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Abstract

Children with unilateral spastic cerebral palsy (USCP) often have tactile impairments. Intensive
bimanual training improves the motor abilities, but the effects on the sensory system have not been
studied. Here we compare the effects of bimanual training with and without tactile training on
tactile impairments. Twenty children with USCP (6-15.5 years; MACS: I-I11) were randomized to
receive either bimanual therapy (HABIT) or HABIT + tactile training (HABIT + T). All
participants received 82 h of standardized HABIT. In addition 8 sessions of 1 h were provided to
both groups. The HABIT + T group received tactile training (without vision) using materials of
varied shapes and textures. The HABIT group received training with the same materials without
tactile directed training (full vision). Primary outcomes included grating orientation task/GOT and
stereognosis. Secondary outcomes included two-point discrimination/TPD, Semmes-Weinstein
monofilaments/SWM. The GOT improved in both groups after training, while stereognosis of the
more-affected hand tended to improve (but p=0.063). No changes were found in the TPD and the
SWM. There were no group x test interactions for any measure. We conclude tactile spatial
resolution can improve after bimanual training. Either intensive bimanual training alone or
incorporation of materials with a diversity of shapes/textures may drive these changes.
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1. Introduction

Impaired function in children with unilateral spastic cerebral palsy (USCP) does not purely
result from motor impairments, but is also affected by concomitant sensory impairments.
Tactile registration, tactile perception, and sensorimotor integration are essential for grasping
and releasing objects (Gordon & Duff, 1999a, 1999b), dexterous manipulation (Bleyenheuft
& Gordon, 2013), and activities of daily living (Auld, Boyd, Moseley, Ware, & Johnston,
2012). There have been studies investigating sensory contribution to motor control in
children with USCP (Auld et al., 2012; Auld, Russo, Moseley, & Johnston, 2014; Gordon &
Duff, 1999a). However, whether intensive bimanual training or tactile training is effective in
modifying tactile impairments in children with USCP has never been investigated.

Early animal studies directly tested how sensory deprivation affected the motor system. Mott
and Sherrington (1895) showed that deafferentation, an abolition of sensory input, impaired
the performance of skilled movements in monkeys. Although the underlying
pathophysiology is different in deafferented monkeys and in USCP, these studies highlighted
the contribution of sensory input to fine motor control. Recently, neuroplastic changes were
demonstrated in rats’ sensory cortex (S1) after enhanced environmental or motor training.
Joo et al. (2012) showed increased somatosensory evoked potentials that paralleled motor
recovery. Alwis and Rajan (2013) showed that 8 weeks of environment enrichment increased
electrophysiological responses to tactile stimuli. These studies highlight the interaction
between sensory and motor systems.

Studies investigating effects of somatosensory training programs on modifying sensorimotor
functions in adult stroke are emerging (Carey, Macdonell, & Matyas, 2011). While it has
been acknowledged that the sensory impairment is a major contribution to motor
impairments in children with USCP (Bleyenheuft & Gordon, 2013), effective therapy in
improving tactile impairment is lacking (Auld et al., 2014). The study by Charles, Lavinder,
and Gordon (2001) is the only study using intensive hand therapy which reported an
improvement in tactile discrimination in 3 children after constraint-induced movement
therapy (CIMT). They attributed the improvement in tactile discrimination to an increase in
tactile input and its subsequent change in cortical receptor fields for the fingers. More
recently, studies investigating neuroplastic changes associated with intensive hand therapy
using functional Magnetic Resonance Imaging (fMRI) or magnetoencephalography (MEG)
demonstrated increased activation associated with CIMT (Juenger et al., 2013) or HABIT
(Bleyenheuft et al., 2015) in S1 or M1 in USCP and in adult stroke (Laible et al., 2012). In
summary, tactile function could be improved after intensive hand therapy in children with
USCP, and neurophysiological changes associated with intensive therapy may be found in
S1 or M1. These studies prompted us to probe deeper into the relationship among intensive
hand training, tactile training, and their impact on tactile function in children with USCP.
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Both unimanual and bimanual intensive therapy have been shown to improve hand motor
function in children with USCP (Gordon et al., 2011, 2008; Sakzewski, 2012; Sakzewski et
al., 2011). Bimanual intensive therapy improved self-determined goals more than unimanual
therapy as bimanual training allows use of both hands (e.g., tying shoes) (Brandao, Gordon,
& Mancini, 2012; Gordon et al., 2011). In addition, bimanual training improved bimanual
coordination more than unimanual training (Hung, Casertano, Hillman, & Gordon, 2011).
Consequently, we adopted bimanual training as a common ingredient in our study. We
further aimed to compare the efficacy of two interventions in this pilot study: intensive
bimanual training (hand—arm bimanual intensive therapy, HABIT) vs. intensive bimanual
training that includes tactile training (HABIT + T) on modifying tactile function in children
with USCP. We hypothesized that tactile function could be enhanced after HABIT due to the
enriched environment created by exposure to objects of varied textures, and tactile function
could be further enhanced with additional tactile training.

2. Methods

2.1. Participants

Participants included a sample of convenience that was recruited from a subset of two
ongoing trials (Bleyenheuft, Arnould, Brandao, Bleyenheuft, & Gordon, 2015; Brandao et
al., 2013). The inclusion criteria were established based on prior HABIT trials (Brandao et
al., 2013; Gordon et al., 2011; Gordon, Schneider, Chinnan, & Charles, 2007): (1) age 6 to
18, diagnosed with congenital USCP, (2) the ability to lift the more-affected arm 15 cm
above a table surface and grasp light objects, (3) cognition level defined as mainstreamed in
school (Kaufman Brief Intelligence test score >70), (4) demonstrated ability to follow
instructions and complete testing. Exclusion criteria included: (1) health problems unrelated
to USCP, (2) uncontrolled seizures, (3) visual problems interfering with intervention/testing,
(4) severe muscle tone at any joint (Modified Ashworth score >3.5), (5) orthopedic surgery
on the more-affected hand within one year, and 6) botulinum toxin therapy in the upper limb
within the last 6 months or intended treatment within the study period. Informed assent/
consent forms were obtained from participants and caregivers. This study was approved by
the respective Universities’ Institutional Review Boards.

2.2. Procedures

2.2.1. General intervention procedures—One bimanual training camp was conducted
at Teachers College in New York City in early July 2012. Another bimanual training camp
was conducted at Université Catholique de Louvain in Brussels, Belgium in late July 2012.
In each site, participants were randomized offsite using concealed allocation stratified by
their baseline tactile discrimination threshold (measured by Grating Orientation Task) and
baseline unilateral dexterity (measured by Jebsen—Taylor Test of Hand Function) of the
more-affected hand. Twenty participants were randomly assigned to a (1) HABIT including
tactile training group (HABIT + T, 7=4 in New York, /7= 6 in Brussels) or (2) HABIT
group (HABIT, n= 4 in New York, 7= 6 in Brussels).

HABIT is a form of intensive bimanual training for children with USCP using motor
learning principles (Charles & Gordon, 2006). Children are engaged in using both hands in
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bimanual play and functional activities. The more-affected hand is treated as the assisting
hand (active assist or stabilizer) in the context of task practice. Motor learning principles of
whole-task and part-task practice are applied. Clinical trials of HABIT have shown efficacy
in improving children’s manual dexterity, bimanual hand use, and performance of functional
goals (Brandao et al., 2013, 2012; Gordon et al., 2011, 2007).

2.2.2. Intervention details—All participants received 82 h of standardized intensive
bimanual training within 3 weeks by trained interventionists. In both sites, an additional 8 h
of treatment was provided in a separate room with a different interventionist (specifically
trained). Children’s regular interventionists were not allowed in this training room. During
that time, the HABIT + T group received tactile training using tactile stimulating materials
(without vision, described in Section 2.2.3). The HABIT group received the same dosage/
schedule of controlled training with the same material but without specific tactile-directed
training (standardized HABIT-full vision, see Section 2.2.3). Apart from the specially
trained interventionist for those 8 h of tactile/control training, regular interventionists (for
the 82 h of standardized HABIT) were trained at a pre-intervention session on procedures
common to the 2 groups, such as strategies to engage children actively involving the use of
both hands and safety. Daily team meetings reinforced individual treatment plans. The 2
camps had the same supervisor to ensure the uniformity of intervention.

2.2.3. Tactile and control training—The 8 h of specific tactile intervention or control
training was conducted systematically by the same interventionists at both sites. During
those 8 h, children received either tactile training or control training (1 h/session x 8 camp
days, 8 sessions in total).

Children in the HABIT + T group received 8 sessions of 1 h tactile training. Specific training
components encompassed (a) tactile discrimination and matching: training modalities
included texture (e.g., fur and plastic), shape (e.g., circle and square), and size, (b) finger
resistance discrimination and matching (cylinder blocks with different resistance for fingers
to push in, see Fig. 1A and B). Training was primarily administered with the child
blindfolded or exploring objects in bags (i.e., not visible). Yet, instructions and knowledge of
results were given with vision. Both hands were required to engage in the tasks. Skill
progression and engagement of both hands for bimanual manipulation were ensured. An
example for a texture-matching task is that a child would first touch/feel an object with one
hand (e.g., a sand-paper-top cylinder, see Fig. 1A). The child would be asked to identify the
same object among various objects (e.g., fur-top cylinder, spiky-plastic-top cylinder, plastic
alphabets) by exploring with the other hand. If children were not able to explore objects due
to their motor impairments, interventionists supported the objects in children’s hand to allow
exploration. Children received knowledge of results after each trial by visual/verbal
feedback from the interventionists. Positive reinforcement was always provided.

Children in the HABIT group did not receive tactile training. During the control training,
they received standardized HABIT by playing with the same materials (full vision) in the
same environment (same room/interventionist) as those provided to the HABIT + T group.
Participants in this group received control training with the same schedule and frequency as
those in the HABIT + T group (Lhr/session on 8 camp days). Intervention materials were
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applied in the context of play and functional activities in this group. This design controlled
for confounds of the differential effects by exposing children to different materials and
different interventionists.

2.3. Measurements

Participants were evaluated directly prior to treatment (pre-test) and within 2 days after
treatment (post-test) by one physical therapist blinded to group allocation. Primary outcomes
included grating orientation task/GOT and stereognosis. Secondary outcomes included two-
point discrimination/TPD, Semmes-Weinstein monofilaments/SWM, the Jebsen-Taylor Test
of Hand Function/JTTHF and the Assisting Hand Assessment/AHA. The details of each
assessment are described below.

The tactile spatial resolution was measured by the GOT using the JVP domes (Stoelting Co.,
Wood Dale, IL, USA). It was validated in children with USCP (Bleyenheuft & Thonnard,
2011). During testing, children had their palmer side of the index finger tip exposed and
resting on the table. They were first given 4 practice trials with vision/verbal feedback,
followed by 4 practice trials without vision and with verbal feedback. We used 11 domes
presenting gratings with equal distances of bar & groove widths (0.35, 0.5, 0.75, 1.0, 1.2,
1.5, 2.0, 3.0, 3.5, 4.0, 4.5 mm). The domes were perpendicularly applied to the index finger
pad for 1-2 s, which resulted in ~2 mm of deformation on the skin (a procedure validated in
children, see Bleyenheuft, Cols, Arnould, & Thonnard, 2006; Bleyenheuft & Thonnard,
2007). Children determined the grating orientation (along or across the finger). Two-
alternative orientations (forced-choice) were used for each trial. Each dome was tested in 10
trials using a pseudo-random presentation order of 5 trials with the gratings along horizontal
axis and 5 trials with the gratings across the longitudinal axis of the finger. We started with
the 3.0 mm dome. Children were tested with the next smaller width when the correct
response rate of the current dome was =60%. They were tested with the next larger width
when the correct response rate of the current dome was <50%. Threshold search stopped
when the child consistently failed to discriminate (i.e., =2 domes showing the correct
response rate <50%). A final threshold was calculated based on an estimate of 75% correct
width (Van Boven & Johnson, 1994). A default threshold of 4.5 mm was assigned when they
were unable to reach a correct response rate of 70% even when tested with the widest dome
(4.5 mm).

Stereognosis was measured with the Manual Form Perception Test (Cooper, Majnemer,
Rosenblatt, & Birnbaum, 1995). Children were asked to identify 10 objects by touching/
feeling them. Five objects of daily use (toothbrush, tennis ball, comb, large cup, and candy-
in-wrapper) and five shapes (circle, triangle, square, diamond, and octagon) were randomly
presented to children. The total number of correctly identified items was the final score.

Static TPD was performed by using Disk-criminator® (Mackinnon & Dellon, 1985).
Children were first instructed with the testing procedure of differentiating between 1-point
and 2-points on the less-affected hand with vision. They were tested on thumb, index, and
middle finger pads of both hands. The evaluator randomly assigned 1- or 2-point stimuli.
Each finger was tested with 10 random trials at each distance. When a child achieved 7
correct responses at the distance tested, evaluator tested with the next smaller distance.
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When a child failed to achieve 7 correct responses at the distance tested, evaluator tested
with the next larger distance. The minimal distance children were able to distinguish two
discrete points, ranging from 2-15 mm, was recorded for each finger as the final score. If a
child could not discriminate 1- or 2-point stimuli with a distance of 15 mm, a default
threshold of 15 mm was assigned.

Tactile perception was tested with Semmes-Weinstein monofilaments (SWM) (Smith &
Nepher Roylan Inc. Germantown, WI, USA) (Weinstein, 1993). We used a 20
monofilaments kit. Monofilaments were applied to the index finger pad. Children said
“touch” or “yes” when they felt the filament. A few practice trials were given on the less-
affected hand until they understood the procedure. We started with the 4.31 filament and
searched for the threshold.

The Jebsen—Taylor Test of Hand Function (JTTHF) (Jebsen, Taylor, Trieschmann, Trotter, &
Howard, 1969) is a standardized test quantifying unilateral dexterity as the movement time
(in seconds) to complete motor tasks. It consists of subtests including card flipping, small
objects manipulation and placement, simulated eating, checker stacking, and empty and full
can manipulation. The maximum completion time of each subtest was 180 s, and if it was
clear a child could not complete the items, the test was stopped to prevent frustration and
fatigue and the maximum time was recorded. The total score (in seconds) is an addition of
the 6 subtests time.

The Assisting Hand Assessment (AHA, version 4.3) (Krumlinde-Sundholm & Eliasson,
2003) quantifies the effectiveness of the more-affected hand use in bimanual activities (in 0—
100 AHA-unit). The test was videotaped and scored off-site by an evaluator blinded to group
allocation.

2.4. Statistical design

Statistical analyses were performed using SPSS (Version 21). A 2 (group) x 2 (test session)
ANOVA with repeated measures on test sessions was performed on each measure for the
more- and the less-affected hand. This design was to test efficacy of training on tactile and
motor function and to examine if treatment efficacy differed depending on group
assignment. As many of the measures violated assumptions of normal distributions, we
logarithm-transformed the raw data using log base10. Given that the ANOVA results on raw
data and logarithm-transformed data were qualitatively similar, we thus reported the
statistical results on the log-transformed data below. Figures show the raw values however. £
Tests were performed to test group differences at baseline. Pearson coefficient correlations
were performed to examine the predictors of changes in function. p-Values under 0.05 were
set as statistical significance.

3. Results

Patient flow is shown in the flow diagram (Fig. 2). Twenty children with USCP (ages 6-15.5
years; MACS level: I-111) met the inclusion criteria and were randomized to receive either
HABIT or HABIT + T. One participant in the HABIT group in Brussels dropped out of the
study. A total of 19 participants (ages 6-15.5 years; MACS level: I-I11) completed 90 h of
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training. Clinical characteristics of participants are described in Table 1. There were no
significant differences in the primary measures or secondary measures between the two
groups at the baseline (all p> 0.15).

3.1. Changes in tactile spatial resolution & stereognosis after training

Fig. 3 shows the means of the more-affected hand for the HABIT + T and HABIT groups at
pre-test and post-test for the GOT, stereognosis, the JTTHF, and the AHA. For the GOT,
there was a 0.36 mm and a 0.82 mm improvement in the discrimination threshold in the
more-affected hand for the HABIT + T and HABIT groups, respectively (Fig. 3A). There
was a 1 mm and a 1.05 mm improvement in the discrimination threshold in the less-affected
hand for the HABIT + T and HABIT groups, respectively (Fig. 3B). A test session effect
showed that the improvement in the GOT was significant (Table 2, more-affected hand, p=
0.028; less-affected hand, p = 0.002). For the stereognosis, there was a 0.5 object and >1
object (1.7) improvement in the more-affected hand for the HABIT + T and HABIT groups,
respectively (Fig. 3C). There was a trend of improvement in the stereognosis in the more-
affected hand (p = 0.063). There was no significant Group x Test session interaction effect in
the stereognosis in the more-affected hand. Finally, there were no significant changes in the
stereognosis in the less-affected hand after training, (0.1 and 0.2 object more for the HABIT
+ T & HABIT groups, Fig. 3D). Nor did we find a significant Group x Test session
interaction effect.

3.2. Changes in TPD and SWM after training

There were no significant changes after training in either hand in the TPD and SWM in
either group (TPD all fingers, more-affected hand, p> 0.16; TPD all fingers, less-affected
hand, p> 0.57; SWM more-affected hand, p= 0.23; SWM less-affected hand, p= 0.74).
There were no Group x Test session interaction effects for either measure.

3.3. Changes in hand function after training

For the JTTHF, there was a 42s (19.7%) and a 148s (39.1%) decrease for the HABIT + T
and the HABIT group, respectively (Fig. 3E, test session, p < 0.001). There was no
significant Group x Test session interaction effect, indicating both groups did not improved
in a significantly different way (p = 0.053). For the AHA, there was a 6.7 and a 4.9 AHA-
unit improvement for the HABIT + T and the HABIT group, respectively (Fig. 3F, test
session, p = 0.002). There was no Group x Test session interaction effect for the AHA,
indicating both groups improved similarly (o = 0.56). These improvements were clinically
meaningful (defined as a 5 AHA units improvement) for the HABIT + T group, and
borderline clinically meaningful for the HABIT group.

3.4. Stability of measures in a control group without training

Since there were no differences between the two groups in the primary measures, we
considered whether there was a learning effect in the participants simply by being tested
twice across a 3-week period of time without training. We thereafter recruited an age-
matched control group of 10 participants with USCP (see Table 3). They were tested two
times with three-weeks in between on the primary and one secondary measure without any
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treatment. Paired t-tests confirmed stability of these measures across the two testing sessions
in the control group (Table 3, no significant differences for any measure).

3.5. Predictors of functional outcome

Due to the heterogeneity of the lesion and functions in USCP, we tested whether individual
differences, including initial severity in tactile & motor function and age, would impact
changes in function. Given no group differences were found in previous analyses, we used
all participants (n=19) to explore correlations between individual differences and changes
in function. We found that participants with worse unilateral dexterity (baseline JTTHF) had
a trend to improve more in stereognosis after training in the more-affected hand (R = 0.45, p
= 0.052). Baseline unilateral dexterity was not correlated with improvements in threshold of
discrimination in the more-affected hand (/R = 0.3, p= 0.22). Baseline tactile function was
not correlated with percentage improvements in the AHA (GOT & AHA % change, p=
0.88; stereognosis & AHA % change, p = 0.25). No relation was found between age and
improvements in threshold of discrimination (o = 0.65), or between age and improvements
in stereognosis (p = 0.95).

4. Discussion

This study aimed to investigate (1) changes in tactile function associated with intensive
bimanual training in USCP, (2) the effects of additional tactile training to HABIT in
enhancing tactile function. We hypothesized that tactile function would be improved after
HABIT, and be further improved with added tactile training. Our results demonstrated that
tactile function, specifically tactile spatial discrimination was modifiable immediately after
intensive bimanual training. These improvements were not an effect of repeated testing
across a 3-week period of time. Contrary to our hypothesis, both groups improved similarly.
Although the improvements in the stereognosis did not reach statistical significance across
the two groups (p = 0.063), it is worthwhile noticing that 31.6% (4 in the HABIT + T group,
2 in the HABIT group) of participants achieved the highest value (10 objects) at baseline in
the stereognosis in the more-affected hand. This ceiling effect in the stereognosis at baseline
may not leave sufficient room for change.

4.1. Enriched environment may improve tactile function in both groups

The comparable results in the improvements associated with either training group in the
GOT could primarily be explained by an enriched environment in both groups. Animal
studies (Alwis & Rajan, 2013) showed that enriched environment induced neural responses
to discriminative whisker behaviors. Studies in healthy adults demonstrated that perceptual
learning occurred after one to several sessions of tactile training (Harris, Harris, & Diamond,
2001) and was transferred to the contralateral and adjacent fingers (Kaas, van de Ven,
Reithler, & Goebel, 2013).

Two possible types of enriched environments have been applied to both groups in our study.
First, both groups received 82 h of standardized HABIT. The increased amount of tactile
stimulation during those 82 h of intensive bimanual manipulation may have created an
enriched environment and may explain comparable improvements in the GOT. Second, the
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novel training materials with different textures, shapes, and sizes used during the 8 h of
tactile and controlled training could also have enriched the environment. Thus 8 h of specific
tactile training may not be needed to enhance tactile function in children with USCP on top
of the intensive bimanual therapy they already received. Instead, either intensive tactile input
during standardized HABIT or an introduction of new materials during tactile/controlled
training might drive tactile improvement.

4.2. Insufficient dose of tactile training may cause similar findings

The similar findings in the two groups might also be explained by insufficient tactile training
dose in the HABIT + T group. Carey et al. (2011) showed that 10 h (60 mins/session, 3
sessions/week) of somatosensory discrimination training effectively improved tactile
discrimination capacity in adult stroke patients. It is possible that 8 h of tactile training was
insufficient to drive differential effects of perceptual learning between the two groups in
children with USCP, especially when cognitive capacity was required in perceptual learning.
It is important to note that children with USCP were learning new skills whereas adult stroke
patients were re-learning the function they lost. Hence a more intensive training might be
needed in children with USCP. Future studies should test an intensive dose of tactile training
in a randomized controlled trial (RCT) or a cross-over study.

4.3. Improvements in spatial tactile discrimination in the both hands after intensive
bimanual therapy

It is important to note that children with USCP had tactile impairments in both hands. In
fact, the threshold of tactile discrimination of the less-affected hand is higher (worse acuity)
than the dominant hand of typically developing (TD) children. The mean threshold of less-
affected hand in USCP was 3.2 mm at baseline, while mean threshold in typically
developing children varies from 1.37 (interquartile range = 1.12-1.83) at 6 years old to 1.10
(interquartile range = 0.71-1.28) at 16 years old (Bleyenheuft et al., 2006). Improvements
were observed in both hands after training in our study. To our knowledge, this is the first
study that reports tactile function can be improved in both hands after intensive bimanual
training in children with USCP. This finding suggests that, when taking both hands into
consideration, HABIT not only improves spatial-temporal control of the two hands (Hung et
al., 2011), but also strengthens the tactile function in both hands. This may be an important
consideration in choosing whether to do unimanual (CIMT) versus bimanual training.

4.4. HABIT and/or tactile training may improve tactile function involving reconstruction
mental images of the stimuli

Despite the changes observed in the tactile spatial discrimination and the stereognosis, we
did not find any significant changes in tactile pressure detection (SWM) and two-point
discrimination. It has been previously shown that these sensory modalities are less affected
than the others in children with CP (Arnould, Penta, & Thonnard, 2007; Cooper et al., 1995;
Krumlinde-Sundholm & Eliasson, 2002; Van Heest, House, & Putnam, 1993). This may be
related to the differential mechanisms associated with tactile spatial discrimination/
stereognosis and pressure discrimination/TPD. Specifically, skills associated with spatial
discrimination and stereognosis require a reconstruction of the mental image of the stimulus
in the CNS, whereas skills associated with tactile pressure detection and two-point
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discrimination mainly require tactile input detection using non-spatial cues in the receptor
population (Van Boven & Johnson, 1994). Thus neuroplastic changes after tactile training
are more likely to be associated with changes in the mental representations of the tactile
stimuli in the somatosensory cortex.

4.5. Correlation between baseline dexterity (JTTHF) and stereognosis

A moderate, albeit non-significant correlation between baseline JTTHF and stereognosis
was found, whereby children with worse dexterity improved more in stereognosis in the
more-affected hand after training. In two studies, researchers highlighted that stereognosis
was correlated with manual ability in children with USCP (Arnould, Bleyenheuft, &
Thonnard, 2014; Klingels et al., 2012). The association was possibly due to the requirement
of active manipulation for allowing successful object identification. Children with the worst
baseline dexterity are also more likely to change from a passive to an active exploration
mode after training, due to their improvements in motor function. This probably accounts for
improvement in stereognosis, whereas this association was not found between dexterity and
tactile spatial discrimination in the more-affected hand (no active manipulation).

5. Limitations

Our study has a small sample size, which may render insufficient power to determine
differences between groups, and the results may not be generalizable. However, our study is
the first study to examine the effect of HABIT with or without tactile training in modifying
tactile function in children with USCP, and no comparable studies using same measures
were conducted in the literature. Therefore it is difficult to estimate an appropriate sample
size a priori. We acknowledge that replication with a larger study is needed.

In this study, improvements in tactile function were measured following intensive bimanual
training. Enriched environments may play a major role in the changes observed in both
groups. Our study does not allow us to directly discriminate the effect of the amount of
manipulative tasks (i.e. standardized HABIT) versus the manipulation of specific materials
during the 8 h of specific tactile/control training as we collected our subjects from a sample
of convenience. Future randomized controlled trials or cross-over studies should test the
efficacy of these components in isolation and collect retention data several months after
training.

We used a JVP dome-width of 4.5 mm as the widest bar width for testing based on a
previous study (Bleyenheuft & Thonnard, 2011). We conservatively assigned 4.5 mm as the
cap threshold for those who did not reach 70% of the correct rate when tested with 4.5 mm.
In fact, 8 children in either group (16 out of 19 children, 84.2%) failed to reach 70% of the
correct rate at baseline. Three out of 8 children in the HABIT + T group and 4 out of 8
children in the HABIT group improved from 4.5 mm to a measurable threshold after
training. Conceivably, we could have underestimated improvements in these 7 children by
capping their baseline threshold at 4.5 mm. Future studies using the GOT as an outcome
measure may consider including a wider range of domes for allowing a more accurate
threshold measure.

Res Dev Disabil. Author manuscript; available in PMC 2016 May 18.
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6. Conclusions

Our study is the first to report that tactile function can be enhanced in both hands after
intensive bimanual training. Importantly, the improvements in outcome did not differ
between the HABIT + T and the HABIT groups, suggesting the environment is driving the
changes rather than specific tactile training. Our study suggests a window of opportunity for
modifying tactile function by providing an enriched environment. The take-home message
of our study is that tactile impairments can be improved when the tactile input is structured
in the environment.
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What this paper adds
e This is the first study in USCP to test the effect of systematic tactile training.

»  Tactile spatial discrimination was improved following intensive bimanual
training.

e HABIT with and without tactile training improved tactile function similarly.
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Fig. 1.
(A) An example of an object-matching task during tactile training in the HABIT + T group.

A child was first exposed to a sand-paper-top cylinder with the less-affected hand (on the
right side of the picture), and was required to search for the same object with the more-
affected hand (on the left side of the picture). The child’s vision was occluded by a screen
during the discrimination training. (B) An example of the materials used during tactile
training.
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Fig. 3.
(A) Mean = standard error of the mean (SEM) threshold of grating orientation task (GOT) of

the more-affected hand. Solid circle represents HABIT group. Open rectangle represents
HABIT + T group. (" p< 0.05 for the main effect of test session). (B) Mean + SEM
threshold of grating orientation task (GOT) of the less-affected hand. (C) Mean + SEM
numbers of identified objects of stereognosis of the more-affected hand. (D) Mean £ SEM
numbers of identified objects of stereognosis of the less-affected hand. (E) Mean + SEM

Res Dev Disabil. Author manuscript; available in PMC 2016 May 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Kuo et al.

Page 18

time to complete JTTHF of the more-affected hand. = (F) Mean + SEM AHA-unit measured
by the AHA.
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Characteristics HABIT +T (n=10) HABIT(n=9) Control group
Mean age (SD), years, months 8.9 (2.6) 8(1.1) 8.2(2.3)

Gender

Male 4 6 4

Female 6 3 6
Paretic hand

Right 6 5 4

Left 4 4 6
MACS

1 2 0 3

1 6 8 6

11 2 1 1
Baseline tactile discrimination threshold, mean (SD), mm 4.23 (0.58) 4.35 (0.42) 4.11 (0.70)
Baseline stereognosis, mean (SD), 77 6.5 (3.63) 5.22 (3.08) 4.4 (3.75)
Baseline TPD-thumb, mean (SD), mm 8.9 (5.36) 9.22 (5.41) NA
Baseline SWM, mean (SD) 6.3 (2.5) 5.78 (2.74) NA
Baseline JTTHF, mean (SD),s 368.06 (280.42) 389.52 (308.25)  364.69 (305.60)
Lesion type

CM 1 0 0

PV 4 4 2

CI/SC 2 4 7
Unavailable 3 1 1

Abbreviations: HABIT, hand—-arm bimanual intensive therapy; HABIT + T, HABIT with additional tactile training, SD, standard deviation; MACS,
manual ability classification system; TPD, two-point discrimination, SWM, Semmes-Weinstein monofilament; JTTHF, Jabsen—Taylor test of hand
function, CM, cortical malformation; PV, periventricular injury; C/SC, cortical/subcortical lesion.
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Table 3

Outcomes remain stable over time in the control group.

Outcome Test 1 Test 28 t-Test p valueP
Tactile discrimination threshold (mm) 4.11 (0.7) 3.95(0.73) 0.42
Stereognosis (1) 4.4 (3.75) 4.4 (3.57) 0.95
JTTHF (s) 364.69 (305.6) 352.56 (232.59) 0.31

Values for Test 1 and Test 2 represents mean (SD).
aTest 2 was performed 3 weeks after Test 1.

by . . .
Statistical results obtained from using paired £test.

Res Dev Disabil. Author manuscript; available in PMC 2016 May 18.

Page 21



	Abstract
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Procedures
	2.2.1. General intervention procedures
	2.2.2. Intervention details
	2.2.3. Tactile and control training

	2.3. Measurements
	2.4. Statistical design

	3. Results
	3.1. Changes in tactile spatial resolution & stereognosis after training
	3.2. Changes in TPD and SWM after training
	3.3. Changes in hand function after training
	3.4. Stability of measures in a control group without training
	3.5. Predictors of functional outcome

	4. Discussion
	4.1. Enriched environment may improve tactile function in both groups
	4.2. Insufficient dose of tactile training may cause similar findings
	4.3. Improvements in spatial tactile discrimination in the both hands after intensive bimanual therapy
	4.4. HABIT and/or tactile training may improve tactile function involving reconstruction mental images of the stimuli
	4.5. Correlation between baseline dexterity (JTTHF) and stereognosis

	5. Limitations
	6. Conclusions
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Table 1
	Table 2
	Table 3

