9  
2–5 years   12  
5–12 years   14  
12–18 years   15  
18 years and older   2 

Diagnosis of patients/participants   
Cerebral palsy   15  
Traumatic brain injury   7  
Stroke   5  
Spina bifida   5  
Spinal cord injury   2  
Brain tumour   6   
Others� 10  

�Other diagnoses: genetic disorders, syndromes, developmental coord-
ination disorders, multiple sclerosis, autism, developmental delay, or 
children with mental disabilities. 
UMN: upper motor neuron.
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awareness with the outcome measure for localisation of tactile 
input on a body part illustration, and four had experiences assess-
ing a tactile input directly on the lower limb. 

In the fourth round, the panellists were invited to add any rec-
ommendations for implementation of these measures in clinical 
practice (see Table 4). One recommendation was that the applica-
tion and documentation of the outcome measures should be eas-
ily implemented and not time-consuming to perform (e.g., as an 
App). This was also important to improve the child-friendliness of 
the outcome measures, where additional requirements were that 
the measures should be easy to understand and fun for the child. 
The panellists also highlighted the need for validated outcome 
measures, and a standardised protocol with clear instructions. 
Concerning the relevance of the somatosensory function outcome 
measures for activity, the panellists considered that the tests 
should relate to the overall rehabilitation goal of the child and be 
incorporated within and used as part of the clinical reasoning pro-
cess (Table 3). 

Discussion 

This Delphi study aimed to explore consensus on which lower 
limb somatosensory categories, modalities, and outcome meas-
ures are relevant for lower limb motor function in children with 
UMN lesions. In addition, we aimed to explore the 

recommendations of experts for implementing the available out-
come measures in clinical practice. The experts reached consensus 
that outcome measures should cover the categories exterocep-
tion, proprioception, and body awareness. In addition, the experts 
agreed that the modalities of tactile function, joint position sense, 
joint movement sense, dynamic position sense, structural and spa-
tial body representation should be assessed in children with 
UMN lesions. 

Nine outcome measures for these six modalities were then 
scored for the three criteria of (1) suitability for use in clinical 
practice, (2) child-friendliness, and (3) relevance to motor function. 
While some assessments appear practical, appropriate for children, 
or relevant to activity and participation, none of the outcome 
measures achieved 75% or greater agreement (high or somewhat 
high) for all three criteria. For example, light-touch registration, 
assessed with the Fugl-Meyer Assessment, achieved high agree-
ment for use in clinical practice and child-friendliness but low 
relevance for activity. In contrast, measuring dynamic joint pos-
ition sense yielded high agreement for relevance to activity, but 
its use in clinical practice and child-friendliness was rated as low. 
These latter results were similar to the consensus on body aware-
ness modalities. Outcome measures that are easy and quick to 
perform, and do not require specialised equipment, such as the 
Fugl-Meyer Assessments for assessing light touch and joint move-
ment sense, are easily implementable in clinical practice. They can 

Table 3. Third round: Rating of currently available lower limb somatosensory outcome measures.   

% of panellists who selected “high” or “somewhat high” 

Assessment Modality Clinical practicea Child-friendlinessb Relevance for activityc  

Fugl-Meyer Assessment Sensory Scale: Registration of light touch [5] Tactile Function   87   87   30 
Monofilaments: Detect threshold of light touch [9,29] Tactile Function   53   53   47 
Aesthesiometer: Two-point discrimination [9,29] Tactile Function   67   50   47 
Time between the onset of the movement and the perception of  

the movement direction 
Joint movement sense   40   42   57 

Fugl-Meyer Assessment Sensory Scale: Perception of the  
movement direction [5] 

Joint movement sense   88   47   47 

Matching error (�) measured with movement sensors [12] Joint position sense   40   53   73 
To match joint angles with a previously presented target angle  

or a presented goal [9,29] 
Dynamic position sense   47   53   80 

Localisation of tactile input on a body part illustration of the  
foot/lower limb [30] 

Structural body representation   80   43   38 

Localisation of a tactile input directly on the foot/ lower limb Spatial body representation   87   47   50  

Questions in the survey: (a) How would you estimate the suitability of this assessment for use in clinical practice? (e.g., the need for specialised equipment; expert-
ise, or time to conduct, process/analyse, and interpret); (b) How would you estimate the suitability of this assessment for children with a UMN lesion from the age 
of 5 years on? (i.e., from the child’s perspective); (c) How would you rate the relevance of this assessment for standing, balance, and walking?

Figure 3. Summary of the results from the first and second Delphi rounds. 
Legend: Outcomes of the first and second rounds of identifying categories and modalities of somatosensory outcome measures of three categories and six modalities (green) reached consen-
sus to be relevant for motor function. The modalities highlighted in red were excluded.  
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often be completed in a short time, and therefore the child- 
friendliness is likely high. Nevertheless, the low agreement for 
relevance for activity could be related to the low level of evidence 
regarding the relevance of these somatosensory functions for 
motor activities. These findings are well in line with those from 
Clark et al. [24]. They reported various barriers for applying lower 
limb neurological examinations in children, including the limited 
standardisation and the lack of age-specific adjustments that 
would improve the child-friendliness [24]. Further barriers may 
include global mental function, communication, or the child’s abil-
ity to stay concentrated. They and we can conclude that a lot of 
work still needs to be done to develop valid outcome measures 
that are more child-friendly and suitable for clinical practice. 

For the two tactile function outcome measures, the monofila-
ments for detecting light touch and the two-point discrimination 
test, consensus was not achieved on any of the three criteria. 
Panellists commented in their free-text statements that these 
assessments may be of value to use in the rehabilitation for some 
children in clinical practice, such as children after acquired brain 
injury or spinal lesions. We assume that evaluating light touch is 
used more as a measure of somatosensory recovery in these 
patient groups. Particularly for patients with spinal cord injury, 
segmental changes in light touch are part of the International 
Standard for Neurological Classification of Spinal Cord Injury 
(ISNCSCI) [37]. 

The panellists agreed that modalities of body awareness (spa-
tial and structural body representation) should be included in 
assessing somatosensory function in these children. This agrees 
with the Delphi study by Clark et al., in which experts also recom-
mended these two modalities in the neurologic examination of 
the paediatric lower limb [24]. However, to date, no standardised 
protocols are available to assess these modalities. Overall, the 
findings of the current study indicate that the majority of the 
assessments of somatosensory function currently available needs 
to be adapted for routine use within paediatric clinical practice. 
Our results might also be of interest for other paediatric and adult 
patient groups. For example, children with developmental coord-
ination disorders (DCD) can show similar sensorimotor impair-
ments as children with UMN lesions, including reduced 
somatosensory function, especially proprioception [41,42]. 

Methodological limitations 

One methodological consideration is the relatively small number 
of panellists, which also reflects the relatively small number of 
articles published in the field of assessing somatosensory function 
in children with UMN lesions [17]. In addition, some of the panel-
lists did not work with all of the currently available somatosensory 
function assessments. This reflects that standardised tests to 

assess somatosensory functions are rarely applied in routine clin-
ical practice [17]. This lack of standardly applied tests is supported 
by multiple experts’ comments in our Delphi study such as: “it is 
fine to have tests, they need to be standardised and valid”; “I feel 
all of these are important and under assessed”; “Just to say I do 
not regularly use all of these (outcome measures) but feel 
we should.” 

Further, for some modalities, there is currently no instrument 
available, and these modalities are therefore not explicitly tested. 
For example, although joint movement sense can be assessed 
with the sensory scale of the Fugl-Meyer Assessment, panellists 
commented that they would prefer an instrument with sensors 
that accurately measures changes that are relevant to motor func-
tion. Devices to assess joint movement sense are currently avail-
able for research purposes but are not yet accessible for routine 
clinical practice [13]. 

However, the currently available measures need to be adapted, 
especially in relation to their suitability for clinical practice and 
child-friendliness. Further, the view of the expert panellists indi-
cated that a clear link to motor functions and the treatment goal 
must be evident to justify using the somatosensory out-
come measure. 

Finally, future directions of research should include the percep-
tions of children and families in relation to modalities of somato-
sensory function that they would consider meaningful to assess. 
In particular, families could be involved in helping to decide 
which outcome measures are perceived as feasible and child- 
friendly and, if not, how they need to be adapted to achieve this. 

Conclusion 

This study explored the expert consensus regarding the categories 
and modalities, and finally the outcome measures to be included 
in a toolbox assessing lower limb somatosensory function in chil-
dren with UMN lesions. The currently available measures need to 
be adapted, especially concerning their suitability for clinical prac-
tice and child-friendliness. Based on statements from the panel-
lists, the assessments should be relevant for activity and 
participation and finally their application should result in a benefit 
for the child and the treatment process. 
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Table 4. Expert’s recommendations for the implementation of the outcome measures in clinical practice. 

Clinical practice Child-friendliness Relevance for activity  

Easy, quick, and short outcome assessments for the 
toolbox 
Easy to record (e.g., an App-version) 
Reasonable cost 
Clear instructions 
Standardised protocol 
Meaningful for interpretation and documentation 
Validated parameter for all psychometric properties are 
needed for to interpret the outcomes 
More tools are needed, especially to assess 
proprioception 

Easy and quick understandable and fun 
Adapted to the age of the child 
Needs to relate to child’s goal(s) 
Additional benefit for the child 

Needs to relate to the clinical reasoning process 
Use an outcome measure within the ICF activity and 
participation domains 
Importance to add a value at the level of activity and 
participation 
More studies are needed for associating the 
somatosensory function with functional deficits or skills.  
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