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ABSTRACT
Background:  The objective of this present study was to determine the Effectiveness of Floor Exercises versus Ball Ex-
ercises on spinal mobility in Spastic Diplegic. 
Methods: Institutional ethical committee permission was taken before starting the study. A sample of   70 Diplegic CP 
children was screened, and 40 meeting the inclusion criteria were selected for study were then randomly divided into 
two groups one control other experimental i.e. 20 in each group by chit method. Both the groups were assessed with 
spinal goniometry using Tape measurements for Thoracolumbar spine and Modified Schober's Test (MMST)before and 
after the treatment. Control group were given Floor exercise on a mat, and Swiss ball was giving experimental group 
Ball exercises for ten repetitions with 10-second hold, treatment time was 40 min per session for 3days per week for six 
weeks. Same sustained stretching technique for both groups in bilateral lower extremities for ten repetitions with 30 sec 
hold was given for, TA, Iliopsoas, Hamstrings, Hip Adductor, Rectus femoris. 
Result:  Significant improvement was noted in the Intra-group comparison of both the groups from baseline to post six 
weeks of intervention p-value 0.001*** in both groups, and the Intergroup analysis using with tape measurements for 
Thoracolumbar spine (p-value) and MMST (p-value 0.133NS). 
Conclusion: The present study concludes that there is a similar effect of both Floor Exercises versus Ball Exercises on 
spinal mobility in Spastic Diplegic. 
Keywords:  Ball exercises (using Swiss Ball ), Cerebral palsy(CP), MMST (Modified Modified Schober's test ), Spastic 
Diplegic (one type of CP), Floor exercises using a mat, spinal mobility.
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INTRODUCTION 
Cerebral palsy (CP) is a common developmental disability 
first described by William Little in the late 1840s1.Sophie 
Levitt 1et al 1977 defined CP as an “umbrella term cover-
ing a group of non-progressive, but often changing, motor 
impairment syndromes are secondary to lesions or anom-
alies of the immature brain arising in the early stages of its 
development” [1,2,3]. Prevalence of CP. is in the range of 
2.5 to 3 per 1000 live births according to Indian pediatric 
society, while exact figures are unavailable in India [4,5].  
The developmental delay in the normal sequence of mo-
tor development in CP child leads to abnormal patterns 
of movements which eventually lead to malalignment of 
the architecture of neutral spine leading to restricted spi-
nal mobility. These malalignments become more evident 
in due course of time as spinal deformity [6,7]. The reason 
abnormal postures formed as a result of tight shorter spas-
tic muscle groups whose antagonists are weak and cannot 
overcome the tight pull of the spastic muscles and so can-
not correct the abnormal postures [8,9].
Voluntary movements are directly affected as poor trunk 
control interferes with the efficiency of the weakness of 
both postural muscles leading to reduced postural stabi-
lization and orientation and abnormal movement patterns 
[7]. When a child makes a voluntary movement, he has to 
maintain his balance as he does so. If his postural stability 
and counterpoising are inadequate, the child may not be 
able to initiate or carry out the movement [1]. Should he 
manage to carry out an active movement on a background 
of unstable posture, the movement can be either imprecise, 
clumsy, in coordinated or weak [1,6]. Lack of isolated or 
discrete movements and fine motor coordination are also 
delayed with the spastic type of ambulatory CP patients 
leading to poor trunk dissociation pattern of the trunk 
with head and lower extremities [10,11].
Core muscle activation forms an integral part of stabiliza-
tion of spine during weight bearing of the spine [12,13].
Efficient core allows for 
•	 Maintenance of normal length-tension relationships of 

abdominals and back extensors along with hip muscu-
lature.

•	 Maintenance of normal force couples between abdom-
inals back extensors pelvic girdle and hip musculature.

•	 Maintenance of optimal Arthro- kinematics of spine.
•	 Optimal efficiency in entire kinetic chain during 

movement of spine
•	 Acceleration, deceleration, dynamic stabilization of 

the spine.
•	 Provides proximal stability for movement of both up-

per and lower extremities [1,13,14]. 

A comprehensive strengthening or facilitation of these core 
muscles has been advocated as a way for complete spinal 
stability. Strong core muscles help stabilize the trunk and 
reduce the load of lumbar spine [14]. Training core mus-
cles are, therefore, very essential for proper spine alignment 
during weight bearing. In Spastic Diplegics, Floor exercises 

for back extensors and abdominals were traditionally given 
with a stable and large base of support. They are effective 
in training the core muscles [15,16]. Later on, Swiss Balls 
(Bobath Ball) came into the picture as an effective aid for 
exercises in 1963. Quinton, in 1970, for the first time, used 
Stability Balls as play therapy for rehabilitation of children 
with neurological impairments [17,18].    
The Aim of this study was to assess the Effectiveness of 
Floor Exercises versus Ball Exercises on spinal mobility in 
Spastic Diplegic. The objective of this study was to deter-
mine the:
1.	 The effectiveness of Floor Exercises on spinal mobility 

in Spastic Diplegic.
2.	 The effectiveness of Ball Exercises on spinal mobility in 

Spastic Diplegic.
3.	 To determine the Effectiveness of Floor Exercises ver-

sus Ball Exercises on spinal mobility in Spastic Diple-
gic. 

Materials and Method
It was an experimental study, a Randomised Clinical Trial, 
a sample of 40 divided into 20 each group, i.e., control and 
experimental by Randomised purposive sampling tech-
nique. The study set up was Neuro Physiotherapy O.P.D in 
Rural hospital and CP school in Rural areas.
Inclusion criteria: 1. All ambulatory cerebral palsy patients 
(with or without Ambulatory aid / Orthosis) according to 
SAAROM (The spine alignment and range of motion mea-
sure scale (grade 0 to grade 2) [18] 2. Age 3 to 16yrs [2]. 

3. Mini-mental state examination score ≥24 (cognition & 
perception deficit) [19].
Exclusion criteria: Cerebral palsy patients with MR and 
cognitive, perception dysfunction.
Materials Used:   1. Swiss Ball of (45 -65 cms), 2. Floor mat, 
3. Measuring tape,  4. Marker,  5. Pen, 6. Paper.
METHODOLOGY
The sample 70 was screened, of which 40 meeting the 
inclusion criteria were selected. This sample of 40 Spas-
tic diplegics was then randomly divided into two groups 
one control other experimental i.e. 20 in each group by 
chit method. Demographic data and basic Neurological 
examination were done. Both the groups were assessed 
with assessed with spinal goniometry using Tape measure-
ments for Thoracolumbar spine and Modified Schober’s 
Test (MMST), [18,19] before and after the treatment. Both 
the groups i.e. control and experimental were given the 
same sustained stretching technique for bilateral lower 
extremities for ten repetitions with 30 sec hold given for, 
TA, Iliopsoas, Hamstrings, Hip Adductors Rectus femoris. 
Control group were given stable surface, i.e., Floor exercise 
and experimental group were be given Ball Exercises Exer-
cises were given in Supine Prone and Side-lying positions 
for ten repetitions with 10-second hold, treatment time 
was 45 min per session with 3days per week for six weeks 
[13,14,15].
Some of the exercises of the control group were: Curl-ups, 
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diagonal curl ups, bridging, prone on palms Quadripod 
position, bird dog position, prone hip extension [13,14].
Some of the ball exercises given were:  Curl-ups and di-
agonal Curl-ups, rectus abdomius lengthening, bridging 
on Swiss Ball using the different base of support, Runners 
position, prone on palms prone hip Extension, Thoraco-
lumbar Hyper Extension, Lengthening of Latissmuss Dorsi 
and Quadratus Lumborum [15].

 
Picture 1:  Hyperextension of thoracolumbar spine on 

Swiss Ball

Picture 2:  Rectus Abdominal lengthening 
RESULTS
The data on qualitative characteristics (such as sex, age 
group, etc.) is presented as n (% of cases). The data on 
quantitative characteristics (such as MMST) is presented 
as a Mean ± Standard error of the mean (SEM) across two 
study groups. The statistical significance of the difference 
of qualitative characteristics across two study groups is 
tested using Chi-Square test. The assumption of normal-
ity of the given data in the present study was tested using 
the Shapiro Wilk’s test. The statistical significance of the 
inter-group difference of the mean of quantitative char-
acteristics is tested using unpaired ‘t’ test, after confirm-
ing the underlying normality assumption. The statistical 
significance of the intra-group difference of the mean of 
quantitative characteristics is tested using paired‘t’ test, 

after confirming the underlying normality assumption of 
the difference of baseline and post-treatment parameters 
in each study group.

Table 1: The intra-group and inter-group comparison of 
Difference in Modified Modified Schober’s Test (MMST) 

across two study groups.

MMST (cms) Difference 
Measurement

Control 
Group 
(n=20)

Experimental 
Group (n=20)

P-value
[Inter- 
Group]

Flexion

Baseline 3.7 ± 0.35 3.2 ± 0.22 0.320NS

6-Weeks 5.4 ± 0.36 5.2 ± 0.23 0.631NS

% Change 57.9% 67.5% 0.279NS

P-value 
[Intra- 
Group]

Baseline v 
6-Weeks 0.001*** 0.001*** --

Extension

Baseline 2.2 ± 0.17 2.5 ± 0.22 0.320NS

6-Weeks 3.6 ± 0.12 4.0 ± 0.18 0.059NS

% Change 78.1% 77.9% 0.989NS

P-value 
[Intra- 
Group]

Baseline v 
6-Weeks 0.001*** 0.001*** --

Values are mean ± standard error of the mean. P-values 
for inter-group comparisons by unpaired t test. P-values 
for intra-group comparisons by paired t test. P-value<0.05 
is considered to be statistically significant. * P-value<0.05, 
**P-value<0.01,   ***P-value<0.001, NS: Statistically 
Non-Significant.

Graph 1: MMST (EXTENSION)

Graph 2: MMST (FLEXION)
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Table 2:  The intra-group and inter-group comparison of 
Difference in Thoraco Lumber measurements across two 

study groups.

Thoraco Lumber Mea-
surements –Difference 

(inches)

Control 
Group 
(n=20)

Experimen-
tal Group 

(n=20)

P-value
[Inter- 
Group]

Flexion

Baseline 2.1 ± 0.19 1.9 ± 0.14 0.525NS

6-Weeks 3.4 ± 0.19 3.6 ± 0.17 0.388NS

% Change 74.6% 95.3% 0.133NS

P-value 
[Intra- 
Group]

Baseline v 
6-Weeks 0.001*** 0.001*** --

Extension

Baseline 1.7 ± 0.16 1.4 ± 0.16 0.166NS

6-Weeks 2.9 ± 0.18 2.5 ± 0.21 0.161NS

% Change 85.8% 99.4% 0.467NS

P-value 
[Intra- 
Group]

Baseline v 
6-Weeks 0.001*** 0.001*** --

The mean 6-weeks post-treatment Flexion and Extension 
Thoraco Lumber difference measurements are significant-
ly higher compared to the baseline Flexion and Extension 
Thoraco Lumber difference measurements in Control and 
Experimental groups (P-value<0.001 for all).
DISCUSSION 
Based on the Statistical analysis mentioned in the Results 
above, our study found that there is a similar effect of both 
Floor and Ball exercises on spinal mobility in Spastic Diple-
gic. Significant improvement was noted in the intra-group 
comparison of both the groups from baseline to post six-
week Intervention as noted in the spinal mobility of Thora-
columbar spine using tape measurements and MMST. 
This improvement in the outcome mentioned above mea-
sures can be attributed to the strengthening of abdominals, 
trunk extensors and lateral flexors, Hip and Pelvic Muscu-
lature given by Floor exercises on the mat in control group 
and Ball exercises in the experimental group using Swiss 
Ball.  Exercises like Curl Ups and Diagonal Curl-ups gave 
both on Floor and Ball targeted to facilitate trunk flexors 
[14,15]. Curl-ups done on Ball provides spinal stabilization 
by fixing upper or lower trunk during exercise and allowing 
gravity to distract the spine by passive lengthening of the 
spinal attachments from the point of stability [15]. Garry 
T. Allison [20] et al. in 2008 explored. The global group of 
core muscles which consists of the large, superficial mus-
cles like rectus abdominals, internal and external oblique 
abdominal, transversus abdominis, erector spine, lateral 
portion quadratus lumborum that transfer force between 
the thoracic cage and pelvis and act to increase intraab-
dominal pressure as the trunk becomes a more solid cyl-
inder by the intra-abdominal pressure mechanism, there 
is a reduction in spinal axial compression and shear loads. 

The attachments of the transversus abdominis and internal 
oblique into the thoracolumbar fascia may enhance spinal 
and pelvic stabilization, because when these muscles con-
tract they tense the thoracolumbar fascia [20]. 

Co–activation of the paraspinal muscles with rectus ab-

dominis, external and internal oblique, and latissimus 
dorsi musculature is known to enhance trunk stability. 
The Floor and Ball curl ups exercise given also served to 
increase the mobility of trunk flexion by concentric work, 
allowing the spinal extensors to be activated in a stretched 
position [14,15].  During Curl up position, the hips are in 
flexed position with pelvis stabilized, thus reducing ante-
rior pelvic tilt and decreasing lumbar hyperextension and 
correcting hyperlordosis [21]. Exercises like diagonal curl 
ups along with dissociation pattern of the trunk on the pel-
vis and lower extremity are known to cause the activation 
and lengthening of trunk extensors and lateral flexors (uni-
laterally) [22].  Mariana Felipe Silva et al. 2012 [23] In their 
study found that the obliques showed greater activation 
during the concentric phase of the traditional curl up and 
roll-up exercise with the Ball. During curl up the position 
itself of the exercise causes greater resistance to the upper 
limbs and upper trunk, thus, the oblique act to prevent ex-
cessive elevation of the thoracic rib cage. Also, the posi-
tioning of the pelvis and the amplitude and direction of 
movement requires trunk stabilization during the exercise, 
and the external oblique muscle contributes to this activity 
[23], this might have been one of the contributing factors 
for the functional improvement seen in   Thoracolumbar 
measurements.
Prone development which activates head and back exten-
sion is frequently poor in a cerebral palsy child. According 
to the Bobaths [1], this position of the child first forms a 
reflex inhibiting posture for flexor tone in lower limb mus-
cles and allows the pelvis to be stabilized15. During the 
prone exercises, like prone on elbows and palms, exercises 
performed on Ball as well as on Floors, improves the sta-
bilization of hip and shoulder. Elongation of abdominal, 
mainly rectus abdominals, oblique’s, transverses abdomi-
nals, iliopsoas, latissimus dorsi, facilitates the spinal exten-
sion.  Isometric actions of rectus abdominis and oblique, 
along with concentric actions of the spinal extensors such 
as erector spinae, quadratus lumborum with co-activation 
of hip extensors, therefore,  outsets the gravitational torque 
to extend the trunk and maintain the pelvis in neutral 
[14,15]. 
This finding was supported by a study done by Norwood 
JT, Anderson GS et all in 2007 [24] in their research de-
scribed the Electromyographic activity of the trunk sta-
bilizers during stable and unstable bench press. Surface 
electromyography (EMG)  measured from 6 muscles (la-
tissimus dorsi, rectus abdominis, internal obliques, erector 
spinae, and soleus) showed significant increases in EMG 
with increasing instability of unstable surface.They con-
cluded that with the position that performing the bench 
press in a progressively unstable environment may be more 
effective in activating the core muscles, while the upper- 
and lower-body stabilizers can be activated differentially 
depending on the mode of unstable surface used [24].   This 
was noted in our in improving postural stability and orien-
tation required by the child for spinal movements during 
weight bearing. 
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Soumya Ghosh, Soma Datta et al. in 2014 [25] studied the 
Comparative study of muscle strengthening exercises for 
the treatment of chronic low backache. Their findings do 
support our results of increased Thoracolumbar ranges in 
the intra-group analysis with no difference in the inter-
group analysis using modified Schober’s test.  Erector spine 
and multifidus group of muscles are more strengthened 
with floor than by Swiss ball exercise.  Trunk mobiliza-
tion in floor exercise results in contraction of global trunk 
stabilizing muscles. Local muscles are strengthened more 
in Swiss ball exercise thus producing segmental stability 
[13,25].
K. Senthil Kumar, K. Madhavi et al.  2014 [26] in their 
study investigated the Effectiveness of Floor Exercises 
Versus Swiss Ball Exercises on Core Stability in Subjects 
with Mechanical Low Back Pain.They came to a conclusion 
that with a five-week protocol there was a significant im-
provement of torque of spinal flexors and extensors, lum-
bar flexibility and pain reduction in both groups [15]. This 
improvement can be as a result of increased force demand 
of the muscle to overcome the heavier loads. As the center 
of gravity moves superiorly, the stability of body decreases 
becomes, as the center of gravity is a greater distance from 
the base of support [26]. 
This was also observed in our study where the mechanism 
for decreased activation of prime movers in the unstable 
conditions we employed could theoretically lead to in-
creased stress associated with the postural demands. The 
body is a linked mechanical system, and it is necessary to 
provide a strong base of support before heavy weightlifting 
[15]. These could be probable reasons for insignificance 
noted in the intergroup analysis obtained in our study 
[27,28,29,30,31,32].
 CONCLUSION
From the results of a present study, we conclude that:  there 
is a similar effect of both Floor and Ball exercises on spinal 
mobility in Spastic Diplegic. Significant improvement was 
noted in the intra-group comparison of both the groups 
from baseline to post six-week Intervention as noted in the 
spinal mobility of Thoracolumbar spine using tape mea-
surements and MMST. The important aspect being any 
form of intervention is necessary for a CP child than no 
intervention at all.
LIMITATIONS
There were a few limitations observed throughout the 
study conducted.   
They are:
•	 A smaller sample size, therefore, the study cannot be 

generalized to the CP population.
•	 Rotation and side flexion of Thoracolumbar spine were 

not measured.
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