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Abstract (300 words) 43 

Objective: To investigated the feasibility, discriminative and convergent validity, and 44 

inter-rater reliability of a lower limb tactile function and two body awareness assess-45 

ments in children with upper motor neuron (UMN) lesions. 46 

Design: Cross-sectional psychometric study  47 

Setting: Pediatric rehabilitation center 48 

Participants: Forty individuals with UMN lesions (mean age 11.7 years, SD 3.4 49 

years; 27 girls) and 40 neurotypically developing children of the same age partici-50 

pated. 51 

Interventions: Not applicable. 52 

Main Outcome Measures: We assessed the tactile threshold (TT) with monofila-53 

ments and body awareness with tactile localization tasks (TLT) for structural 54 

(TLTaction) and spatial (TLTperception) body representation at the foot sole. We com-55 

pared the test outcomes between children with UMN lesions and neurotypically de-56 

veloping children with the Wilcoxon signed-rank test. Furthermore, we quantified the 57 

relationships between the three tests with Spearman correlations (rs) and the inter-58 

rater reliability with quadratic weighted kappa (κQW). 59 

Results: About 80% of the children with UMN lesions perceived the tests easy to 60 

perform. The children with UMN lesions had significantly reduced somatosensory 61 

function compared to the neurotypically developing children. For the more affected 62 

leg, we found good relationships between the TT and the TLTaction (rs =0.71; p<0.001) 63 

and between the two TLTs (rs=0.66; p<0.001), and a fair relationship between the TT 64 

and the TLTperception (rs =0.31; p=0.06). The inter-rater reliability analyses for the sum 65 
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scores showed almost perfect agreement for the TT (κQW more affected leg 0.86; 66 

less affected leg 0.81), substantial agreement for TLTaction (κQW more affected leg 67 

0.76; less affected leg 0.63), and almost perfect agreement for TLTperception (κQW more 68 

affected leg 0.88; less affected leg 0.74). 69 

 Conclusion: The three tests are feasible to assess lower limb somatosensory func-70 

tion in children with UMN lesions. Discriminative and convergent validity and reliabil-71 

ity of the three tests were confirmed. Further studies should investigate responsive-72 

ness and association with motor function of these outcome measures.  73 

 74 

Keywords: Outcome Measures, monofilaments, tactile localization tasks, body 75 

awareness, cerebral palsy, psychometrics 76 

 77 

Abbreviations: 78 

CP  Cerebral palsy 79 

GMFCS Gross Motor Function Classification System  80 

κQW  Quadratic Weighted Kappa 81 

SDC  Smallest Detectable Change  82 

SEM  Standard Error of Measurement 83 

TLT  Tactile Localization Task 84 

TT  Tactile Threshold 85 

UMN  Upper Motor Neuron Lesions 86 

WeeFIM Functional Independence Measure for Children 87 

 88 
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Somatosensory function includes modalities such as detection and localization of 89 

touch. Due to different neural pathways and central processing, detection of light touch 90 

is categorized as tactile function and localization of touch as body awareness.1 Both 91 

categories can be impaired in children with upper motor neuron (UMN) lesions.2–4 92 

The detection of light touch forms the basis for somatosensory processing and can be 93 

quantified by determining the tactile threshold (TT), for example, with monofilaments. 94 

5,6 The TT differs between body parts, e.g., the fingertips are more sensitive than the 95 

elbows or the lower limbs.7 While the detection of light touch is important for performing 96 

fine motor tasks, the detection of higher levels of touch is relevant for preserving tissue 97 

integrity, as deep pressure sensation informs us about uncomfortable positions or 98 

pressure points. For instance, people with impaired deep pressure sensation due to 99 

spinal cord injury have an increased risk of decubiti,8 while children with UMN lesions 100 

can develop pressure points due to wearing ankle-foot orthoses or ulcers after sur-101 

gery.9–11  102 

The tactile localization task (TLT) includes localizing touch stimuli by pointing directly 103 

at the limbs or a visual illustration of the corresponding limbs.12 Both tasks are consid-104 

ered to reveal elements of body representation and thus reflect body awareness. The 105 

ability to localize a tactile stimulus on the limbs belongs to spatial body representation 106 

associated with action. Locating touch on an illustration is considered structural body 107 

representation since it is associated with perception, i.e., knowledge and awareness 108 

of the position of body parts.5 Studies in adults after stroke focusing on the upper limb 109 

showed that the central processing is different when the patients point at the location 110 

on their own body (TLTaction) compared to locate the body part on an illustration (TLT-111 

perception).12,13  112 
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From a developmental perspective, there is a substantial difference between recog-113 

nizing and localizing light touch. The sense of touch is the first to develop, i.e., as early 114 

as 12 weeks of pregnancy.14 In contrast, TLTaction is usually not fully developed until 115 

school age (7 years), and TLTperception even later (around 9-10 years).15 116 

In a Delphi study, experts rated the assessment of tactile function and body awareness 117 

for the lower limb in children with UMN as relevant for clinical reasoning.16 Other stud-118 

ies showed an association between the ability to detect and localize tactile input of the 119 

lower limbs and gross motor function in these children.2,3 Neither the TT nor TLT of 120 

the lower limbs are regularly assessed in clinical practice. 17 One reason could be that 121 

standardized assessment protocols are lacking.18,19 Furthermore, there is no infor-122 

mation on the reliability of these assessments.20 In particular, the use of these assess-123 

ments applied at the foot sole has not been studied in children with UMN lesions. 124 

However, somatosensory information deriving from the sole of the foot plays a central 125 

role in rising from sitting, standing, and walking by supporting the body weight.21   126 

Therefore, a standardized measurement procedure was developed to assess lower 127 

limb TT and TLT on the foot sole. This study investigated the feasibility, discriminative 128 

and convergent validity, and the reliability of TT and TLT in children with UMN lesions. 129 

We addressed the following research questions: i) are the measurement protocols 130 

feasible to assess lower limb TT and TLT in children with UMN lesions? ii) do children 131 

with UMN lesions have significant lower test outcomes than typically developing chil-132 

dren? iii) are the test outcomes related to each other, with fair to moderate correla-133 

tions? and iv) are the assessment scores reliable? 134 

 135 
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Methods 136 

Participants 137 

We recruited patients with neuromotor impairments due to UMN lesions (e.g., cere-138 

bral palsy (CP), acquired brain injury, myelomeningocele, hydrocephalus) attending 139 

the Swiss Children’s Rehab of the University Children’s Hospital Zurich for this 140 

cross-sectional psychometric study. Inclusion criteria were age five to 19 years, and 141 

able to lie 15 minutes in prone position. Exclusion criteria were surgery or injury with 142 

involvement of the lower limbs within the last six months, botulinum toxin injection in 143 

the lower limbs within the previous three months, unable to communicate pain or dis-144 

comfort (verbally or nonverbally) or follow simple short instructions, and noncompli-145 

ance.  146 

With the five levels of the Gross Motor Function Classification System (GMFCS) we 147 

described the gross motor function of the children with CP (Level I = slight limitations, 148 

and Level V = severe limitations).22 We used the Functional Independence Measure 149 

for Children (WeeFIM) sub-scale cognition to quantify cognition.23 Its five items (lan-150 

guage comprehension, expression, social interaction, problem-solving, and memory) 151 

are scored from 1 (total assistance) to 7 (complete independence). Children and young 152 

people can be considered independent when the score equals 5 or more.23 The neu-153 

rotypically developing peers were recruited by convenience sampling. Neurotypically 154 

developing children were eligible for study inclusion if they were aged between five 155 

and 19 years and did not have a history of developmental delay, attention deficit hy-156 

peractivity disorder or neurological, cardiovascular, or musculoskeletal disease. 157 
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All children and young people agreed verbally to participate. Parents and adolescents 158 

aged 14 years and above also signed the informed consent form. The study was ap-159 

proved by the Cantonal Ethics Committee of Zurich (BASEC-Nr. PB_2016-01843) and 160 

followed the good clinical practice guidelines. 161 

We aimed to collect data from at least 30 participants with UMN lesions to obtain a fair 162 

methodological quality in line with recommendations of the “Consensus-based Stand-163 

ards for the Selection of Health Measurement Instruments” for reliability studies.24  164 

Additionally, we targeted to recruit peers of similar ages and sex for the discriminative 165 

validity analysis. 166 

Development of the measurement protocol and procedure 167 

A standardized measurement protocol was developed based on literature and prelim-168 

inary pilot testing. We used six Semmes-Weinstein monofilaments (0.07gr (normal); 169 

0.4gr (normal); 2.0gr (diminished light touch); 4.0gr (diminished protective sensation); 170 

10gr (loss of protective sensation); and 300gr (deep pressure sensation only) from the 171 

foot set of Baseline® Tactile™ (Colorado, United States). We applied the monofila-172 

ments at a 90° angle for a maximum of two seconds to the skin to assess the TT. The 173 

TT was defined as the thinnest monofilament value the children correctly identified in 174 

at least two out of three attempts for each application point. We tested at the plantar 175 

side of the foot: on the middle of the distal phalanx of the first toe (great toe), the first 176 

and fifth metatarsal heads, and the middle of the heel, in random order. We started 177 

with the 4.0gr monofilament.17,25,26 If the child could correctly identify at least two out 178 

of three attempts, the next thinner and more flexible monofilament was applied (i.e., 179 
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lower threshold). Otherwise, the next thicker and stiffer monofilament was taken (i.e., 180 

higher threshold). 181 

For the data analysis, we combined the two thinnest monofilaments (0.07gr and 0.4gr) 182 

into one category reflecting normal TT.27 We transformed the scores into an ordinal 183 

scale from 0 to 5 (0: no sensation when using 300gr monofilament; 1: 300gr, deep 184 

pressure sensation only; 2: 10gr, loss of protective sensation; 3: 4.0gr, diminished 185 

protective sensation; 4: 2.0gr, diminished light touch; and 5: 0.4 and 0.07gr, normal 186 

sensation), so that higher scores reflected better tactile function. Finally, we calculated 187 

the sum score of the four areas using the ordinal ratings (0 ≤ sum score ≤ 20).  188 

For the TLT, the same four areas of the foot sole were tested. A 10gr monofilament 189 

was applied for one to two seconds on each area three times in random order. First, 190 

we tested TLTperception. The child was lying in prone and had an illustration of a foot in 191 

front of their head. Directly after applying the monofilament, the child was asked to 192 

point at the location on the illustration. Second, we evaluated TLTaction. The child was 193 

blindfolded and sat comfortably. After the therapist had applied the monofilament, the 194 

child pointed a finger directly at the perceived point on the sole of the foot. For both 195 

TLT tests, the therapist noted the number of correct localizations for each area, with 196 

the following interpretation of body representation: normal (3 correct out of 3); de-197 

creased (2 correct out of 3); impaired (1 correct out of 3); and loss (0 correct out of 3). 198 

The sum score of the four areas was calculated for TLTperception and TLTaction separately 199 

(0 ≤ sum score ≤ 12). These standardized measurement procedures were applied to 200 

both the children with UMN lesions and the typically developing peers. 201 

To assess the feasibility of the tests, we asked the children to rate the challenge, ex-202 

haustion, concentration, and pain on visual analog scales (VAS) from 0 to 10 points. 203 
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The raters assessed the handling of the monofilaments, their interpretation of the 204 

child's response, and the child’s understanding of the task whilst we recorded the time 205 

needed to position the child and perform the assessments.   206 

The experienced (> 10 years) pediatric physiotherapists (LM and PM) performed the 207 

assessments in random order in a quiet room. They were blinded to each other’s re-208 

sults. The raters identified the more affected leg of the children with UMN lesions 209 

through the medical records. If this information was not in the records, the treating 210 

physiotherapist identified the side with the lower selective motor control using the Se-211 

lective Control Assessment of the Lower Extremity.28 212 

Statistical Analysis 213 

The statistical analyses were conducted using SPSS version 27 (IBM SPSS Statistics, 214 

Chicago, IL). In general, alpha was set at 0.05. Participant characteristics and feasi-215 

bility data were analyzed descriptively. The prevalence of somatosensory impairment 216 

was derived from the number of children having one or more scores of ‘diminished’, 217 

‘decreased’, or ‘loss’ for any of the four areas of the foot. Further, we explored differ-218 

ences between the TT of the four areas using the Friedman’s test with post-hoc Wil-219 

coxon signed-rank tests (after Bonferroni adjustment, corrected alpha = 0.008).29 The 220 

Wilcoxon signed-rank test was also used to investigate the differences between the 221 

more and less affected legs. 222 

For the discriminative validity, we investigated differences between typically develop-223 

ing children and children with UMN lesions with the Mann-Whitney-U-test. The simi-224 

larity of the patient characteristics (age, body height and weight) of the two groups was 225 

analyzed with the Levene test. To investigate convergent validity, we quantified the 226 
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relationships between the three assessments using the sum scores of the four areas 227 

using Spearman correlation coefficients (rs). We used the following benchmarks; 0–228 

0.25 (no or little relationship), 0.25–0.50 (fair degree), 0.50–0.75 (moderate to good 229 

relationship), 0.75–1.00 (very good to excellent).30  230 

We quantified the reliability of the TT and TLT assessments using quadratic 231 

weighted kappa (κQW) and 95 % Confidence Intervals (CIs) and used the following 232 

benchmarks: 0.00-0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 substan-233 

tial, 0.81-1.00 almost perfect agreement.31 For the absolute reliability, the smallest 234 

detectable change (SDC) was calculated: 235 

𝑆𝐷𝐶 =  1.96𝑥√2𝑥 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝐸𝑟𝑟𝑜𝑟 𝑜𝑓 𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑚𝑒𝑛𝑡 (SEM), and 𝑆𝐸𝑀 = √𝜎𝑡
2 + 𝜎𝑒

2.32  236 

Statistical differences between raters, and first and second tests, were assessed with 237 

the Wilcoxon-signed-rank test (after Bonferroni adjustment, corrected alpha = 238 

0.017).29 239 

 240 

Results 241 

Forty children with UMN lesions and a mean age of 11.7 years (SD 3.4y, range 5-18 242 

years) participated (Table 1). One rater tested 16 children, and the other 24 children 243 

with UMN lesions. According to the WeeFIM cognition sub-scale, thirteen children 244 

needed assistance for comprehension, nine for expression, twelve for social interac-245 

tion, seventeen for problem-solving, and thirteen for memory. Forty neurotypically de-246 

veloping peers (27 girls; 13 boys) aged 11.3y SD 2.9y, with a dominant right leg in 25 247 

children, served as controls. Levene’s test showed that both groups have similar var-248 

iances for age (p=0.24), size (p=0.25), and weight (p=0.34). Neither the children with 249 
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UMN lesions nor the neurotypically developing peers expressed pain on the assess-250 

ment day.  251 

Feasibility of the somatosensory measures 252 

The three tests lasted on average 18 minutes (range: 13-33 minutes). One child 253 

(5.25y; GMFCS-Level II; WeeFIM cognition 18/35; requiring assistance for all five 254 

items) was unable to participate in the tests due to poor concentration. Therefore, the 255 

results are based on 39 children. Another child was not able to perform the TLT tests 256 

(5.2y; GMFCS-Level III; WeeFIM cognition 34/35). Five children could not participate 257 

in the TLTaction assessment as they were unable to point at their foot sole due to their 258 

impaired motor function. All these children had bilateral CP (four were classified with 259 

GMFCS level IV, one with level V). Only one child with GMFCS level IV was able to 260 

perform that test.  261 

Further feasibility results indicate an untroublesome performance for the tests, both 262 

for the children and the raters (figure 1).  263 

Test results 264 

When examining the more affected leg, 59-69% of the children with UMN lesions 265 

showed normal TT, 61-70% normal TLTaction, and 53-68% normal TLTperception (figure 266 

2). The sum scores of the more and less affected sides did not differ significantly for 267 

all three tests. For the TT, we investigated the differences between the thresholds of 268 

the four tested areas (great toe, the first and fifth metatarsal heads, and heel). The TT 269 

did not differ significantly (p = 0.06) for the more affected leg, but there was a signifi-270 

cant effect of area for the less affected leg (p<0.001; Supplementary material S1). 271 
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Between 87 and 97% of the typically developing children had normal values for the 272 

less dominant leg and 80-97% for the dominant leg. For the TLTaction, 92-100% of the 273 

children had normal values of the non-dominant leg, and all children had normal values 274 

(100%) for the dominant leg. For the TLTperception, all typically developing children had 275 

normal values for both legs. Figure 2 shows the results of the non-dominant leg. 276 

Hypotheses testing: discriminative and convergent validity 277 

The children with UMN lesions had significantly lower values (i.e., higher somatosen-278 

sory impairment) for the more affected leg than their neurotypically developing peers 279 

(the non-dominant leg) in all tests and for all locations (figure 2). We found similar 280 

results for the less affected leg (dominant leg for the controls), except for the TT of the 281 

first metatarsal head, which did not differ between the groups (p=0.13; see supple-282 

mentary material S2). Also the sum scores (supplementary material S3) of the more 283 

affected (non-dominant) and less affected (dominant) legs were significantly lower in 284 

the children with UMN lesions.  285 

For the more affected leg, the relationships between the sum scores of the assess-286 

ments was good for TT and TLTaction (rs=0.71; p<0.001), fair for TT and TLTperception 287 

(rs=0.31; p=0.06), and good between the two TLTs (rs=0.66; p<0.001). For all results, 288 

see figure 3.  289 

Inter-rater reliability 290 

Thirty children performed the TT twice. Kappa values for the sum scores were almost 291 

perfect for the more affected leg (0.86) and the less affected leg (0.81). The SDC 292 

values calculated for the individual areas varied between 1.20-1.48, while the SDC 293 
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value of the total score amounted to 3.29, indicating that a change or difference of four 294 

points in the total score are needed to be considered a ‘true’ change (Table 2).  295 

Twenty-nine children performed the TLT tests twice. For the TLTaction, the agreement 296 

of the sum scores was substantial for both the more (κQW 0.76) and the less affected 297 

leg (κQW 0.63; Table 2). The sum score of the TLTperception test showed almost perfect 298 

agreement for the more affected leg (κQW 0.88) and substantial agreement for the less 299 

affected leg (κQW 0.74; Table 2). The SDC values of the TLT total scores varied be-300 

tween 3.24-4.49 (Table 2). There were no statistically significant differences in the 301 

scores of all three tests between the results of the two raters. In addition, subsequent 302 

tests did not significantly differ from each other (Supplementary material S4).  303 

 304 

Discussion 305 

We determined the feasibility, validity, and reliability of three somatosensory function 306 

assessments of the lower limb. Our main results are: (i) the TT and TLT assessments 307 

are generally feasible to apply in children with UMN lesions, (ii) the tests showed high 308 

discriminative and acceptable convergent validity, and (iii) the inter-rater reliability of 309 

the sum scores was substantial to almost perfect (κQW 0.63-0.88). 310 

The children's acceptance of the test and compliance with the instructions were gen-311 

erally good. However, one young child (5.25 y) could not complete any of the tests, 312 

and a second young child (5.2 y) could not perform the TLT tests. One barrier could 313 

be the cognitive demand and ability to remain concentrated while performing these 314 

tests. Nevertheless, even those with less than half of the maximum cognitive sub-315 
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score on the WeeFIM (n=13, 26%), indicating substantial issues with cognitive abili-316 

ties, were able to perform the tests. That shows that our test procedure is straightfor-317 

ward and easy to understand. Additionally, both raters appraised the monofilament 318 

handling to perform for the TT and TLT as easy (VAS 0-2). Finally, as the TLTaction 319 

requires a certain level of motor ability, five children with more severe motor impair-320 

ment (GMFCS IV and V) could not complete this test. Handling the monofilaments was 321 

easy for both assessors, although they had not used them routinely as an assessment 322 

before.  323 

The prevalence of somatosensory impairment of the TT (31-41% in our study) is partly 324 

comparable to that reported for chronic adult patients post-stroke, where the preva-325 

lence varied from 21%  to 38%.33 In one study, the authors pooled data from five stud-326 

ies, however, none of these studies used the Semmes Weinstein monofilaments to 327 

investigate the TT.34 In another study, four areas of the leg (thigh, shin, foot, toes) 328 

were tested with the Erasmus MC modified version of the Nottingham Sensory As-329 

sessment in 179 adults after stroke. For the foot, 21%, and for the toes, 25% of the 330 

patients had light touch impairments or loss. 33  331 

Other reports on the prevalence of somatosensory lower limb impairments in children 332 

with UMN lesions are lacking. However, for the upper limb, 77% of 52 children with 333 

unilateral CP showed a tactile deficit of the more affected hand.35 It is important to note 334 

that only children with unilateral CP were included in this study.35 335 

Almost half of the children with UMN lesions had difficulties to localize the tactile input 336 

on the first and fifth metatarsal head for the TLTperception, while for TLTaction, more than 337 

60% could localize the input correct. These results are novel, and we cannot compare 338 

our results since there is no com-parable study with enough children with UMN lesions.  339 
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The total scores of the three tests could differentiate well between the groups of chil-340 

dren with UMN lesions and neurotypically developed peers. The tests revealed signif-341 

icant differences in all four areas of both legs, except for the first metatarsal head of 342 

the less affected/dominant leg. In this area, 82% of the children with UMN lesions had 343 

a normal sense of touch, which explained the non-significant differences between the 344 

two groups. Our results are consistent with another study that found a significant dif-345 

ference in the TT using monofilaments on the foot sole between children with CP and 346 

typically developing children.36 Furthermore, Chai and colleagues found a significant 347 

difference in the TT assessed on the great toe between children and youths with cer-348 

ebral hemispherectomy (n=12) and typically developing children.37 349 

The higher correlation coefficient between the TT and TLTaction (rs=0.71) compared to 350 

TT and TLTperception (rs=0.31) could be explained by the closer association between the 351 

perception of tactile input and the identification of  this location on the body compared 352 

to  an image.5,12 This correlation was comparable to that of the two TLT results 353 

(rs=0.66).  354 

A study investigated the intra-rater reliability of the International Standards for Neuro-355 

logical Classification of Spinal Cord Injury (ISCSCI) motor and sensory exam in chil-356 

dren with spinal cord injury.38 They found a poor feasibility of the sensory exam in 357 

children under the age of five, and high feasibility and reliability for children above this 358 

age. To our knowledge, no other studies reported on the feasibility of the lower limb 359 

somatosensory tests in children with UMN lesions.  360 

The sum scores of all three tests showed a substantial to high inter-rater reliability. 361 

The TT had an almost perfect agreement on the more affected side but lower reliability 362 

on the less affected side. We assume that this difference is caused by the smaller 363 
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distribution of the data for the less affected leg (to-wards maximum values), which 364 

influences the calculation of the kappa statistic (see table 2). The TT outcomes for the 365 

heel differed between the raters and the reliability for the TLTaction was fair. As the heel 366 

area covered a larger anatomical area than the other three areas with differing levels 367 

of calloused skin, we recommend marking a smaller central area on the heel to im-368 

prove the standardized application and, therewith, interpretation of threshold and lo-369 

calization, respectively. To date, there are no other studies investigating the reliability 370 

of these tests for the lower limbs. However, another study investigating TLTperception 371 

assessed four points of the upper and lower thigh.2 The authors assessed 18 children 372 

with motor deficits due to CP (n=9), autism spectrum disorders (n=5), intellectual dis-373 

abilities (n=3), and attention deficit hyperactivity disorder (n=1). They found that chil-374 

dren with lower motor function showed significantly lower TLT function of the lower 375 

limb. However, they did not assess the feasibility and reliability of the TLT perception 376 

test.2 377 

Because the measurement protocol and ordinal rating of the TLT (i.e., normal, de-378 

creased, and loss) are new, further studies should investigate the validity of the pro-379 

posed ordinal scale and its use in clinical practice. In addition, depending on the study 380 

question, it would be worth assessing other lower limb parts. 381 

 382 

Study Limitations 383 

The methodological quality of this psychometric study is ‘fair’ according the COSMIN 384 

guideline, due to the moderate sample size.24 For the TLTaction, we only tested 29 385 

children twice. In addition, only two testers performed the assessments, which limits 386 



Lower limb tactile and body awareness assessments  

18 

 

the generalizability of the practicability and reliability findings. To ensure that the chil-387 

dren's condition was stable between the tests, the tests occurred directly one after 388 

the other. We could exclude the influence of fatigue or a learning effect on the results 389 

of the second test, as there was no statistical difference between the first and sec-390 

ond tests (see S2).  391 

Another issue was that few participants with acquired brain injuries in a subacute 392 

phase (less than six months after injury) were enrolled in the study. One reason for 393 

that was that at the early stage after injury, they were not stable enough to undergo 394 

the complete testing procedure. It is possible that the timing of the brain injury influ-395 

ences somatosensory function, so our results cannot be generalized for children and 396 

youths in the first six months after injury.  397 

Conclusion 398 

The TT, TLTperception and TLTaction assessments proved feasible in children with UMN 399 

lesions and showed high discriminative, convergent validity, and reliability. Further 400 

research should investigate the responsiveness of these outcome measures and the 401 

association between somatosensory modalities and motor activities.  402 

 403 
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Table 1. Characteristics of the children with UMN lesions (n=40) 

Variables Characteristics Number (n) 

Age groups 5 to ≤ 10 years 

10 to ≤ 14 years 

14 to ≤ 19 years 

11 

19 

10 

Gender Girls  

Boys 

27 

13 

More affected leg* Right leg  

Left leg 

26 

14 

Medication No medication 

Pain medication 

Anti-spastic 

Anti-epileptics 

Other medication** 

25 

2 

5 

4 

4 

Diagnosis*** Cerebral palsy 26 

 GMFCS Level I  

Level II  

Level III  

Level IV  

Level V  

11 

4 

5 

5 

1 

 Stroke  

Traumatic Brain injury  

Myelomeningocele  

Others*** 

6 

1 

1 

6 

Type of Tone Spastic  

Ataxia 

Mixed tone  

Not applicable 

18 

3 

11 

8 

* The more affected leg was identified from the medical records of each par-
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ticipant as the leg exhibiting the lower selective motor control; **Others medi-

cation includes medications against allergic reactions or nausea; *** Thirty-

three children had a congenital brain lesion, six an acquired brain lesion, and 

one child had both; ***other diagnoses such as: congenital ataxia, epilepsy, 

hydrocephalus, schizencephaly 

Abbreviations: UMN – Upper Motor Neuron; GMFCS – Gross Motor Function 

Classification System 
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Table 2. Inter-rater reliability the more and less affected side for the tactile threshold (TT); tactile localization task TLTaction and tactile localization 

task TLTperception 

  More affected side Less affected side 

  Rater A 

Med (IQR)  

Rater B 

Med (IQR) 

p-

value 

κQW (95% CI) SDC Rater A 

Med (IQR) 

Rater B 

Med (IQR) 

p-

value 

κQW (95% CI) SDC 

 T
T

 (n
=

3
0

) 

Sum score 19 (18-20) 20 (18-20) 0.60 0.86 (0.75-

0.98)** 

3.29 19 (18-20) 20 (18.75-

20) 

0.04 0.81 (0.57-

1.00)** 

3.39 

Big toe 5 (5-5) 5 (4.75-5) 0.52 0.84 (0.66-

1.00)** 

1.20 5 (5-5) 5 (5-5) 1.00 0.79 (0.57-

1.00)** 

0.84 

first metatarsal 

head 

5 (4.75-5) 5 (4.75-5) 0.53 0.76 (0.47-

1.00)** 

1.25 5 (5-5) 5 (5-5) 0.66 0.87 (0.72-

1.00)** 

0.86 

fifth metatarsal 

head 

5 (4-5) 5 (4-5) 0.53 0.84 (0.69-

0.98)** 

1.48 5 (5-5) 5 (5-5) 0.04 0.41 (0.10-

0.88)* 

1.63 

heel 4.5 (4-5) 5 (4-5) 0.05 0.80 (0.64-

0.96)** 

1.46 5 (4-5) 5 (4-5) 0.17 0.72 (0.53-

0.91)** 

1.17 
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T
L

T
a
c
tio

n  (n
=

2
9

) 

Sum score 11 (9-12) 11 (8.75-

12) 

0.56 0.76 (0.59-

0.92)** 

3.24 11 (9-12) 11 (8.5-12) 0.17 0.63 (0.34-

0.92)** 

4.49 

Big toe 3 (2-3) 3 (2-3) 0.54 0.64 (0.33-

0.95)** 

1.49 3 (3-3) 3 (2-3) 0.23 0.44 (0.03-

0.82)* 

1.85 

first metatarsal 

head 

3 (3-3) 3 (2-3) 0.15 0.54 (0.19-

0.91)* 

1.67 3 (2-3) 3 (2-3) 0.29 0.46 (0.19-

0.74)* 

1.71 

fifth metatarsal 

head 

3 (2-3) 3 (2-3) 0.73 0.64 (0.31-

0.97)** 

1.54 3 (2-3) 3 (2-3) 0.27 0.38 (0.05-

0.71)* 

1.79 

heel 3 (2-3) 3 (2-3) 0.69 0.28 (0.08-

0.58) 

2.16 3 (2-3) 3 (2-3) 1.00 0.47 (0.14-

0.79)* 

1.67 

T
L

T
p
e
rc

e
p
tio

n
 (n

=
2
9

) 

Sum score 11 (9-12) 11.5 (6-12) 0.68 0.88 (0.71-

1.00)** 

3.66 11 (10-12) 11 (9-12) 0.50 0.74 (0.55-

0.92)** 

4.46 

Big toe 3 (2-3) 3 (3-3) 0.53 0.79 (0.57-

0.98)** 

1.21 3 (2-3) 3 (2-3) 0.45 0.64 (0.42-

0.87)** 

1.52 
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 585 

 586 

 587 

first metatarsal 

head 

3 (1.5-3) 2.5 (1-3) 0.44 0.76 (0.58-

0.93)** 

1.46 3 (3-3) 2 (2-3) 0.14 0.63 (0.34-

0.92)** 

1.84 

fifth metatarsal 

head 

3 (2-3) 3 (2-3) 0.85 0.51 (0.41-

1.00)* 

1.72 3 (2-3) 3 (2-3) 0.75 0.38 (0.10-

0.72)* 

2.08 

heel 3 (2.5-3) 3 (1.75-3) 0.19 0.68 (0.38-

0.98)** 

1.49 3 (2-3) 3 (2-3) 0.78 0.54 (0.18-

0.91)** 

1.50 

 Legend: Values from rater A, rater B, and the p-value of the Wilcoxon signed rank test; Quadratic weighted Kappa (95% CI) values quantifying 

relative inter-rater reliability (** = p<0.0002; * = p<0.001), and Smallest Detectable Change (SDC) representing absolute reliability of the more 

affected side  

Abbreviation: CI - Confidence Interval; n – number; TT – Tactile Threshold: TLT – Tactile Localization Task; Med – Median; IQR – Interquartile 

range; SDC – Smallest Detectable Change 
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Fig. 3 603 

 604 

 605 

 606 

 607 

 608 

 609 

 610 



Lower limb tactile and body awareness assessments  

32 

 

 611 

Supplement material S1 612 

 613 

 614 

 615 

 616 

 617 

 618 

 619 

 620 

 621 

 622 

 623 

 624 

 625 

 626 

 627 

 628 

 629 

 630 



Lower limb tactile and body awareness assessments  

33 

 

 631 

 632 

Supplement material S2 633 

 634 

 635 

 636 

 637 

 638 

 639 

 640 

 641 

 642 

 643 

 644 

 645 

 646 

 647 

 648 



Lower limb tactile and body awareness assessments  

34 

 

 649 

Supplement material S3 650 

 651 

 652 

 653 

 654 



Lower limb tactile and body awareness assessments  

35 

 

 655 

Supplement material S4 656 

 657 

 658 

 659 

 660 

 661 

 662 



Lower limb tactile and body awareness assessments  

36 

 

 663 

 664 

 665 


