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Abstract

Background: Conventional physical therapy has been used in children with cerebral palsy aiming for
improving motor abilities and functional independence. Resistance training is now commonly used in
clinical practice in children and adolescents with spastic cerebral palsy.

Purpose: To investigate and compare the effects of functional strength training versus conventional
physical therapy in children with cerebral palsy.

Methods: Fifty-three children with spastic diplegia age ranged from 7 to 11 years were included. They
were randomly assigned to either group I (conventional physical therapy) or group II (functional strength
training). The training was conducted for 90 minutes three-times a week for 6 successive months. Selective
voluntary motor control, gross motor function and functional balance were assessed before and immediately
after the intervention using selective control assessment of lower extremity, gross motor function measure

and pediatric balance scale.

Results: The pre-treatment comparison showed non-significant difference between the two groups in
all measured variables. Within group comparison showed significant improvement in the mean values
of selective motor control, gross motor function and functional balance in the two groups. While post-
treatment comparison revealed significant greater improvements in the group II compared with the group

I (P<0.05).

Conclusion: These outcomes indicated that functional strength training is likely more effective than
conventional physical therapy in improving selective voluntary motor control, gross motor function and

functional balance.

Keywords: Cerebral palsy, Functional balance, IFunctional strengthening exercises, Selective voluntary

motor control, Spastic diplegia

Introduction

Cerebral palsy (CP) is a complex and heterogeneous condition
resulting from lesions in the immature brain referred as unpro-
gressive chronic encephalopathy characterized primarily by
disorder of movement and posture [1-3]. Although the brain
damage is irreversible and unprogressive, the clinical manifesta-
tions progress, lead to structural and morphological changes
of the musculoskeletal system such as muscle contractures and

bone deformation. Spastic diplegia is a highly prevalent type
of CP that prohibits the motor control of lower limbs and may
also affect the axial parts and upper extremities depending on
the severity of the condition [4]. Brain scans findings commonly
reveal injury to periventricular white matter (PWM). Damage
to the corticospinal tracts (CSTs) within the PWM has been as-
sociated with motor disability and impaired selective voluntary
motor control problems (SVMC) [5]. The term SVMC has been
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defined as the capacity to isolate the activation of musclesin a
desired pattern by voluntary movement or posture. Although
spasticity and contractures are considered the main causes
for impairments, deficits in SVMC are the main contributor
to motor impairments [6-8].

Delayed or abnormal development of the postural-balance
mechanisms and delayed gross motor development are
common features in all types of CP with inability to develop
more mature neurological postural mechanisms [9]. Balance
impairment in spastic diplegia may be due to difficulty in
activating and timing muscle contraction and muscle weak-
ness secondary to inactivity [10].

Progressive resistance training has been shown to improve
muscle strength and the effort associated with resistance
training does not exacerbate spasticity in subjects with CP
[11]. It has been recognized to provoke strength gains through
progressive increase of the loads depending on the subject’s
abilities and determined by the repetition maximum (RM). One
RM is the maximum load the subject can perform an exercise
for one complete repetition correctly [12].

Previous studies investigated the effects of resistance train-
ing in children with CP and reported positive influences on
gait, gross motor function, muscle strength, spasticity and
equilibrium [1,13-15]. However, no studies to date have focused
on the effects of either progressive functional strength training
training or conventional physiotherapy on SVMC. Here, we
compared the effects of functional strength training versus
conventional physical therapy on SVMC, gross motor func-
tion and functional balance in children with spastic diplegia.

Materials and methods

Study design

A randomized-controlled trial was conducted between 2015
and 2018 in accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki). Participants’
parents/ legal guardians provided written informed consent
before the study was conducted.

Participants

A convenient sample of children with CP was recruited from
the Outpatient Clinic, Faculty of Physical Therapy Cairo Uni-
versity. They have been screened by the principal investigator
and included if they were 1) diagnosed as CP spastic diplegia,
2) aged from 7 to 11 years, 3) grade 1 and 1+ spasticity ac-
cording to the Modified Ashworth scale [16], 4) at level | and
Il of motor function according to the gross motor function
classification system-extended and revised (GMFCS-ER) [17],
5) able to understand, follow instructions and participate in
a group training program. Participants have been excluded
if they, 1) had significant mental or behavioral disorders, 2)
significant visual or auditory problems according to medical
reports (audio-vestibular and ophthalmic examination), 3)
structural or fixed soft tissue deformities of the lower extremi-
ties, 4) undergone musculoskeletal surgery or botulinum toxin

injection in the lower limbs in past six months.

Sample size estimation

Sample size calculation was performed prior to the study using
G*POWER statistical software (version 3.1.9.2; Franz Faul, Uni-
versitat Kiel, Germany) [F tests- MANOVA: Repeated measures,
within-between interaction, a=0.05, f=0.2, Pillai V=0.13, and
large effect size] and revealed that the appropriate sample size
for this study was N=25 children in each group. We recruited
up to 60 children to account for the possible withdrawal rates.

Randomization

Following the baseline measurements, a randomization
process was performed for 60 children using sealed opaque
envelopes. The investigator prepared 60 closed envelopes, with
each envelope containing a card labeled as either control or
study. Each child/legal guardian was asked to draw a closed
envelope that determined whether he/she was allocated to
group | (N=27, 14 boys and 13 girls) or group Il (N=26, 14 boys
and 12 girls). After dropout, only 53 children completed the
study. See participants flow chart Figure 1.

Children in the group | received a conventional physical
therapy program whereas those in the group Il received a
functional strength training. The treatment procedures were
for conducted 90 minutes three-times a week for 6 successive
months for the two groups.

Procedures

Weight and height were recorded using a calibrated floor
scale (ZT-120 model), Hangzhou Tianheng Technology Co.
Ltd (Hangzhou, China). Each child was evaluated for SVMC,
gross motor function and functional balance before and at
the end of the six months of treatment by the same examiner
who was blinded in terms of the group to which each child
was assigned.

Primary outcome measure

Selective voluntary motor control:

The selective control assessment of lower extremity (SCALE)
is a valid and reliable tool frequently used for assessment
of SVMC in children with spastic CP. It is currently used to
evaluate the isolated movements of the lower limb joints
bilaterally and doesn’t require specialized equipment. It can
be completed within 15 minutes with a maximum score of 20
points, 10 points for each limb. The participants were asked
to execute specific movement patterns using a three-second
verbal count including, (1) hip flexion and extension with
the knee extended, (2) knee extension and flexion, (3) ankle
dorsiflexion and plantarflexion with the knee extended, (4)
subtalar inversion and eversion, and (5) toe flexion and exten-
sion. The assessment procedures were carried out from the
sitting position for all joints except for the hip joint which
was performed side-lying with the limb supported by the
examiner [7,18].
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Assessed for eligibility criteria (n= 67)
Excluded (n=3)
Didn’t meet inclusion eriteria (n=2)
Refused to be included (n=2)
Randomization (n=60)
Allocation
J
Group I(n=30) Group I (n=30)
Received conventional physical therapy (n=27) Received functional strength training (n=26)
Drop out (n=3) Drop out (n=4)
‘ Analysis |
Analysed (n=27) ‘ l Analysed (n=26)
Excluded from analysis (n=3) Excluded from analysis (n=4)
KFigure 1. Participants’ flow chart. J

The examiner demonstrated the desired movement by pas-
sively moving the limb. Next, the child was instructed to ac-
complish the task at the same speed without movement of
the other joints of the tested limb or the contralateral limb
(mirror action). Then, the passive range of motion of each joint
was noted and compared with the observed active range and
scored as “normal” (2 points), “impaired” (1 points), and “un-
able” (0 points). When the child couldn’t initiate the desired
movement or performed a synergistic mass flexor or extensor
pattern a grade of “unable” was given. A grade of “impaired”
was assigned if he/she performed isolated joint movement
but with errors including; only one directional movement,
less than 50% of movement accomplished, movement of
non-examined joints (including mirror movements), or more
than three-second verbal count. The grade of “normal” was
given when the desired movement was performed within the
three-second verbal count without movement of untested
joints [5,8,18].

Secondary outcome measure

Gross motor function

The gross motor function measure-88 (GMFM-88) was used to
evaluate the motor function. It is a valid and reliable criterion-
referenced instrument that was created to assess the change
in gross motor function over time in individuals with CP [17]. It
consists of 5 sections including; A) lying and rolling, B) sitting,
Q) crawling and kneeling, D) standing; E) walking, running,
jumping. Dimensions‘D"and ‘E' were selected as goal areas in
the current study. Each item was scored on a four-point scale
as 0, 1, 2, 3 by observing his/her performance with higher

scores representing a better performance. The scoring key
was; 0=does not initiate, 1=initiates the task (<10%), 2=partial
completion of the task (10% to <100%), 3=task completed
(100%). If an item was not tested it was marked as not tested [3].

Functional balance

The pediatric balance scale (PBS) is a valid and reliable modi-
fied form of the Berg Balance Scale that is used to evaluate
functional balance in children with CP with mild to severe
motor impairment [18]. It assesses the child’s performance
of the functional activities in 3 dimensions, including sitting,
standing, and postural change. The assessment takes about 15
minutes without any specialized equipment. The assessment
was conducted in accordance with the PBS manual detailed
instructions. Each item was graded from 0 to 4 points giving
a maximum total score 56 points, with a higher score repre-
senting a better performance [7].

Intervention

The treatment was conducted by qualified, experienced
physical therapists. All children in the two groups received
3 sessions per week for six successive months. Each session
lasted for 90 minutes. Remaining 3 days of the week, all chil-
dren were instructed to perform a home routine program
leaving a day off for rest.

Group I: The 27 children (14 boys and 13 girls) in this group
received conventional physical therapy program based on
neurodevelopmental approach. The physical therapy program
focused on reinforcement of normal motor development,
facilitation of postural stability and balance, stimulation

3
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of righting and equilibrium reactions to improve postural
mechanism, closed and open environment gait training, and
maintenance of soft tissue and joint mobility training [19].

Group II: The 26 children (14 boys and 12 girls) in this group
received a functional strength training which replaced their
conventional physical therapy program. The training sessions
were held in circuit training of small groups including 4 to 6
children supervised by two qualified, experienced physical
therapists per group. These exercises included sit-to-stand
exercise, lateral/forward step up exercise (i.e. climbing a stair
or stepping up onto a kerb), and half-knee rise exercise (i.e.
rising from the ground) loaded with a weighted vest [1,12].
All exercises were performed in 1-3 sets of 10-15 repetitions,
with a 90 second rest in between the sets. Each exercise was
performed within 7-10 minutes. The training load for the
exercises was established according to the individual eight-
repetition maximum (8 RM) test. The 8 RM is approximately
equal to 80% 1 RM. Free weights were used to provide re-
sistance using adjustable weight cuffs with Velcro straps
and weight vest. During the training, intensity progressively
increased, based on repeated estimation of the 8 RM. Each
session included stretching exercises, closed and open en-
vironment gait training in addition to functional strength
training that consisted of sit-to-stand, lateral/forward step
up and half-knee rise exercises.

- Sit-to-stand bilateral exercises were performed from sitting
on a chair (no armrests, no backrest) with the hips at 90° and
knees at 105° flexion (thigh parallel to the floor). One standup /
sit-down was considered as one repetition. For those who could
not perform the exercise, they were allowed to decrease knee
flexion to 100° - 120° (hips slightly higher than knees by raising
the seat of the chair. He/she was instructed to move the trunk
forward by flexion of the hips until the shoulders are above
the knee joints and stand up for one second then to sit down.

-Lateral/forward step up unilateral exercises was achieved
from standing at about 10cm besides or in front of the step
(40 - 20-centimeter height) with erect trunk and hips at neutral
position. The target limb was flexed in hip and knee, foot placed
on step while the other limb was fully extended at hip and knee
(as far as possible, full extension is defined as 0°). The child
was asked to maintain the foot as flat on the floor as possible.
The lower extremities were trained alternatively. One step up/
one step down was considered as one repetition. He/she was
instructed to place the right foot up on the step, next to the
left foot and extend the knees as much as possible and keep
standing with both feet on the step for 1second. Then to place
the right foot down on the floor, leave left foot up on the step.

-Half knee rise was performed with the child on the floor
(or mat) in half-kneeling position on target knee (i.e left knee).
He/she was asked to place the hands-on waist or knee with
the trunk erect or slightly forward. The left hip was in 20°
flexion to neutral position (as long as buttocks are clear of
lower legs) while the knee on floor in 90°-130° flexion and
the foot on the floor. The right hip in 70°-110° flexion and

the knee was in 70°-90° flexion and the foot as flat on floor
as possible, preferably heel contact. One standup/one return
was considered as one repetition. The child was asked to move
the trunk forward by flexion of the hips until the shoulders
are above the right knee joint then stand up while keeping
weight on the leading leg standing for one second (If possible,
place the left foot next to the right). Then he was instructed
to return to half-knee position.

Data analysis

Descriptive and t-test were conducted for comparison of sub-
ject characteristics between both groups. Chi- squared test
was used for comparison of sex distribution between groups.
Normal distribution of data was checked using the Shapiro-
Wilk test for all variables. Levene’s test for homogeneity of
variances was conducted to test the homogeneity between
groups. Mixed MANOVA was performed to compare within
and between groups effects on SCALE, GMFM-88 and PBS.
Partial squared eta was considered as the effect size. Post-
hoc tests using the Bonferroni correction were carried out for
subsequent multiple comparison. The level of significance for
all statistical tests was set at p<0.05. All statistical analysis was
conducted through the statistical package for social studies
(SPSS) version 22 for windows (IBM SPSS, Chicago, IL, USA).

Results

Participants’ characteristics

Table 1 showed the subject characteristics of both groups. There
was no significant difference between both groups in the mean
age, weight, height and BMI (p<0.05). Also, there was no sig-
nificant difference in sex distribution between groups (p=0.88).

Effect of treatment on SVMC, gross motor function and
functional balance

Mixed MANOVA revealed that there was a significant inter-
action of treatmens and time (Wilks’ Lambda=0.02; F (5,47)=
309.74, p=0.001, n =0.97). There was a significant main effect
of time (Wilks' Lambda=0.009; F (5,47)=1043.64, p=0.001, n
=0.99). There was a significant main effect of reatment (Wilks'
Lambda=0.16; F (5,47)=48.89, p=0.001, n =0.83). Table 2

Table 1. Comparison of the mean age, weight, height, BMI and
sex distribution between group I and II.

Group I Group II

X+SD X+SD MD t-value p-value
Age (years)  8.18+1.03 7.8+1.05 0.38 1.32 0.19*
Weight (kg) 27.6+4.06 27.15£3.68 0.45 0.42 0.67*
Height (cm) 120.07+5.71 120.53+6.52 -0.46 -0.27 0.78*
BMI (kg/m?) 19.21+3.08 18.75+2.69 0.46 0.57 0.56*
Boys/Girls ~ 14/13 14/12 (¢ _0.02) 0.88*

X , Mean; SD: Standard deviation; MD: mean difference;
x2: Chi squared value; p-value: Level of significance;
*: Non-significant
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Table 2. Pre and post-treatment mean values of the SCALE, GMFM-88 and PBS in group I and II.

Pre Post Pre vs post

Group I Group II Group I Group II GroupI GroupII

Xx+SD X+SD P-value X+SD X+SD P-value P-value P-value
SCALE
Right lower extremity 2.44+0.8 2.23£09  0.39* 2.81£0.92  6.5+1.17 0.001** 0.02**  0.001**
Left lower extremity  2.92+0.78 2.61+0.75 0.14* 3.2940.77 6.8£0.74 0.001** 0.001** 0.001**
GMFM-88 (%)
Dimension D 61.04+£1.95 60.11+2.61 0.14* 68.731£2.08 80.45+2.5 0.001** 0.001** 0.001**
Dimension E 31+2 31.84+2.4 0.17* 37.7542.33 47.4+2.92 0.001** 0.001**  0.001**
PBS 32.3+4.6 32.42+3.63 0.91* 37.44+4.26 46+2.34  0.001** 0.001**  0.001**

X: Mean; SD: Standard deviation; p-value: level of significance; *: Non-significant; **: Significant

showed descriptive statistics of SCALE, GMFM-88 and PBS
and the significant level of comparison between groups as
well as significant level of comparison between before and
after treatment in each group.

Between group comparison

There was no significant difference between the groups | and
Ilin all parameters before treatment (p>0.05). After treatment
there was a significant increase in the right and left extremities
SCALE, dimension D and E of GMFM-88 and PBS of the group
Il compared with that of group | (p>0.001).

Within group comparison

There was a significant increase in the right and left extremities
SCALE, dimension D and E of GMFM-88 and PBS after treat-
ment compared with that before treatment in both group |
and Il (p<0.05).

Discussion

This study intended to compare the effects of functional stren-
gth training versus conventional physical therapy on the SVMC,
gross motor function and functional balance in children with
spastic diplegia. The results indicated that a six- month pro-
gram of functional strength training (group ) produced better
improvement in SVMC, gross motor function and functional
balance in children with spastic diplegia compared with a
six- month program of conventional physical therapy (group
I) alone. Improvements were recorded in the two groups in
all measured variables. However, higher improvements were
achieved in the group Il compared with the group I.

All participants followed the functional strength training
and non-reported any musculoskeletal discomfort (joint
pain, soreness, etc). The authors suggest that the functional
progressive resistance training was convenient, accessible,
practical and safe without drawback effects and is in agree-
ment with Morton et al., [20].

The improvement recorded in the two groups can be attri-
buted to the duration and frequency of the treatment. The

statistical analysis revealed significant improvements in all
measured variables after treatment in both groups as the main
effect of time was statistically significant. The two groups re-
ceived a treatment program which was conducted for 90 min-
utes three-times a week for 6 successive months, which is
considered as an intensive program. Trahan and Malouin [21]
and Tsorlakis et al., [22] stated that increasing the frequency
and duration of therapy sessions may produce significant
and long-lasting changes in strength, tone, posture and gross
motor performance; however, the success of any therapy
depends on the commitment of the parents, caregivers, child
and therapists.

The significant improvement in all measured variables after
treatment recorded in favor of the group Il could be attributed
to the type of the exercises which consisted of a group of
loaded multi-joint functional resisted exercises (sit-to-stand,
half knee rise, step up) that were designed to incorporate the
fundamental tasks required for the daily living performance
during walking, stair climbing and general mobility. All of
these activities include smooth, rhythmic motions in the
sagittal, frontal and transverse planes of movement which
enhanced the SVMC. This agreed with previous studies stated
that, sit-to-stand, lateral step-ups, front step-ups, walking up
and down stairs, high-kneeling and lateral walking are effec-
tive method to enhance motor performance, gait parameters
and balance [13,23-25].

The mechanism whereby the functional strength training
improved the SVMC, motor function and functional balance
is likely caused by neurophysiological adaptations and micro-
scopic alternation of muscle properties of the targeted muscles
as well as neuromuscular integration and improvement of
muscle strength. This explanation is supported by the findings
of Fowler et al., [5,18] who reported that, strength-training
in individuals with CP results in neurophysiological changes
such as increased co-activation of antagonist muscles, pro-
mote synergist muscles performance, enhancement of spinal
cord connections and cross education bilateral effect. Those
neural changes are believed to continue with training, helping

5
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to improve movement. Similarly, Shepherd et al., [26] men-
tioned that training protocols based on task-specific strength
training stimulates reorganization of cortical areas of the
brain being used with a task. In other words, it encompasses
more than simply increasing the force-production capacity
of specific muscles.

Alegre et al., [27] and Reeves et al., [28] have also illustrated
that strength training conducted between 12 to14 weeks in
young and older adults have revealed increases in cross sec-
tion area and thickness (hypertrophy) of the muscles. Muscle
hypertrophy is the increase in the cross section of muscle
due to an increase in the number (hyperplasia), or the size
(hypertrophy) of muscle fibers. Additionally, Dos Santos et al.,
[13] and Taylor et al., [29] reported that progressive strength
training is believed to affect the muscle metabolic capabil-
ity and consequently, induced increase in muscle strength
through morphological and metabolic acclimation. They
suggested that this type of training enables the improvement
of neural control commands as well as increases in strength
thus, improvements in functional performance.

LeMura et al., [30] stated that limited active performance
is a frequent problem in CP resulting in structural changes of
the muscle in which type | muscle fibers (oxidative) change
their structure to type Il (Fast twitch). They added that, proper
strength training can stimulate muscle fiber type transforma-
tion and alternations to muscle structures. In other words, fast
twitch fibers might become more oxidative with proper training.

The study conducted by Kusumoto et al., [8] may support
our results. They investigated the relationship between SMC
of the lower extremities and knee extensors muscle strength
in children with spastic diplegia. They reported significant
relation between the SVMC and the maximum strength of
the knee extensors.

Earlier in a randomized controlled trial conducted by Kann-
abiran et al,, [3] who studied efficacy of functional strength
training in improving gross motor function among the chil-
dren with spastic diplegic CP. The results of this study showed
improvement in gross motor function after 10 weeks of fun-
ctional strength training program.

Our results confirm those already reported by Park et al., [31]
who examined the effect of concentric and eccentric control
training of the paretic leg on balance and gross motor function
in children with spastic hemiplegia. They found significant
improvement in gross motor function and balance ability.

Our results are consistent with Dodd et al., [23] who evalu-
ated the effects of a home-based, six-week strength-training
program on lower limb strength and physical activity of young
people with spastic diplegic CP. They reported that, strength
training may cause lasting changes in the strength of key
lower-limb muscles that may impact on the daily function
of young people with CP.

Likewise, Kannabiran et al., [3] examined the effectiveness
of functional resistance training in improving motor function
in preschool children with spastic diplegia. The results showed

significant improvement in gross motor function particularly
in standing, walking, running and jumping after 10 weeks of
intervention based on functional strength training.

Additionally, Blundell et al., [26] investigated the effect of
short duration functional strength training in children with
CP.The concluded that, task-specific strength training con-
ducted for short duration, caused improvement in both muscle
strength and functional performance in children with CP.

The results of the current study come in agreement with
Liao et al.,, [25] who investigated the effectiveness of loaded
sit-to-stand resistance exercise for children with mild spastic
diplegia. They found significant improvements of basic motor
abilities, functional muscle strength, and walking efficiency.

The current study had several limitations. First, participants
were delimited to children with spastic diplegia and not all
subtypes of CP make it difficult to generalize the findings
to all children with CP. Second, there is limited literature on
the effectiveness of functional strength training on SVMC
and it was difficult to affirm the study results. Hence, future
researches using a larger sample and different types of CP
are needed. Moreover, multidimensional analysis using ap-
propriate assessment tools are recommended to validate the
relation between SMC and muscle strength. Finally, studies are
recommended to determine the long-term effects of muscle
strengthening in children with CP.

Conclusion

The results of the current study suggested that both the
functional strength training and the conventional physical
therapy have the potential to produce a significant improve-
ment of SMC, gross motor function and functional balance
in children with spastic diplegia. Moreover, the conventional
physical therapy has been realized as being effective but to
less extent than the functional strength training.
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