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ABSTRACT

The aim of this study was to compare the effect of different treatment approaches (pressure biofeedback
training of the abdominal drawing-in maneuver with and without prone hip extension, whole-body
vibration, and core stability exercises) on lumbar hyperlordosis, respiratory muscle strength, and
balance in children with diplegic cerebral palsy. Forty-five children, ranged in age from 8 to 12 years,
were randomly allocated into three groups (A, B, C). All children underwent a specialized exercise
program for one hour, three days/ week for three successive months. In addition, group A received
pressure biofeedback training, group B underwent the whole-body vibration, and group C underwent
the core stability exercises. The lumbar lordotic angle, active lumbar and hip range of motion,
respiratory muscle strength, and balance were measured before and after three months of treatment.
We found a significant decrease in lumbar lordotic angle along with a significant increase in active
lumbar and hip range of motion of group A and group C post-treatment (p < 0.001) in favor of group
A, while non-significant change was found in group B (p > 0.05). A significant improvement was
recorded in the three groups' respiratory muscle strength and stability indices in favor of group B (p <
0.001). Pressure biofeedback training and core stability exercises are the best adjunctive to traditional
physical therapy to improve lumbar hyperlordosis, respiratory muscle strength, and balance together
in children with diplegic cerebral palsy. Moreover, whole-body vibration is the best adjunctive to

improve respiratory muscle strength and balance.
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1. INTRODUCTION

Cerebral palsy (CP) is a non-progressive, neuro-motor disorder in the developing brain that leads
to chronic movement and posture disorders restricting multiple functions (Rosenbaum et al., 2007). CP
describes a pool of disorders of movement and posture that causes limitation (Kwon & Lee, 2015).
Therefore, cerebral palsy is a disorder of muscle control that results from some damage to part of the
brain.

There is a significant weakness in the trunk muscles spasticity of the extremities with mild motor
impairment of the upper extremities than the lower ones (Tang-Wai et al., 2006). Children with diplegic
CP have anterior pelvic tilt, lumbar lordosis, hip adduction, hip internal rotation, knee flexion,
equinovalgus, and toe-in deformity (Tecklin, 2014), which affects their ability to perform most
everyday tasks as well as recreational activities. Spasticity decreases muscle strength, flexibility, and
range of motion (ROM) (Dickin et al., 2013).

The abdominal muscle (AM) weakness often leads to an anterior pelvic tilt and lumbar
hyperlordosis in CP children (Kim et al., 2006), especially in the rectus abdominis muscle (Vaz G et
al; 2002). An anterior pelvic tilt stretches the transverse abdominis (TA) and rectus abdominis muscles
resulting in inhibition of their stretch reflex and maintaining a neutral pelvis (Roussouly et al., 2005).
In addition to this, an increased lumbar lordosis and anterior pelvic tilt are the most frequently postural
compensation patterns associated with the restriction in the extension of the hip joint (Lee et al., 1997).
The tightness in the hip flexors further increases the anterior tilt of the pelvis thereby preventing hip
extension (Bilgili et al., 2012). Gluteus maximus (GM) is the prime mover for hip extension, and its
weakness could result in pelvic imbalance and dysfunction in the hip joint (Lewis et al., 2007). Lumbar
hyperlordosis leads to limitation of spinal ROM and weakness of the hip extensors (Jang et al., 2013).

The pulmonary function is also compromised in children with CP to a great extent. The low
pulmonary functions in CP children might be attributed to the reduced strength of the respiratory
muscle. Reduced muscle strength of the respiratory muscles is a provocative factor for chest infection
in CP children. Hence, clearance of the airway by coughing is very essential to prevent pulmonary
infections. (Boel et al., 2019).

The central nervous system's integration and processing of sensory inputs are considered the primary
basis for balance control (Chiba et al., 2012). Standing balance may be affected by even a slight shift
in the body posture (Bottaro et al., 2005). Poor movement strategy and balance impairment occur in
CP children due to impaired postural and equilibrium reactions and weakness in diplegic children

(Marjorie & Anne, 2005).
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Exercises that lengthen hip flexors and back extensors while strengthening AM and hip
extensors will help in the correction of hyperlordosis (Kendall et al., 2005). The abdominal drawing-
in maneuver (ADIM) is usually recommended for activating abdominal muscles and trunk stabilization
training (Kisner & Colby, 2018). Hip extension exercises increase the lumbar lordotic angle and pelvic
tilt because of lumbar and pelvis instability and muscle imbalance in the surrounding areas. Therefore,
ADIM with hip extension movement stabilizes the lumbar and pelvic regions and prevents abnormal
movements (Oh et al., 2007). A previous study was conducted in which the authors investigated the
efficacy of ADIM with a hip extension on the trunk and hip extensor muscles and the degree of anterior
pelvic tilt. They reported a significant the strength of hip extensors and reduction in the pelvic tilt (Oh
et al., 2007).

Biofeedback (BF) promotes motor learning values (Arpa & Ozcakir, 2019). An individual may
use BF to identify muscle activity by converting signals into visual and/or auditory signals. As a result,
they can monitor and regulate their own muscle movement, which is usually uncontrollable due to the
injury in the brain (Li et al., 2014). A pressure biofeedback training (PBFT) was used to evaluate and
train the function of the abdominal muscle (Mills et al., 2005).

A mechanical oscillation f whole-body vibration (WBV) produces forces with varying
amplitudes and frequencies (Ali S et al., 2019). It improves muscular strength, bone density, and
balance (Marin & Rhea, 2010; Ko et al., 2016), stimulates the muscle spindles and the Golgi tendon
(Ko et al., 2016), modulates the muscle tone (Elshafey et al., 2021), and triggers the proprioceptive
response in the body (Banky et al., 2017).

The core stability area looks like a box with the anterior section of the AM's, and the posterior
section includes the spinal muscles and gluteal muscles. The diaphragm and pelvic girdle muscles form
their roof and the floor (Miyake et al., 2013). Postural control greatly depends on the abdomen, pelvic,
and shoulder muscles (Briggs et al., 2004). Lumbar stabilization exercises are used to balance the
abdomen and trunk extensor muscles, which is crucial for stabilizing the spine and performing the
movements in the upper and lower extremity (Willson et al., 2005). Core stabilization exercises could
improve balance and stability and diminish muscle tone (Dodd et al., 2002).

Previous studies have been conducted in which authors investigated the efficacy of hip extension
strengthening and stretching of the hip flexors on lumbar hyperlordosis in adults (Oh et al., 2007; Malai
et al., 2015). In another study, the authors established the efficacy of hip flexors and functional
stretching exercises on hyperlordosis in infants (Czaprowski et al., 2013). To the best of researcher’s
knowledge, no studies were found on the various methods and approaches to correct hyperlordosis in

children with diplegic CP. Hence, the researcher identified the need and conducted a study with the
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prime objective to compare the effect of different treatment approaches (PBFT of the ADIM with and
without hip extension, WBYV, and core stability exercises) on lumbar hyperlordosis, respiratory muscle

strength, and balance in children with diplegic CP.

2. METHODS

The present study was a parallel group randomized controlled trial with a planned duration of
three successive months (Figure 1). The study was conducted in the outpatient clinic of Al-Qassim
University, Saudi Arabia. The study was registered in the clinical trial registry with the registration
number as UMIN000044103. Since the study was conducted on human beings hence the researchers
followed the Code of Ethics of the World Medical Association (Declaration of Helsinki). The study's
intent, assessment and treatment protocols were informed to all parents. Before the children
participated, their parents had to sign a consent form.

In the present study, forty-five children diagnosed as diplegic cerebral palsy, both males and
female (male = 23 and females = 22), children falling within the age group of 8 to 12 years were
recruited as the participants for the study. Children graded at level II of Gross Motor Function
Classification Scale (GMFCS), with grade 1" and 2 level of spasticity based on Modified Ashworth
Scale, having lumbar hyperlordosis with lumbar lordotic angle (LLA) ranged from 40°-45", dynamic
shortening of hip flexors, the strength of quadriceps, hamstring, and calf muscles was at least grade 3
according to Kendall et al. (2005), abled to walk independently without walking aids, and had the
adequate intellect and were able to comprehend instructions were eligible to participate in the study.

However, children diagnosed with any genetic or metabolic disorders, who had undergone any
previous surgery, who had taken Botox injection of the lower limbs (LLs) during the previous 6 months,
with any visual or auditory problems, obesity, uncontrolled seizures, cardiopulmonary disorders, blood
diseases, leg length discrepancy, congenital heart diseases, and difficulty to cope with the tests and

intervention protocols during the familiarity session were excluded from the study.
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Figure 1. CONSORT Flow Diagram showing the experimental design of the study
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2.1. Sample size calculation

Sample size for the present study was calculated using G¥POWER statistical software (version
3.1.9.2; Universitat Kiel, Germany). Prior to this study, a pilot experiment was conducted on LLA, in
which 10 children were included as the sample participants, with n=05 in each group. The data of LLA
from this pilot study was used to calculate the sample size (Alpha= 0.05, power 80%, and effect size

0.48). The sample size of the present study was 45 with n=15 in each group.

2.2. Randomization, allocation, and blinding

All patients were scheduled for regular outpatient physical therapy sessions in the Outpatient-
Clinic of Al-Qassim University, Saudi Arabia. A total of 56 children were screened for the study by a
research coordinator. Out Of 56 children, 10 children did not fulfill the selection criteria and were
excluded from the study. A total of 45 children were recruited as the participants for the study. All the
participants were randomly allocated into three groups i.e. group A, group B and group C, with n=15
in each group. Based on a computer-generated randomization schema with blocks of randomly varied
sizes, the allocation ratio was 1:1:1 of equal numbers n = 15. Followed by this, the group allocation
was revealed exclusively via computer software (CleanWeb) to the non-blinded physiotherapist, who
was not involved in the study. An off-site independent statistician constructed the randomization list
prior to the start of the study. In this study no drop outs were reported. Figure 1 represents the
participants' flow chart through the study and timeline of assessments and interventions according to
the CONSORT guidelines (Moher et al., 2012).
2.3. Outcome measures

Anthropometric measurements were done in which the height (cm) and weight (kg) of each
participant were measured using the weight and height scale (health scale 70, made in China). The
researcher who was blinded to allocation and intervention completed pre-intervention and post-

intervention assessments of all the participants under similar conditions before and after successive
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three months of treatment. All the participants underwent familiarity sessions of outcomes measures
to make them understand the purpose and methods of tests in an appropriate manner.The primary
outcomes in this study were LLA, active lumbar ROM, and active hip ROM while the secondary

outcomes were respiratory muscle strength and balance.
2.3.1. Lumbar lordotic angle assessment

Plain radiography of the lumbar region was performed to measure LLA using Cobb's angle. LLA
assessment was done by measuring the angle between two lines. The first line was parallel to the top
of the first lumbar vertebra, and the second line was parallel to the bottom of the vertebral body where

kyphosis to the sacral vertebrae begins (Cho et al., 2015).
2.3.2. Lumbar range of motion assessment

Active lumbar ROM was measured using the baseline bubble inclinometer (Model 10602,
Fabrication Enterprise Inc., USA). Initially, reference points were marked on the specific landmarks
on the participant’s body which included the 1% sacral and the 12 thoracic spinous process for
measuring the range of motion of flexion and extension of the lumbar spine. Two bubble inclinometers
were used simultaneously for measuring the range of motion of flexion and extension of the lumbar
spine in the standing position. The participant was asked to bend forward and then backward. The
actual lumbar ROM was calculated by subtracting the degrees obtained by the lower and upper

inclinometers (Magee & Manske, 2020).
2.3.3. Hip joint range of motion measurement

An electrogoniometer was used for the measurement of the range of motion of the hip joint.
The electrogoniometer was connected to the TeleMyo0900 transmitter via the NorAngle control box in
a supine posture with the contralateral hip and knee in full flexion. The stability and mobility arms of

the goniometer were placed parallel to the pelvis and thigh using double-faced adhesive tape. The
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greater trochanter and lateral margin of the knee joint were marked as the reference point for the
measurement of ROM of flexion and extension of the hip joint. The ROM measurement for hip joint
flexion and extension was done by taking the participant into supine lying and prone lying positions

respectively (Behrens et al., 2006).

2.3.4. Measurement of respiratory muscle strength

The maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) were assessed
using Respiratory Pressure Meter (Microhard System, Porto Alegre, Globalmed). The participant was
asked to attain a sitting position. The maximal inspiratory pressure (MIP) measurement was done by
asking the participant to exhale to the residual volume and to inhale intensively as long as possible for
atleast 1sec to 3 seconds. Maximal expiratory pressure (MEP) measurement was done by asking the
participant to inhale to the maximal lung capacity and then forcefully exhale as long as possible for 1-
3 s. Each participant was provided with five consecutive attempts. The best out of all was recorded
(Mohamed et al., 2021).

2.3.5. Balance assessment

The balance assessment was done using the Biodex Stability System (BSS; Biodex, Inc.,
Shirley, NY). The BSS is a dynamic balance platform that enables simultaneous movements in medial-
lateral and anterior-posterior axes. It is used to measure a medial-lateral stability index (MLSI),
anterior-posterior stability index (APSI), and overall stability index (OSI). It consists of eight levels of
stability, ranging from level 1(the least stable) to level 8 (the most stable level). In this study, the
stability indices were measured at level 8 because, during familiarity sessions, the children had trouble
keeping their equilibrium below this level. The test was repeated three times, and the average score of

the three attempts was documented.
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2.3.6. Interventions

In the present study, all three groups underwent a specialized exercise program. The exercise
program was implemented as one hour /session, three days a week for a total of three successive
months. In addition to this, the participants of groups A, B and C underwent PBFT of the ADIM with
and without prone hip extension, WBV, and core stability exercises. A specialized exercise program
included (hot fomentation for 10 min, hold-relax stretching of the iliopsoas, hamstring, and calf
muscles (held the position for 20 sec followed by relaxation for 10 sec, repeated 5 times, followed by
a 1-min rest), balancing and gait training exercises.

During the course of the study, the researcher ensured that the eligible children did not
participate in any other activities and did not undergo any injections or medications. The researchers
monitored and verified the compliance during the treatment sessions. Prior to the start of the
intervention, familiarity sessions were conducted by the researcher to make them understand the correct
method of intervention. The adherence rate of the participants was approximately 97 %. The
attendance record of each participant was calculated by the number of the prescribed visits attended.
The completeness of the exercises was calculated by the percentage of the exercises completed to the
author's satisfaction. The record of the completeness of the exercises/ intervention was maintained by
using the template for Intervention Description and Replication (TIDieR) checklist and guide
(Hoffmann et al., 2014). The participants failing to complete 90% of the exercises were considered
drop outs of the study.

2.4. Pressure biofeedback training

The PBFT of ADIM with and without prone hip extension was conducted using the PBF unit
(PBFU) (Chattanooga Group, Hixson, TN). The PBFU is widely used and has a high level of validity
and reliability (Lima et al., 2012). It included ADIM with hip extension followed by ADIM without
hip extension. Each maneuver was performed for 10 minutes with a total duration of 30 minutes. In

this, the rest period was not counted against the duration of exercises.
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2.4.1. The abdominal drawing-in maneuver

Each participant was instructed to lie in the supine lying position on a stable surface with
bilateral knee bent to 90 degrees of flexed position with the feet flat on the stable surface. The PBFU
was placed under the fifth lumbar vertebra. The child was instructed to tighten the umbilicus upward
and backward towards the lumbar, press on the airbag, tighten the buttocks to allow the pointer to reach
a specified value, and prevent the pointer from floating. The participants were asked to keep their spine
stable during the training. The researcher ensured that PBFU was not leaking. Before training, the
PBU was inflated to 40 mmHg. The participants were encouraged to to reach 180 mmHg during the
training. The movement was performed for 15 sec with relaxation for 5 sec between the movements
(Xu Cetal., 2021). The exercise was performed as 3 sets x 10 repetitions, with two min break between
each set with a total of 10 min (Richardson et al., 2004).
2.4.2. Abdominal drawing-in maneuver with prone hip extension

Abdominal drawing-in maneuver with prone hip extension was initiated by placing a target bar
on the wall at the level of 10° hip extensions. Each child was instructed to lie down in a prone position.
A PBFU was positioned between the therapeutic table's pad and the child's lower abdomen to control
the action of AM. The bag of PBFU was inflated to 70 mmHg and the participant was instructed to
pull his/her abdomen in and to hold that position. Followed by this, the child extended the hip without
bending the knee until the popliteal area touched the target bar. During hip extension, the participant
was directed to maintain a pressure of 60 mmHg using visual input from an analog pressure gauge.
The hip extension end-range movement was kept for 5 secs (Oh et al., 2007). The exercise was
performed in 3 sets with 10 repetitions/set for a total of 10 minutes with 3 minutes rest intervals

between consecutive sets.
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2.5. Whole body vibration

WBYV training was conducted using the Galileo System vibration unit (Novotec Medical,
Pforzheim, Germany). It was applied in two positions; squatting and in the standing position with the
knee joint in a semi-flexed position, with a duration of 7 min for each position and 1 min rest in
between. Semi -squat position was used to focus energy on the lower extremities (Park et al., 2018).
Han et al. (2019) recommended WBV with 18-20 Hz, which was more effective because higher
frequencies made the child fatigued and required a long time to recover the muscle. So, the overall
duration of training was 15 min at a frequency of 20 Hz and amplitude of 2 mm. each participant was

instructed to maintain his/her position.

2.6. Core stability exercises

The participants of group C underwent core stability exercises for 30 min per session. The core
stability program had three levels. Each exercise was performed at each level for 5 min according to a
set of sequences. The first (simple) level included the exercises as supine abdominal draw-in,
abdominal draw-in with both knees to the chest, and supine twist. In the second level participants
performed pelvic bridging (5 repetitions) and twisting with a medicine ball (2 sets % 10 repetitions)
and in the third level participants performed bridging with the head on a physioball (held for 5 s,
followed by relaxation) and prone bridging. In all the levels, 2 sets of exercises were performed with

10 repetitions /set (Lahatinen et al., 2007).

2.7. Statistical analysis

ANOVA-test for numerical data and by Chi-squared test for categorical data was conducted to
compare the participants' characteristics among the three groups. Shapiro-Wilk test was used to check
the normal distribution of data for all variables. Levene's test was used for establishing the homogeneity

of variances between groups. Mixed model MANOV A was performed to compare within and between-
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group effects on LLA, active lumbar ROM, active hip ROM, MIP, MEP, and stability indices. For
subsequent multiple comparisons, post-hoc analysis was done using the Bonferroni correction. The
level of significance was set at p < 0.05. All statistical analysis was performed through the statistical

package for social studies (SPSS) version 25 for windows (IBM SPSS, Chicago, IL, USA).

3. RESULTS

3.1. Participants' characteristics

Table 1 showed participant characteristics A total of Forty-five children, diagnosed with
diplegic CP participated in this study. Non-significant difference was found between all the groups
with respect to age, weight, height, sex, and spasticity grades distribution with p > 0.05.

Table 1. Participants' characteristics

Group A Group B Group C

p-value
Mean+SD Mean+=SD Mean = SD

Age (years) 9.83 +1.35 9.7+1.27 9.8 +1.44 0.96
Weight (kg) 2936 +3.15 29.53+3.88 28.82+3.64 0.85
Height (cm) 135.06 £7.21 134+7.1 134.86+8.09 0.91
Degree of spasticity
1" 7 (47%) 6 (40%) 8 (53%) 0.76
2 8 (53%) 9 (60%) 7 (47%) '
Sex Boys 7 (47%) 7 (47%) 9 (60%) 071

Girls 8 (53%) 8 (53%) 6 (40%) ]

*SD, standard deviation; p-value: level of significance; *Significant at p< 0.05
3.2. Effect of treatment on lumbar lordotic angle, lumbar ROM, hip ROM, MIP, MEP, and
stability indices
There was a significant interaction of treatment and time with F = 45.28, p = 0.001, and 7°=

0.93), a significant main effect of time with F=937.51, p=0.001, and /= 0.99, and a significant main

effect of treatment with F =21.83, p =0.001, and 7°= 0.86.

SPORT TK. Year 2022. Volume 11. Supplement 3. Article 1. 12



Mohamed et al.

3.2.1. Within group comparison

Within group comparison of LLA and hip ROM in group A and group C revealed a significant
reduction in LLA, and a significant increase in active lumbar and hip ROM with p<0.001. Within group
comparison of group B revealed non-significant changes with p > 0.05. Within group comparison of
MIP and MEP revealed a significant decrease in APSI, MLSI, and OASI in all the three groups with

p<0.001 (Table 2).

3.2.2. Between group comparison

In the present study, between group comparisons revealed significant decrease in LLA. There
was a significant decrease in LLA of group A compared with that of group B and group C with p <
0.01), and a significant decrease in group C compared with that of group B with p <0.001 (Table. 3).

There was a significant increase in the lumbar flexion of group A compared with that of group
B and group C with p < 0.001, and a significant increase in group C compared with that of group B
with p <0.01. There was a significant increase in the lumbar extension of group C compared with that
of group A and group B with p <0.001, and a significant increase in group A compared with that of

group B with p <0.01 (Table 3).
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Table 2. Pre and post-treatment mean values of lumbar lordotic angle, lumbar ROM, hip ROM, MIP, MEP and stability indices

Group A Group B Group C

Pre Post Pre Post Pre Post

% of % of % of
M=SD M+SD MD change p M=SD M+SD MD change p M+SD M+SD MD change p

LLA 42,13 + 33+ 4186+ 41.26+ 41.66 + 35.06+
9.13 21.67  0.001* 0.6 1.43 0.07 6.6 15.84  0.001*
(degrees) 1.68 1.13 1.55 1.62 1.44 1.53
Lumbar
41.8+ 5207+ 4206+ 428+ 42.53 48 +
1 * *
flexion 1.69 116 10.27 2457  0.001 1.79 242 0.74 1.76 0.1 1 45 173 5.47 12.86  0.001
(degrees)
Lumbar
174+ 2213+ 1746+  18.2+ 1733+ 2426+
1 * %
extension L2 155 4.73 27.18  0.001 0.91 L85 0.74 4.24 0.08 123 127 6.93 40 0.001
(degrees)
Hip flexion 65.13+ 80.13 + 64.66+ 6653+ 6546+ 7533+
1 23.0 .001* 1.8 2. . . 15. .001*
(degrees) 3.09 3.5 > 3030001 2.66 3.66 7 89 0.09 3.02 291 987 508 0.001
Hip
6.06 10.06 £ 5.86 6.2+ 5.8+ 8.6+
1 * %
extension 07 1,09 4 66.01  0.001 0.74 0.67 0.34 5.8 0.08 077 0.82 2.8 488 0.001
(degrees)
MIP 4393+  47.86 44.06 £ 55.4 4326+ 5113+
. . .001* 11.34 2574 .001* . .001*
(cmH20) 2.15 +1.95 3:93 8.95 0.001 2.18 +1.72 3 37 0.001 1.94 2.26 787 18.19 0.001
MEP 4093+ 52,66+ 4126+ 444+ 41.66+ 5733+
11. 28. .001* 14 .61 .001* 15.6 .61 .001*
(cmH20) 0.79 3.22 73 866 0.001 1.03 1.84 3 76 0.001 1.54 2.12 6737 0.001
1.67 + 131+ 1.68 + 1.23 + 1.66 + 1.15+
* * *
APSI 0.01 0.07 0.36 21.56  0.001 0.01 0.04 0.45 26.79  0.001 0.02 0.09 0.51 30.72  0.001
191+ 1.56 + 1.93 + 1.35+ 1.92 + 1.52+
% * *
MLSI 0.05 0.06 0.35 18.32  0.001 0.06 0.05 0.58 30.05  0.001 0.05 0.07 0.4 20.83  0.001
198+ 1.57+ 1.96 + 14+ 1.97 + 1.49 +
* % *
OVSI 0.09 0.07 0.41 20.71  0.001 0.03 0.6 0.56 28.57  0.001 0.05 0.06 0.48 24.37  0.001

*Notes: SD, standard deviation; APSI, anterior-posterior stability index; LLA, lumbar lordotic angle; MEP, Maximal expiratory pressure; MIP, Maximal inspiratory
pressure; MLSI, medial-lateral stability index; OSI, overall stability index; ROM, range of motion; p-value, level of significance; SD, standard deviation; *Significant at
p< 0.05.
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Table 3. Comparison of post-treatment mean values of lumbar lordotic angle, lumbar ROM, hip

ROM, MIP, MEP, and stability indices among the three groups.

Avs.B Avs.C Bvs.C
MD (p-value) MD (p-value) MD (p-value)
LLA (degrees) 8.26 (0.001) 2.06 (0.001) 6.2(0.001)
Lumbar flexion (degrees) 9.27 (0.001) 4.07 (0.001) 5.2(0.003)
Lumbar extension (degrees) 3.93 (0.98) 2.13(0.002) 6.06(0.001)
Hip flexion (degrees) 13.6 (0.001) 4.8 (0.001) 8.8 (0.001)
Hip extension (degrees) 3.86 (0.001) 1.46 (0.001) 2.4 (0.001)
MIP (cmH20) 7.54 (0.001) 3.27(0.001) 4.27 (0.001)
MEP (cmH20) 8.26 (0.001) 4.67 (0.001) 12.93 (0.001)
APSI 0.08 (0.01) 0.16 (0.001) 0.08 (0.02)
MLSI 0.21 (0.001) 0.04 (0.19) 0.17 (0.001)
OVSI 0.17 (0.001) 0.08 (0.02) 0.09 (0.002)

*Notes: SD, standard deviation; APSI, anterior-posterior stability index; LLA, lumbar lordotic angle; MEP,
Maximal expiratory pressure; MIP, Maximal inspiratory pressure; MD, mean difference; MLSI, medial-lateral
stability index; OSlI, overall stability index; p-value, level of significance; SD, standard deviation; vs., versus;
*Significant at p< 0.05.

There was a significant increase in the hip flexion and extension ROM of group A compared
with that of group B and group C with p < 0.001 and a significant increase in group C compared with
that of group B with p <0.001 (Table 3).

There was a significant increase in MIP of group B compared with that of group A and group
C with p <0.001 and a significant increase in MIP of group C compared with that of group A with p <
0.001. There was a significant increase in MEP of group C compared with that of group A and group
B with p <0.001 and a significant increase in group A compared with that of group B with p <0.001.
(Table 3).

There was a significant decrease in APSI of group C compared with that of group A and group

B with p < 0.05 and a significant decrease in APSI of group B compared with that of group A with p
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< 0.01. There was a significant decrease in MLSI of group B compared with that of group A and group
C with p <0.001 while there was no significant difference between group A and C with p > 0.05. There
was a significant decrease in OASI of group B compared with that of group A and group C with p <
0.01 and a significant decrease in OASI of group C compared with that of group A with p <0.05 (Table

3).

4. DISCUSSION

The primary objective of the study was to compare the effect of different treatment approaches
(PBFT of the ADIM with and without prone hip extension, WBV, and core stability exercises) on
lumbar hyperlordosis, respiratory muscle strength, and balance in children with diplegic CP.

The researcher attributed the significant improvement in LLA, lumbar and hip ROM to the
combined effect of the physical therapy program together with PBFT or core stability exercises. It is
usually recommended to improve trunk control and abdominal muscle strength in diplegic children
with lumbar hyperlordosis (Roussouly et al., 2005; Unger et al., 2006). A sufficient amount of literature
is available in support of strengthening of AM and GM in minimizing the lordotic angle in the lumbar
region, improving the lumbar ROM and balance (Oh et al., 2007; Radziszewski, 2007). Contraction of
TA muscle increases internal abdominal pressure and tension in the thoracolumbar fascia which
stabilizes the region (Kibler et al., 2006). The thoracolumbar fascia is also a proprioceptor that provides
feedback regarding feedback about the position of the trunk (McGill, 2002). Abdominal bracing
exercises leads to significant increases in the isometric trunk extension and hip extension (Tayashiki
et al., 2016). Increased abdominal pressure by ADIM in the individuals with hyperlordosis caused
decreased muscle activity in lumbar erector spinae (LES) and increased activity of the GM. Moreover,
LES muscle activity was reduced by increasing internal stability (Kim & Kim, 2015).

A significant improvement was observed in the group that underwent PBFT. The researcher

attributed this to the improvement in motor control through the greater effect of BF on neural plasticity
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and cortical reorganization. Feedback is very much essential for monitoring errors and improving
corrections in the motor program. Though the neural damage disrupts the control of the muscle tone
but the affected individuals may have specific pathways that are unaffected. With the help of BF,
Patients will be able to learn the use of these retained pathways and this regulation may result in muscle
function recovery (Woodford & Price, 2007).

Motor learning requires information from the external environment, exteroceptors, and
proprioceptors. Basmajian (1963) has demonstrated that individuals could control the recruitment and
frequency of discharge of motor units through auditory and visual feedback. Visual stimuli have been
found to elicit potentials in specific areas of the cerebellum. The cerebellum is essential in adapting,
learning, and executing motor actions. PBFU provides external visual feedback to the patients
regarding their task performance.

Motor behavior in the affected individuals could be improved with the BF training and by
reinforcing the affected individuals to reach goal-oriented behavior (O'Leary et al., 2007). The BF
monitors the information, from the exteroceptors in the skin and proprioceptors in the joint and
muscles, concerning the length of the muscle, the amount of tension, and tactile sensation. The BF may
increase the muscle force by increasing motor unit recruitment or by increasing the firing rate of motor
units. Repetitive and concentrated practice plays an essential role in brain plasticity (Wolf et al., 2002).
In addition to this, the additional effect of reciprocal inhibition of the iliopsoas and hamstring muscles
also occurred during the training of AM and GM (Ruas et al., 2018).

Core stability exercises improve the quality of spinal muscle contraction and upper and lower
extremity muscle strength through the length-tension relationship (Unayik & Kahiyan, 2011). The core
stability exercises activated the abdominal and back muscles to reach the level of optimal muscle
strength (Ali et al., 2019). The researcher attributed this significant effect to the improved

neuromuscular system that enhances the optimal appropriate muscular balance, proximal stability,
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lumbar-pelvic-hip chain mobility, and function (Norris, 2001), resulting in strengthening the LLS
muscles and controlling the movement (Gribble & Hertel, 2003).

In the present study, a non-significant effect of WBV with physical therapy program was found
on LLA, lumbar ROM, and hip ROM. These results of the study were consistent with the previous
studies in which authors concluded that WBV in diplegic CP children did not affect the hip joint ROM
(Lee & Chon SC, 2013; Tupimai et al., 2016; Ahmadizadeh et al., 2019). Few authors have also
reported in their respective studies to correct the Hyperlordosis in CP children, by strengthening of
AMs’ and hip extensors with stretching of hip flexors and back extensors (Kendall et al., 2005).

The non-significant improvement recorded in lumbar and hip ROM explained the non-
significant improvement in lumbar Hyperlordosis in this group. To the best of the researcher’s
knowledge, the previous studies have reported that WBV is a promising approach to increasing the
strength in the muscles through tonic vibration reflexes (Bryant et al., 2013), while other authors have
reported no improvement in the muscle strength (Gloeckl et al., 2012). Previous studies recorded an
increase in the thickness of AM (Ali & Abd el-aziz, 2020) without measuring its strength and lumbar
ROM. Therefore, the effect of WBV on hip and trunk muscles could not be sufficient to produce a
significant improvement in the LLA and lumbar ROM.

In the present study, a significant improvement was found in the stability indices of the three
groups with a higher effect on WBV. The findings of the present study were in accordance with a study
conducted by Ali et al. (2019), in which authors compared the effect of core stability exercises and
WBYV on children with spastic CP and they concluded that WBYV is more effective in improving
balance.

The significant improvement in the stability indices due to the effect of WBV has also been
confirmed in the previous literature (Mohamed et al., 2019; Gloeckl et al., 2021). The researcher
attributed this significant improvement to the combined effect of sensory stimulation through WBV

and a designed exercise program. WBV worked at the various external and internal inputs like visual,
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vestibular, and proprioceptive inputs (muscle spindle, tendon organs, Pacinian, and Meissner
corpuscles) resulting in modulation of muscle tone (Elshafey et al., 2021).WBF worked on the
enhancement of the relationship between motor and sensory systems, improving the sensorimotor
integrative processes (Costantino et al., 2018), the synchronization of the motor units firing, and also
improved co-contraction of synergist muscles (Abbasi et al., 2017). In addition to this, the significant
effect of WBV might be a result of enhancing ankle strategy through improving ankle ROM
(Ahmadizadeh et al., 2019), although it has not been confirmed in the current study.

The significant improvement in the stability indices in the groups that underwent PBFT and
core stability exercises in the favor of core stability might be a result of the decrease in the LLA,
improvement in the lumbar ROM and hip ROM, which could result in moving the center of mass of
the back to its normal location, and an increase in the lumbopelvic stability (Liebenson et al., 2009).
The strengthening exercises of the trunk and pelvic muscles could improve the postural and equilibrium
reactions in children with CP (Sterba et al., 2002). Core stability exercises modify the load transfer and
lead to efficient weight distribution, which results in improving the balance of the individual (Roelants
et al., 2000).

The feed-forward system gets stimulated by the core stability program, which leads to postural
activity in the upper and lower extremities and improved coordination between the upper extremities
and trunk (King, 2011). The core stability exercises also improve the feedback mechanism because the
spine's stability depends on muscle strength and accurate sensory signals from the environment and
body interactions that are delivered to the central nervous system for continuous feedback and
movement refinement (Akuthota et al., 2011).

The statistical analysis of the present study also revealed a significant improvement in MIP and
MEP of the three groups with a higher effect on WBV. Increased MEP during respiration might assist
in the discharge of secretions and foreign substances from the airway, preventing pneumonia and other

pulmonary disorders, which are common in CP children.
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The improvement was recorded in MIP and MEP in groups undergoing PBFT and core stability
exercises, with a higher effect of PBFT than the core stability exercises. Previous studies have reported
the significant effect of core stabilization exercises on various respiratory parameters, muscle strength,
and physical fitness in different populations other than children (Cavaggioni et al., 2015; Oh & Park,
2016; Park et al., 2017; Mustafaoglu et al., 2019). The researcher attributed the significant effect of
PBFT and core stability exercises to the activation of AM muscle. The AM pulls the ribs and costal
cartilage caudally, thereby assisting the forced expiration.

The contractions of the abdominal muscles cause an increase in the intra-abdominal pressure
and a decrease in the intrathoracic pressures that help in increasing the airflow (Key, 2013). In addition
to this, the abdominals create a push towards the diaphragm upward into the thoracic cage, increasing
the speed and volume of exhalation. The passive stretch to the costal fibers of the diaphragm help in
increasing the inspiration phase of respiration (Starr et al., 2011). In addition, the core stability muscles
improve the strength of the upper spinal musculature. Core exercises also increase trans-diaphragmatic
pressure, which is the maximal force generated by the diaphragm at functional residual capacity, which
stimulates it (Strongoli et al., 2010).

To the best of the researcher’s knowledge, very few studies have been conducted to investigate
the effect of WBV on MIP and MEP. The statistical analysis of the present study revealed significant
improvement in MIP and MEP. The findings of this study were found to be in accordance with the
previous literature (Pessoa et al., 2017). WBV induces a reflex sensitization of the muscle spindles,
enhancing the strength of the diaphragm muscle and accessory muscles of respiration of the scapular
girdle (Pessoa et al., 2017) as well as an increase in the involuntary respiration by neural inspiratory
stimulation (Sumners et al., 2008).

The researcher has highlighted the key strengths of the study. In the current study, no dropout
was reported, the baseline data was homogenous with a lack of any discrepancies. However, some

drawbacks were also reported. Even though the sample size was calculated according to a previous
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statistical estimate, increasing the sample size might have increased the power of the results. Hence,

the researcher emphasized the need to conduct the large sample prospective trials along with frequent

follow-up periods to determine the long-term effects of the training.

5. CONCLUSION

Based on the obtained results, the researcher concluded that PBFT of the ADIM with and

without prone hip extension and core stability exercises are the best adjunctive to the traditional

physical therapy to improve lumbar hyperlordosis, respiratory muscle strength, and balance together

in children with diplegic CP. Moreover, WBYV is the best adjunctive for improving respiratory muscle

strength and balance.
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LIST OF ABBREVIATIONS

AM: Abdominal muscles

ADIM: Abdominal Drawing-In Maneuver
APSI:Anterior-posterior Stability Index
BF: Biofeedback

BSS: Biodex Stability System

CP: Cerebral Palsy
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GM: Gluteus maximus

LLs: Lower limbs

LLA: Lumbar lordotic angle

MEP: Maximal Expiratory Pressure
MIP: Maximal Inspiratory Pressure
MLSI: Medial-lateral Stability Index
PBFT: Pressure biofeddback training
PBFU: Pressure biofeddback unit
OSI:Overall Stability Index

ROM: Range of Motion

TA: Transverse abdominis

WBYV: Whole body vibration
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