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Abstract 
Aims: The aim of the study is to investigate if the new method of auditory and 
visual biofeedback as Upper Limb Exercise may improve praxis skills alone 
without any traditional physical therapy treatment or not and within three 
successive months of treatment in children with hemiplegic cerebral palsy. 
Methods: A 6-year-old hemiplegic cerebral palsied child was treated with 
Upper-Limb Exerciser as one of augmented visual and auditory feedback de-
vices. Sensory Integration and Praxis test was used to measure a child’s ability 
to integrate sensory input for perception, motor planning, and spatial actions 
in; Space Visualization, Figure-Ground Perception, Standing and Walking 
Balance, Design Copying, Postural Praxis, Bilateral Motor Coordination, 
Constructional Praxis, Postrotary Nystagmus, Motor Accuracy, Sequencing 
Praxis, Oral Praxis, Manual Form Perception, Kinesthesia, Finger Identifica-
tion, Graphethesia, Localization of Tactile Stimuli, and Praxis on Verbal 
Command. Results: The results revealed improvement of the major standard 
score for each of the 17 subtests of Sensory Integration and Praxis Test when 
compared after three successive treatment. Conclusion: The using upper limb 
exerciser as one method of augmented visual and auditory feedback can be 
used as one of the physical and occupational therapy programs aiming to im-
prove praxis skills in hemiplegic cerebral palsied children. 
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1. Introduction 

This study was focused on the most common subtype of cerebral palsy (CP), 
spastic hemiplegia affecting more than 38% of cases of CP [1] [2], which occur 
as a result of unilateral lesions to the cerebral cortex or corticospinal pathways 
[3]. The most common long-term functional deficits in these cases include im-
paired control of muscle tone and spasticity in the upper and lower extremities 
contralateral to the brain lesion, dyspraxia and intellectual disability considered 
as associated problems of hemiplegic cerebral palsy (15% - 20% of cases) [2].  

The ability to conceptualize, plan, and execute a non-habitual motor act is 
called Praxis. Praxis Problems are often referred to as dyspraxia [4] [5]. Dy-
spraxia is a disorder influencing the management of movements commonly used 
for daily activities (washing, dressing, tying shoelaces, using cutlery or other 
tools, etc.) and to accomplish expressive gestures (those aimed at communica-
tion), be they linked to the use of an object, therefore transitive, or abstract and 
with a symbolic content, therefore intransitive [6] [7]. Dyspraxia in hemiplegic 
CP mainly assumes the character of constructional apraxia. Specific disorders in 
visuoconstructive activities, such as reproducing spatial configurations with 
square blocks, drawing from a model, or spontaneous drawing, have been dem-
onstrated in patients with right-side and left-side hemiplegia [8] [9]. Impairment 
of visual perception and eye-hand coordination are common in hemiplegic CP 
children [10]. They have difficulty performing accurate visually-guided move-
ment [11] [12] [13], which could be due to deficits in oculomotor [8] [14], ma-
nual motor control [11] [12] [13] or anticipatory postural responses [15].  

Deficits in the feedback process lead to the problem in monitoring and mod-
ifying motor activities. Several studies have indicated the effectiveness of aug-
mented feedback, which is provided to the subject by an external signal device, 
to improve functional activities [16] [17]. It has been reported that augmented 
feedback can be used to achieve the goal set by the trainer or therapist faster, to 
increase the subject’s level of motivation, it can be also used as reinforcement 
[17] [18] [19]. The augmented feedback was used with stroke [20] [21] [22], 
Parkinson [23], Traumatic Brain Injury [20], Spinal Cord Injury patients, and 
healthy individuals [16] [18] [24] [25] to improve motor learning. The mode of 
feedback in the previously mentioned studies varied between visual [16] [17] 
[18] [19], auditory [16] [18], or haptic [16] [19] feedback.  

The available studies on CP children were designed to investigate the effect of 
auditory or visual augmented feedback on tracing line drawing task [26], upper 
limb performance and hand function [27] or treatment of equines gait [28]. To 
our knowledge, the new method of augmented visual feedback training by using 
Upper Limb Exerciser to improve different types of praxis skills has not been 
investigated on hemiplegic CP patients. The main objective of this study is to 
investigate the effectiveness of visual and auditory augmented feedback by using 
Upper Limb Exerciser system alone without any traditional physical therapy 
treatment within three successive months of treatment in hemiplegic CP children 
with dyspraxia. 
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2. Case Presentation 

A child whose name is B. N., whise age is 6 years old and 5 months and has been 
diagnosed with right side spastic hemiplegic cerebral palsy was included in this 
study. A detailed history gathered from the B.N.’s mother revealed that B. N. was 
a product of cesarean section after a full-term pregnancy. Gestational diabetes 
mellitus was the history of his mother. Birth weight was 3 kg with no complica-
tion. B.N. was discharged with normal feeding. At the age of 6 months, B.N. was 
noticed to have right sided weakness of the arm and leg. The degree of spasticity 
was 1+ grade according to Modified Ashwarth Scale [29]. According to Manual 
Ability Classification System (MACS) [30], the level of B.N. to handle objects 
independently was level II. He was able to understand and follow verbal com-
mands and instructions included in both test and training, and he was free from 
any visual and/or auditory defects, significant tightness and/or fixed deformity 
of both upper limbs.  

The participated child was assessed by Sensory Integration and Praxis test [31] 
before and after three successive treatment program in Disabled Child Associa-
tion, Riyadh, KSA. The total time required for evaluating was average 120 mi-
nutes. The procedures followed were in accordance with the Institutional Ethical 
Committee Clearance, and written informed consent was taken from his parent. 
The treatment sessions started in February 2017 and ended in May 2017. B.N. 
received 60 minutes of the treatment session, three times per week for a period 
of three successive months [27]. No additional physical therapy exercises were 
included in the treatment sessions.  

Sensory Integration and Praxis Test (SIPT): The SIPT is suitable for child-
ren ages four to nine years who have learning or developmental delays, particu-
larly in praxis (motor planning) or tactile or visual discrimination. The Sensory 
Integration and Praxis is a standardized battery of 17 tests used to identify and 
measure sensory integration functions in children aged four to nine years [31]. 
According to Mulligan [32], the test measures specific areas of praxis and sen-
sory processing including somatosensory (tactile) processing, the processing of 
vestibular and kinesthetic sensory information, bilateral integration and se-
quencing, praxis or motor planning abilities, form and space perception, and 
visual-motor skills.  

The SIPT is one of the most commonly used assessments with a referenced 
norm. The SIPT has been standardized, and each of the 17 tests has strong evi-
dence of both interrater and test-retest reliability [33]. SIPT is designed to assess 
praxis, various aspects of sensory processing, and the integration of sensory in-
puts [31] [33]. According to Ayres [31] and Changa, & Yub [34], the SIPT 
measures the sensory integration processes that underlie learning a behavior, in 
addition, the tests assessing tactile and kinesthetic perception and standing bal-
ance with eyes closed.  

Seventeen subtests were used to measure a child’s ability to integrate sensory 
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input for perception, motor planning, and spatial actions in [31]; Space Visuali-
zation (SV); require visual space perception and mental manipulation of objects 
in space, Figure-Ground Perception (FG); the child able to separate a foreground 
figure from a rival background, Standing and Walking Balance (SWB); ability of 
the child to balance on one or both feet, both statically and dynamically with 
eyes open and eyes closed, Design Copying (DC); accuracy and approach in co-
pying designs, Postural Praxis (PPr); facility in assuming different and unusual 
body postures, Bilateral Motor Coordination (BMC); imitation of smoothly ex-
ecuted movements with both hands and both feet, Constructional Praxis (CP); 
skills in three-dimensional construction, Postrotary Nystagmus (PRN); records 
the duration of the oculomotor reflex following 10 rotations of the body in 20 
seconds, Motor Accuracy (MAc); the child able to draw a red line over a heavy, 
curved black line, Sequencing Praxis (SPr); competency in perceiving, remem-
bering, and executing a series of hand and finger movements, Oral Praxis (OPr); 
ability to imitate movements and positions of the tongue, blips, and jaws, Ma-
nual Form Perception (MFP); the child able to identify by pointing, the visual 
counterparts of various plastic geometric forms held and manipulated one at 
time in the hand, Kinesthesia (KIN); Somatic perception of arm position and 
movement, Finger Identification (FI); the child points to or touches the finger(s) 
previously touched by the examiner, Graphethesia (GRA); the child was asked to 
duplicate a design that was traced on the back of the child’s hand by the ex-
aminer, Localization of Tactile Stimuli (LTS); the child able to place his finger on 
the spot on the child’s hand or arm that previously was touched by the examiner, 
and Praxis on Verbal Command (PrVC); the child’s ability to translate verbal 
commands into practice acts. 

Figure 1(a), Figure 1(b) and Figure 2(a), Figure 2(b) showed examples of 
SIPT tests. The SIPT tests have generally fallen under the following four over-
lapping types: Motor-free visual perception; Somatosensory; Praxis; and Senso-
rimotor; Activities that involve bilateral coordination, balance, eye-hand coor-
dination and vestibular system performance are used for testing. 

E-linked Upper Limb Exerciser (E4000, Biometrics Ltd, Newport, Gwent, 
UK) [27]: is an interactive system providing motivation and feedback, increas-
ing patient compliance and tolerance of exercise programs, allowing longer ef-
fective therapy. It is a computerized graded exerciser utilizing activities for the-
rapeutic use. The activities may be controlled by a variety of devices, depending  
 

 
Figure 1. Child completed MAc test. 
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Figure 2. Child completed DC test. 
 
upon the patient’s physical and cognitive status. The exercises in the E-Link 
Upper Limb Exerciser System are in the form of simple and exciting games such 
as soccer, hitting walls, space shooting, driving, and throwing balls into a bucket. 

In the E-Link Upper Limb Exerciser, playing games need movement reactions 
in response to visual stimuli, that is, patients understand changes in the game 
situation through looking into the screen and for continuing and succeeding in 
the games, make appropriate movement responses through upper limb exerciser. 
For example, to prevent an accident with humans, cars, and animals, driving in 
the correct lane in the driving exercise, the child should give appropriate reac-
tions to the environmental barriers through moving the handle of the upper 
limb exerciser.  

The Upper Limb Exerciser uses a variety of handles (spade, spade grip, cy-
linder, key handle, and disc tools). The child presented visual aspects of the en-
vironment on a large flat screen through a projector; at the same time, auditory 
feedback was delivered through the system speakers. The participated child in 
this study was instructed about how to use the E-Link Upper Extremity Exercise 
Program before he started the program. Figure 3 and Figures 4(a)-(c) showed 
examples of different types of games and Tool Handles were used in this study. 
 

 
Figure 3. E-Link upper limb exerciser device. 
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Figure 4. The child used E-Link upper limb exerciser for treatment. 

3. Outcomes 

Results from the pretest and posttest SIPT are displayed in Figure 5 and Table 
1(a) and Table 1(b), SIPT pretreatment scores indicated difficulty with visuo-
praxis processing, in particular, DC (−1.1), MFP (−0.99) and CPr (−0.95). He 
also demonstrated difficulty in somatopraxis as measured by PPr (–2.11), GRA 
(−0.97), OPr (–0.85) and CPr. Moreover, B. N. had problems in somatosensory 
and tactile processing in KIN (0.99), FI (−0.9), LTS (−1.2) and MFP. The results 
of pre-treatment scores illustrated the problems in bilateral integration and se-
quencing, especially in BMC (−1.34) SPr (–1.84), SWB (−2.21), in addition, 
GRA, PPr, and OPr. 

As shown in Figure 5 and Table 1(a) and Table 1(b), B.N. showed highly 
improvements on six of six praxis tests (DC: pretest = −1.1, posttest = −0.24; 
PPr: pretest = −2.11, posttest = −0.9; OPr: pretest = −0.85, posttest = −0.2; SPr: 
pretest = −1.84, posttest= −0.6; CPr: pretest=−0.95, posttest = −0.1; PrVC: pret-
est = −0.98, posttest = −0.1). In addition, he improved on two of four SIPT form 
and space perception tasks (SV: pretest = 0.29, posttest = 0.62; FGP: pretest = 
−0.5, posttest = 0.2). On three of five SIPT bilateral integration and sequencing 
tests, B.N. showed improvements in BMC (pretest = −1.34, posttest = −0.36) and 
the previously described OPr and SPr. 

Less improvement scores on SIPT somatic and vestibular sensory processing 
tests (KIN: pretest = −0.99, posttest = −0.87; FI: pretest = −0.9, posttest = −0.68; 
GRA: pretest = − 0.97, posttest = −0.77; LTS: pretest = −1.2, posttest = −0.86; 
PRN: pretest = −0.15, posttest = 0.12; SWB: pretest = −2.21, posttest = −1.8) illu-
strated in figure and table comparing to the previous results. In addition, less 
improvements on two of four SIPT form and space perception tasks illustrated 
in figure and table comparing to the previous results (MFP: pretest = −0.99. 
posttest = −0.8; MAc: pretest = −0.24, posttest = −0.1). 

According to Ayres [31], no score has appeared if the test was not adminis-
tered, or if the test was partially administered in such a way that the major score 
could not be computed. The SD scores indicated compare to a metric usually asso-
ciated with the normal curve and are also known as z-scores. In a normal distri-
bution, SD scores have an average or mean value of 0 and a standard deviation  
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Figure 5. Major scores (SD) of 17 subtests of SIPT before and after three months of 
treatment. 
 
Table 1. Comparison between major scores of SIPT. 

(a) 

 SV FG MFP KIN FI GRA LTS PrVC DC 

Pre 0.29 −0.5 −0.99 −0.99 −0.9 −0.97 −1.2 −0.98 −1.1 

Post 0.62 0.2 −0.8 −0.87 −0.68 −0.77 −0.86 −0.1 −0.24 

Pre: before three months of treatment; Post: after three months of treatment; SV: Space Visualization; FG: 
Figure-Ground Perception; MFP: Manual Form Perception; KIN: Kinesthesia; FI: Finger Identification; 
GRA: Graphethesia; LTS: Localization of Tactile Stimuli; PrVC: Praxis on Verbal Command; DC: Design 
Copying  

(b) 

 CPr PPr Opr SPr BMC SWB MAc PRN 

Pre −0.95 −2.11 −0.85 −1.84 −1.34 −2.21 −0.24 −0.15 

Post −0.1 −0.9 −0.2 −0.6 −0.36 −1.8 −0.1 0.12 

Pre: before three months of treatment; Post: after three months of treatment; CPr: Constructional Praxis; 
PPr: Postural Praxis; OPr: Oral Praxis; SPr: Sequencing Praxis; BMC: Bilateral Motor Coordination; SWB: 
Standing and Walking Balance, MAc; Motor Accuracy; PRN: Postrotary Nystagmus. 

 
of 1. The SD score ranges for the SIPT can be interpreted as follows: 1) a score of 
−3.0 to −2.5 demonstrates severe dysfunction; 2) a score of −2.5 to −2.0 shows 
definite dysfunction; 3) a score of −2.0 to −1.0 shows mild dysfunction or mild 
difficulty; 4) a score of −1.0 to +1.0 shows functioning typically for the child’s 
age; 5) a score of +1.0 to +2.0 indicates above average functioning; and 6) a score 
of +2.0 to +3.0 indicates advanced functioning. Test scores above 3.00 SD are 
accounted for 3.00 and scores below −3.00 are accounted as −3.00. 

4. Discussion 

The present study was essentially intended to optimize that if the Upper Limb 
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Exerciser as the new trend of augmented visual and auditory feedback program 
has an effect on dyspraxia in spastic hemiplegic children alone without any tra-
ditional physical therapy program. Meanwhile, attempts to coordinate sensory 
input for motor planning, perception, and spatial actions of spastic hemiplegic 
children were done to investigate any concomitant improvement occurred in the 
sensory integration abilities. 

According to Mulligan [35] and Jaarsveld et al. [36], BMC, OPr, and SWB are 
three tests that, when scores are low, add to the conclusion of a Bilateral Integra-
tion deficit. The two tests also were used in the diagnosis of Soma to Dyspraxia 
are OPr and SWB. The same can be said for the diagnosis of Soma to Dyspraxia. 
A diagnosis of visual dyspraxia are made, as they are two of four of the major 
scores considered for diagnosing this dysfunction, tests are CPa, MA, SV, DC, 
FGP, and MFP. CPa and DC assessed Visuoconstruction skills. 

The outcomes showed before the treatment difficulty with visuopraxis and 
somatopraxis processing, in particular tests which agreement with Gordon et al. 
[37], they mention that the hemiplegic children have deficits in proprioceptive 
and visual-spatial information integration and sensorimotor integration. In ad-
dition, the difficulty of somatosensory, tactile processing and bilateral integra-
tion and sequencing of B.N. was supported by Sakzewski et al. [38]. They men-
tion that the sensory deficits of proprioception and tactile perception is also 
common leading to limitations on manual actions performed with the affected 
hand, specifically fine motor skills such as grasping and manipulation. Deficits 
in eye-hand coordination lead to exacerbation of the involved hand dysfunction 
limiting the child’s activities, participation, and quality of life [37]. 

It is generally assumed that any neurologically intact person performing a task 
that requires eye-hand coordination need a continuous visual, tactile, propri-
oception and kinesthetic feedback in order to monitor and modify the move-
ment when necessary. Feedback on performance is essential in skill acquisition. 
With injuries or diseases that affect the central nervous system the intrinsic 
feedback mechanisms are often impaired and so extrinsic (or augmented) feed-
back is of great importance for motor relearning. Therefore, eye-hand coordina-
tion impairments lead to difficulties in accepting different types of sensory in-
formation from the external environment and cause limitation in upperlimb 
functional performance [39]. 

The general improvement of praxis, form and space perception, and bilateral 
integration and sequencing processes after three successive treatment program 
by using E-link upperlimb exerciser as augmented visual and auditory biofeed-
back was shown in results of this study. This result may be attributed to the 
E-link upper limb exerciser could display augmented visual and auditory infor-
mation during the performance. This kind of “augmented information” may as-
sist in children’s searching strategies to find the “solution” to performing a task. 
That is, children may perceive the visual information provided by the displayed 
hand on the screen and use this information for their later actions to gradually 
search for efficient reaching patterns. Moreover, the upper limb exerciser used in 
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our study allowed the task difficulties of the games to be adjusted according to 
an individual child’s motor abilities and gradually offered to children with CP 
step-by-step guidance for achieving efficient reaching patterns. 

In addition, E-link Upper Limb Exerciser may improve eye-hand coordina-
tion by improving the following sequence: visual detection of the target; atten-
tion focusing; perceptual identification and location of the target; cognitive 
planning and programming of reaching movement; activation of arm muscles to 
initiate reaching. Such sequence involves the sensory and perceptual systems, 
arousal and motivational systems, central processing system and motor systems. 

The most important different between E-Link Upper Limb Exerciser system 
and other visual and auditory augmented feedback devices that it has variety of 
resistance with variety of handle to deliver different types of grip and pinch ex-
ercises such as lateral pinch, tip-to-tip pinch, pad-to-pad pinch, spherical grasp, 
and cylindrical grasp, as well as movements of all upper limb joints using a func-
tional approach rather than isolating individual joints which allow more motiva-
tion and attention during playing specifically when the resistance of handle 
grasp increased. E-Link is also a system with electronic instrumentation for both 
active and active resistive exercise of the upper extremities, isometric grip and 
pinch strength exercise. 

Augmented feedback is much used to improve motor learning in the rehabili-
tation of persons with neurologic disorders. There are indications that applica-
tion of augmented feedback in a task-oriented paradigm may help the recovery 
of sensorimotor functions and lead to adaptive plasticity in cortical and subcor-
tical brain tissue [40]. Theoretically, the use of feedback during the execution of 
the movement or the function helps the acquiring of a motor ability, in that the 
controlling process changes gradually from a closed-loop system to an open-loop 
system using explicit or implicit learning [41]. 

According to Carr & Shepherd [42], they stated that repetition is an important 
aspect of practice, and repetition of a task has been shown to improve perfor-
mance in people with or without disabilities. Repetition can be described as re-
peated attempts to solve a goal related problem by building on previous at-
tempts, that is, repetition without repetition. Repetitive practice enables the sys-
tem to coordinate the muscular synergies that move the segmental linkage in a 
desired manner to accomplish the task goal. The child in this study repeated 
practicing to perceive the appearance of the target in various locations of the 
screen and then move their arms to quickly reach the target. By repeatedly prac-
ticing these activities, B.N. improved his performance in eye-hand coordination; 
this improvement was reflected in the scores of praxis tests. 

The E-Link upper Limb Exerciser consists of a variety of activities which can 
exert similar cognitive demands on the child. These activities are timed, gradable 
in complexity, speed, duration, and feedback is available through assessment 
readings and scores so that child has an ongoing record of his performance 
which may enhance motivation. Motivation did seem to be a strong determining 
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factor and one-to-one attention was often needed to encourage the child to try to 
reach the targets. 

On the other hand, results showed less improvement of somatic and vestibular 
sensory processing that because of the E-link upper limb exerciser doesn’t have 
used a static or dynamic force plate system to control child’s postural sway or 
improve the static and dynamic stability of the childlike other augmented bio-
feedback devices. The E-link Upper Limb Exerciser system in this study can be 
used to improve sustained attention, decreased visual-spatial inattention and 
improved executive function. 

Limitations of this study which reduce one’s ability to generalize the results to 
a broader population include the small sample size. Although the limitations of a 
case report include lack of generalizability or ability to distinguish treatment ef-
fects from maturation effects, this case report represents one child in a larger 
randomized controlled trial that is currently ongoing. Other limitation can be 
found it in the current study is the follow-up the child. Over the next few years 
the authors plan to examine this training approach in a larger group of children 
using the Upper Limb Exerciser with or without traditional physical therapy 
treatment and foul-up the children. 

5. Conclusion 

On bases of the present data, it can be concluded that the Upper Limb Exerciser 
system can be used as a method of augmented visual and auditory biofeedback 
to improve praxis skills in hemiplegic cerebral palsied children, and it can be 
used by physical and occupational therapists to improve perception, motor 
planning, and spatial actions of hemiplegic cerebral palsied children. 
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