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Abstract

Objectives: The objective was to evaluate the effects of virtual reality versus conventional physiotherapy on upper
extremity function in children with obstetric brachial plexus injury. Methods: Forty children with Erb’s palsy were selected
for this randomized controlled study. They were assigned randomly to either group A (conventional physiotherapy program)
or group B (virtual reality program using Armeo® spring for 45 min three times/week for 12 successive weeks). Mallet
system scores for shoulder function and shoulder abduction, and external rotation range of motion (ROM) were obtained;
shoulder abductor, and external rotators isometric strength were evaluated pre-and post-treatment using Mallet scoring
system, standard universal goniometer, and handheld dynamometer. Results: The results of this study indicate that the
children in both groups showed improvement in shoulder functions post-treatment with greater improvements in group B.
The abduction muscle strength after treatment was 8.53 and 11.3 Nm for group A and group B, respectively. The external
rotation muscle strength after treatment was 5.88 and 7.45 Nm for group A and group B, respectively. Conclusions: The
virtual reality program is a significantly more effective than conventional physiotherapy program in improving the upper
extremity functions in children with obstetric brachial plexus injury.
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Introduction

Obstetric brachial plexus injury (OBPI) is a flaccid paralysis
of the arm at birth, resulting from a complicated delivery. It is
caused by injury to the nerves from the cervical roots C5 to
T1. The prevalence of OBPI has been reportedto be 1.6 to 5.1
per 1000 live births in population-based studies'-2.

Motor disorders and loss of functional movements
are common consequences of OBPI®, related to muscle
contractures, impairment movements, and motor weakness
following brachial plexus damage and compromising quality
of life. Many rehabilitation programs for the upper extremity
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in children with OBPI have been proposed, not only to
increase the active range of movement of involved limb but
also to improve the functional recovery*.

Yang et al.®, provide further support for neural plasticity
(the general ability of the brain to reorganize neural
pathways based on new experiences) in children with OBPI by
investigating limb preference - because the majority of the
population prefers to use the right upper limb, a shift to left
upper limb preference by the majority of the children would
be consistent with plastic adaptation of neural pathways to
perinatal deafferentation injury. Recent evidence suggests
that many children with neurological disabilities may improve
motor performance if provided with sufficient opportunities
to practice®’.

Obstetric brachial plexus injury has important
repercussion for the child as structural deficits that interfere
with the use of the upper extremity can result in limitations
to the performance of activities of daily living and restrict
participation of the child at school and community?.

Management of OBPI includes both conservative and
surgical interventions. Optimal rehabilitation of OBPP
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Figure 1. Flow diagram of the study.
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requires a multidisciplinary team of specialists including
a pediatrician, an expert physical therapist, a pediatric
surgeon, an orthopedic surgeon, an electro physiologist, an
occupational therapist and a psychosocial therapist. In all
cases of OBPI, initial management is conservative. The goals
of therapy include maintaining a passive range of motion,
supple joints and muscle strengthening; specific therapy
includes stretching potentially contracting muscle groups®.
Nevertheless, the available literature regarding the functional
rehabilitation of children with OBPI is remarkably scarce'®.
Virtual Reality (VR) may have something to offer in that
it allows individuals to interact and train with or within
interesting and relatively realistic three-dimensional
(3D) environments''. VR and its simulated environments
are already well accepted in the guise of entertainment
and computer games applications. However, what is not
as well recognized is that VR offers the opportunity for
intensive repetition of meaningful task-related activities
(such as reaching for a utensil in a kitchen environment)
necessary for effective rehabilitation'?'¢, in a manner that
can be more interesting and conducive to self-direction
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than conventional therapy'.

Virtual reality as an intervention for motor rehabilitation is
a promising tool'8, in order to improve upper limb function in
children with neurological impairment. VR systems offer the
capability to achieve rehabilitative goals through the use of
real-time feedback and adaptive strategy withvaryingdegrees
of difficulty. Using attractive, game-like environments, VR is
a motivating and entertaining way to engage children in the
therapy'®, while providing an opportunity for practice and
repetition of movements2°. However, no studies to date have
focused on the effects of VR on the upper extremity function
in children with OBPI. Therefore, the aim of this study was to
evaluate the clinical effectiveness of VR versus conventional
therapy on the upper extremity functional movements in
children with OBPI.

Materials and methods
This randomized controlled study was approved by

the ethical committee of the Faculty of Applied Medical
Sciences, Umm Al-Qura University, Makkah, Saudi
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Arabia. Parents signed a consent form for their children’s
participation in this study.

Participants

Forty children with OBPI, with ages ranged from five to
eight years from both sexes, participated in this study. To
avoid a type Il error, a preliminary power analysis (power=
0.8, a=0.05, effect size=0.5) determined a sample size of
40 for this study. They were recruited from the Maternity and
Children Hospital, Makkah, Saudi Arabia. The participated
children should have a confirmed diagnosis of OBPI in the form
of Erb’s type (C5, C6) injuries obtained from medical records.
The degree of nerve severance was within the second and third
degrees of injury, according to Sunderland classification of
nerve injuries?'. Children were cognitively competent and able
to understand and follow instructions. They were medically
free with no serious medical complications. There were no
fixed contractures or stiffness in the shoulder, elbow, wrist and
finger joints and no major rotational mal-alignments in their
upper limbs. Children were excluded from the study if they had
visual problems that would prevent them from performing the
intervention, uncontrolled seizures, shoulder subluxation or
dislocation, and fixed contractures or stiffness in the affected
upper extremity that would limit activity engagement.

Randomization

Forty eight children were approached for participation in
the study. Five children failed to meet the inclusion criteria,
and the parents of three children refused to participate in this
study. The recruitment process and the flow of participants
throughout the study are illustrated in Figure 1. Children
were assigned randomly into two groups of equal nhumbers
by using the sealed envelopes. The therapist prepared
the sealed envelopes, which contained a piece of paper
indicating whether each child was in group A (conventional
physiotherapy program) or group B (virtual reality program).
Assignment performed before the initial assessment by
blinded person who asked to pick up one sealed envelope that
contained numbers of participating children.

Outcomes
Mallet scoring system

All children were evaluated pre-treatment and after
12 successive weeks of treatment by evaluating video
recordings of standardized movements of the Mallet System
to index active shoulder movements. It is a reliable method
for evaluating children with OBPI based on the ability to
perform functional positioning of the affected limb?2. This
scale assesses the function of the shoulder, and it is based on
five criteria: The ability to actively abduct the arm, the ability
to externally rotate the arm, the ability to place the hand
behind the neck as well as behind the back or spine, and the
ability to place the hand over the mouth. A total Mallet score
is calculated from the scores gained in the performance of the
former tasks with a grading scale of | to V giving a maximum
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score of 2523, Mallet scoring system was considered the
primary outcome of this study.

Shoulder ROM

Shoulder abduction active range of motion (ROM)
was measured using the standard universal goniometer.
Measurement procedures performed while the child in sitting
position, with fixing the trunk to prevent the compensatory
movements. The arm was actively elevated in the strict
coronal plane with the thumb pointed up toward the ceiling
to allow the required external rotation necessary to avoid
impingement of the greater tuberosity on the acromion
process. Once the active end range was achieved the
measurements were documented?*.

External rotation active ROM was measured in the supine
position with the hips and knees flexed to approximately
45°, The tested arm was supported on the table in 90° of
abduction, elbow flexed to 90° and the wrist in neutral
position. A towel roll was placed under the humerus to
ensure neutral horizontal positioning; which required the
humerus to be in level to the acromion process based on
visual inspection. Once positioned, the child was asked to
rotate his arm back into external rotation to his end available
range without discomfort. The child was instructed not to lift
his lower back during this measurement. Once active end-
range was achieved the measurement was recorded?®s.

Shoulder muscle strength

Shoulder abductors and external rotators strength were
measured using a handheld dynamometer (HHD), which
allows for a relatively quick measurement of isometric
strength in various positions. Shoulder abduction strength
was measured from supine position with the shoulder in O°
flexion, O° abduction, and neutral rotation while the elbow
in extension and the hand facing down. HHD located above
the lateral epicondyles of the elbow and the child asked to
push the arm laterally. Shoulder external rotation strength
was measured from supine position with the shoulder in O°
flexion, O° abduction, and neutral rotation while the elbow in
flexion 90° and the hand facing medially. HHD located above
the wrist and the child asked to push the arm laterally then
measurement was recorded?5-?7,

Interventions
Conventional physical therapy program

Group Areceived the conventional physiotherapy program,
which aimed to improve arm function and shoulder abduction
and external rotation. It includes a range of functional, daily
living and play activities similar to those they usually practice
in any given day of their life to maintain the child’s interest
and attention?®,

The conventional program consisted of: (1) weight-bearing
exercises for 10 min: shifting body weight on a fully extended
and externally rotated upper extremity from sitting, weight
bearing on an extended arm from quadruped position and
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push up from prone; (2) joint approximation technique:
manually applied compression force to wrist, elbow, and
shoulder of the affected side in rapid, jerky and dysrythmic
manner from a comfortable sitting position; (3) proprioceptive
neuromuscular facilitation: reinforcement of weak muscles
through overflow of neural excitation from strong muscles
acting in the same pattern. Flexion, adduction, external
rotation pattern and flexion, abduction, and external rotation
patternwere used;(4) scapulothoracic mobilization; from side
lying with the affected side in the uppermost, cephalocaudal,
and mediolateral gliding of the scapula was performed; (5)
strengthening exercises with graduated manual resistance
for shoulder abductors and external rotators; (6) facilitation
of arm-hand exercises include; throw ball toward target
from standing position either above or below the head level,
bouncing ball from standing position and catch ball from
standing position, either catching ball thrown from different
directions or catching bounced ball; (7) stretching of tight
muscles: internal rotators of the shoulder (subscapularis),
pronators of the forearm, and flexors of the wrist and fingers
were stretched for 20 seconds then released for 20 seconds
with 5 repetitions each session. Each exercise other than
weight-bearing and stretching exercises was conducted for
approximately 5 min with a total treatment time of 45 min
three times/week for 12 successive weeks

Virtual reality program

Group B received practice in a virtual environment by
using Armeo® spring Pediatric (Hocoma, AG, Switzerland).
The Armeo® spring is a novel tool that combines robotic
assistance and virtual reality to provide a new, unique way to
engagechildreninthe requiredrepetitive motions requiredfor
motor learning. This exoskeleton device provides an engaging
environment to achieve the required repetitive practice the
upper extremity needs for improved function. There is great
adjustability to the Armeo® spring, allowing the therapist
to customize the device to the needs of the individual child.
Armeo® equipment is based on the product “T-WREX". This
product is a passive upper limb orthosis, which lightens the
weight of the upper limb in 3D space using an ergonomic
and adjustable backrest upper limb (antigravity effect) and
allows natural movement in the workspace (Figure 2). This
makes it easier for users with moderate to severe disabilities
to achieve greater range of motion?°,

Armeo® system has five different degrees of freedom;
shoulder flexion/extension, shoulder abduction/adduction,
elbow flexion and extension, forearm pronation/supination
and grip strength. The therapist can choose to lock out
different motions or work on all motions at the same time
depending on the needs of the individual child. In addition,
adjustments can be made to the amount of gravity assistance
the exoskeleton provides depending on the strength of the
upper extremity. Several virtual reality games for each
desired range of motion are available for the child to choose*°.

The therapist adjusts the electric lifting column according
the child height during sitting and the length of the orthosis
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Figure 2. Armeo® Spring System.

for upper arm and forearm to avoid compensatory movement
and to set the three dimension workspace with adjusting the
amount of weight support, after introducing the child data
to the device the therapist select the children appropriate
program according to difficulty level, the computer used
sense the joint angle to give visual movement feedback and
track the therapy process. Children practiced the VR program
for 45 min three times/week for 12 successive weeks. This
provided the high level of repetition required to promote
change in the upper extremity?'32,

Statistical analysis

Data analysis was performed using SPSS software
(version 16.0, Chicago, IL). Descriptive statistics including
mean and standard deviation were calculated for all variables
at baseline and after 12-weeks of interventions. Data of
shoulder functions measured by the Mallet scoring system
were statistically analyzed by nonparametric statistical
procedures, including Wilcoxon and Mann-Whitney tests.
While the data of shoulder ROM and strength was statistically
analyzed using an unpaired t-test. The level of significance
for all statistical tests was set at P<0.05.

Results

Forty children with Erb’s palsy (27 males and 13 females)
were included in this study. The children were randomly
assigned to one of two equal-sized groups (A & B) (n=20
each). The demographic and clinical characteristics of the
children were similar in both groups (Table1).

Before treatment, there were no significant differences in
the mean values of Mallet scores for the shoulder function
in both groups (Table 2). In contrast, there was a significant
difference between the mean values of Mallet scores at
baseline and after treatment. These findings showed that
children in the group B showed distinct improvement in

322



S. EI-Shamy, R. Alsharif: Effect of virtual reality versus conventional physiotherapy on children with Erb’s Palsy

Table 1. Demographic and clinical characteristics of the participating children at baseline.

Group A (n= 20)

Group B (n= 20)

T-Value P-Value
Mean = SD Mean + SD
Age (Years) 6.6+1.05 6.35+0.93 0.79 0.43*
Weight (Kg) 22.2+1.51 21.65+1.76 1.06 0.29*
Height (Cm) 119.41+£5.41 116.95+5.62 1.18 0.25*
Male 14 13 67.5%
Sex
Female 6 7 32.5%
Right 13 12 62.5%
Affected Side . °
Left 7 8 37.5%
Level of significance at P<0.05;* Nonsignificant; SD: standard deviation.

Table 2. Mallet system scores pre and post treatment mean values for group A and B.

External rotation

Hand to neck

Hand to spine

Hand to mouth

Pre Post Pre Post Pre Post Pre Post Pre Post
Group A | 3.2+0.77 |4.00+0.46 | 2.65+0.49 | 3.25+0.44 | 2.65+0.49 | 3.25+0.44 | 2.35+0.49 | 3.15+0.59 | 2.40+0.50 | 3.00+0.46
Group B | 3.00+0.56 | 4.35+0.49 | 2.35+0.59 | 4.00+0.65 | 2.45+0.51 | 3.85+0.49 | 2.40+0.50 | 3.90+0.55 | 2.65+0.49 | 4.00+0.73
P-value 0.31* 0.29* 0.98* <0.001** 0.21* <0.001** 0.75* <0.001** 0.12* <0.001**
Effect size Cohen’s d=0.74 Cohen’sd= 1.35 Cohen’s d= 1.29 Cohen’s d= 1.31 Cohen’s d= 1.64
Level of significance at P<0.05;* Nonsignificant; ** Significant.

Table 3. Pre and post treatment mean values of abduction and external rotation range of motion (degrees) for group A and B.

| Abduction ROM | External rotation ROM

Item

Pre-treatment Post-treatment Pre-treatment Post-treatment
Group A 70.1£4.24 88.1+4.11 34.75+2.61 48+3.71
Group B 71.25+2.88 110.8+£6. 00 35.55+2.11 62.4+4.84
P-Value 0.32* <0.001** 0.29* <0.001**
Effect size Cohen’s d=4.41 Cohen's d=3.34
Level of significance at P<0.05; * Nonsignificant; ** Significant.

Table 4. Pre and post treatment mean values of abduction and external rotation isometric strength (Nm) for group A and B.

| Abduction muscle strength | External rotation muscle strength

Item Pre-treatment Post-treatment Pre-treatment Post-treatment
Group A 6.49+0.51 8.53+0.68 4.23+0.57 5.88+0.48
Group B 6.68+0.89 11.3£1.08 4.4+0.64 7.45+0.81
P-Value 0.41* <0.001** 0.37* <0.001**
Effect size Cohen’s d= 3.06 Cohen’s d=2.35
Level of significance at P<0.05; * Nonsignificant; ** Significant.
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shoulder function when compared with the children in the
group A (Table 2).

At baseline, no significant differences were noted in the
mean values of shoulder abduction and external rotation ROM
(degrees) between group A and B (Table 3). After treatment,
a significant difference was observed when comparing the
post-treatment results of the two groups in favor of group B
(Table 3).

No significant difference was noted in the mean values of
shoulder muscle strength (Nm) at baseline between group A
and B (Table 4). There was a significant difference between
the mean values of shoulder muscle strength (Nm) obtained
during the baseline and after treatment in both groups. These
results indicated that the children in both groups showed
distinct improvement in shoulder muscle strength post-
treatment in favor of the group B (Table 4).

Discussion

This study compared the effects of virtual reality and
conventional therapy on upper extremity function in children
with OBPI. The findings of the present study demonstrated
that children of group B (virtual reality program), showed
greater improvement in the Mallet scores, ROM, and strength
of the affected upper extremity than children in group A
(conventional physiotherapy program).

Based on the above, results from studies comparing VR
with conventional therapy, given the same type and intensity
of exercises, are inconclusive®-5, According to some authors,
benefits from VR are at least as effective as those from
conventional therapy regimens. Other authors affirm that
VR systems deliver better results than conventional therapy.
For example, Lum et al.>¢, compared a control group treated
with conventional therapy to a group treated with VR. They
concluded that the latter presented better clinical results and
biomechanical measurements. Other authors believe that
VR training combined with conventional therapy is probably
better than either regimen by itself, for both kinematic and
function®”. The preference for VR systems over conventional
therapies is probably based on the uniformity, velocity, and
intensity of the VR exercises3.

In group B, the association with different virtual realities
provides the tasks with functional significance and increased
visual feedback. The Armeo® system allows the therapist to
adjust the level of difficulty to match the child’s condition,
which is also a relevant concern in motor learning strategies.
On the other hand, it is interesting to note that the most
frequently repeated tasks with the Armeo® system are
reaching/grasping tasks3¢. These movements are commonly
used in activities of daily life, and interjoint arm coordination
needed to complete this task is often impaired in children
with OBPI.

Intense motor activity can re-establish and reinforce
neuronal pathways and enhance neuronal plasticity in
children with congenital or acquired motor deficits, caused
disorders of the central or peripheral nervous system.
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Besides intensive motor training, another requirement for
successful rehabilitation is a goal-oriented and task-specific
training program?°. Motor function in children with motor
dysfunction can be improved using targeted functional
training. Variations in repeated movements and enriched
environments play an important role in affecting child
motivation and thus the intensity and efficacy of training#°4'.

Use of virtual environment in this study allowed
manipulation of all exercise characteristics such as duration,
intensity, and type of feedback based on treatment aims and
individual ability. Therefore, children can perform activities
and tasks repeatedly and with increased motivation, and
in addition, therapists can also monitor the results of their
movements, and if inappropriate, correct them“2.

Practice in virtual environment produces active
participation instead of passive practice during the
training*?, which is recommended for motor learning and
cortical reorganization. Passive exercises have been shown
not to enable maximum improvement in the affected upper
extremity in children with OBPI. It is also necessary to
provide and strengthen new motor skills, provide functional
and duty- focused practices and increase motivation for
learning and recovery after a lesion. Although motor learning
is quite different in children with OBPI compared to patients
with stroke and spinal cord injury, focusing on the activity and
task is one of the most important aspects of the treatment in
children4344,

The major goal of rehabilitation of children with OBPI in this
study is to restore the basic functional abilities of their arms.
Recovery after neural damage usually depends on various
factors such as the nature and amount of the rehabilitation.
Conventional rehabilitation programs are shorter and less
intensive to ensure optimal therapeutic results. They cannot
adequately increase the motivation of the child or support
activity participation®.

Immediate augmented feedback in virtual environment
makes the learning easier through eliminating time lags
between children and therapist*®. During this study
intervention, Sensorimotor, visual, and auditory feedbacks
were presented concurrently with the performance of
exercises, or after the end of practice period.

The findings of this study are consistent with previous
studies*?7, that used a virtual reality intervention to improve
upper-extremity control in children with cerebral palsy (CP).
These studies showed positive effects of practice in a virtual
environment on upper limb functions of children with CP.

The results of this study agree with previous studies*®4°,
used robot assisted upper extremity therapy in adult stroke
patients and in children with CP. They have proven that,
the robot assisted upper extremity therapy was effective
due to the patient’s active involvement is a factor with its
effectiveness. However, this demands focused attention
during training sessions, which can be a challenge for children.

Another important aspect of the VR training was, the
virtual environments can provide an opportunity to practice
and learn without the fear of losing or injury, which can
result in a sense of personal control or self-efficacy. Sense of
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control and efficacy in activities may enhance motivation in
children®°. There was no evidence that the level of compliance
with study protocol affected study outcomes.

There are some limitations of this study, one of them is the
literature does not provide conclusive data about whether
VR intervention in children with OBPI is superior to other
rehabilitation therapies. This is the first study to use a VR
intervention in OBPI. This lack of data limited the ability of
the researcher to compare among different virtual reality
protocols and used only studies done on children with CP
and stroke. The lack of follow-up for several months post-
treatment to evaluate the long-lasting effects of virtual reality
interventions might be considered another limitation of this
study. Therefore, future studies with a long-term follow-up
are warranted.

Therefore, we can conclude that the virtual reality
program is a significantly more effective than conventional
physiotherapy program in improving the upper extremity
functions in children with OBPI.
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