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Abstract: Children with spastic diplegia have a variable levels of deficits in balance and postural control. So
the purpose of this study was to determine the effect of ground reaction ankle-foot orthosis (GRAFO) on
balance control in children with spastic diplegia. Thirty children with spastic diplegia, their age ranged from 8
to 12 years old, were participated in this study. They were assigned into two groups of equal number, control
group (A) and study group (B). Group (A) received selected treatment program for three successive months
whereas group (B) received the same program and gait training while wearing GRAFO and during the day. Both
groups were assessed before and after the treatment program using biodex balance system to evaluate the
stability index and pediatric balance scale (PBS). The children in both groups showed statistically significant
improvement in the mean values of all measured variables by significant reduction in stability index and
significant increase in the PBS (P<0.05). The percentage of improvements was higher in group (B) than group
(A) regarding all measured variables. From the obtained results of this study, using GRAFO could be useful
tool in conjunction with physical therapy program for improving balance control in children with spastic
diplegia.
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INTRODUCTION dynamic orthosis). Static orthosis are sustaining the

Cerebral Palsy (CP) is a disease characterized by [6]. Dynamic orthosis maintains joint mobility, stimulate
disability in posture and movement that noticed early in and help normal movement [7]. Ground reaction foot
the child life or even in the infancy period. Its etiology orthosis is one of static orthosis that used in treatment
was found to be due to non-progressive brain damage children  with   diplegia,  it  is  fabricated  from  rigid
that has occurred at pregnancy, labor or may be after plastic device that supports both foot  and  ankle
delivery  [1].  The  most  commonly  observed  disability extending from under the knee joint down to include the
of spastic CP is diplegia as it constitutes (30%-40%) [2]. foot [8]. In previous study it was used in treatment
The lower limbs are more involved  than  the upper limbs children with diplegia, it improves their gait pattern by
in most cases of  diplegia  [3].  Children  with  diplegia improving the extension of knee and ankle in the stance
have a lot of problems in balance which affects motor phase of gait [6]. Ground reaction ankle foot orthosis
function and quality of life [4]. Balance can be defined as maintain the joints in proper alignment, to control knee
the individual ability  to  maintain  his  equilibrium  in a extension at mid stance and compensate for weak or
field of gravity through preserving his center of mass absent gastro-soleus (calf) muscles to control excessive
(COM) over its base of support (BOS) [5].  Orthosis  can dorsiflexion [9]. So the aim of this study was to determine
be  used  with  physical  therapy  for  treating  children effect of GRAFO on balance control in children with
with CP. There are two types of orthosis (static and spastic diplegia.

joints, stretch  spastic  muscles  and  prevent  deformity
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MATERIAL AND METHODS in (cm),  weight  in  (Kg).  Each  child  was  instructed  to

Study Design: Quasi experimental two groups pre- test, bull’s eye on the screen as long as possible during the
post-test design. The present study got its approval from test trail. 
the Committee Ethics in physical therapy college All children were tested at stability level 8 with open
belonging to Ethical committee no. P.T. REC/012/001717. eyes. Three trails were performed, the duration of each

Participants: Among  the  screened  children  with CP was assessed before and immediately after the treatment
only  thirty  children   fulfilled   the   following  criteria. program. The test of stability index includes the
The participating children had confirmed diagnosis of measurement of antroposterior (APSI), mediolatral (MLSI)
spastic diplegic CP. their age ranged from 8 to 12 years and over all stability index (OASI). High values of the
from both sexes. Their heights were more than 100cm and stability index represent a lot of platform movement, less
their weights more than 20kg. Their degree of spasticity stability and difficulty in balance control. Oppositely,
for triceps sure, hamstring and quadriceps muscles ranged stability index lower values mean a better control of
from 1 and 1+ according to Modified Ashworth Scale [10]. balance.
They were in level II based on gross motor functional Measurement of both types of balance; static and
classification system (GMFCS) [11]. They walked with dynamic in children was performed by the aid of Pediatric
crouch gait (flexion hip, knee and dorsiflexion  ankle). balance scale (PBS) [13]. There are 14 items included in
They have the ability to obey simple verbal instructions. such test graded from 0 (unable) to 4 (independent) with
All children with visual, auditory or vestibular problems, a maximum score of 56. A higher score indicating better
any orthopedic surgery at lower limbs (less than 6 months postural control. These items could be summarized as
ago) or fixed deformities of  lower  limbs  and  perceptual follows: 1. Sitting in order to standing 2. Standing in order
or sizures were excluded. All  parents  had  been  informed to sitting 3. Transfers 4. Standing without support 5.
about the study procedure after signing a written consent Sitting without support 6. Standing while closing both
form. The participants were assigned into two groups of eyes 7. Standing with both feet together 8. Standing while
equal number, control group (A) and study group (B). one foot in front the other 9. Standing by only one foot
Each group composed of 15 children. 10. Rotating 360 degrees 11. Rotating in order to look

Outcomes Measures: Measurment of dynamic balance alternate foot on stool 14. Reaching forward without
could be performed with the aid of Biodex balance system stretched arm.
[12]. It has a dynamic multi axial platform, that was set at Each task was demonstrated according to the given
multiple instability degrees. The system consists of instructions as written. Initially children were given trials
support handle, platform and LCD display supplied with for practice on each test item. If any child can’t complete
Epson printer to print the test results. It has eight levels the task because he didn’t understand the commands,
of dynamic platform tilt (level 8 is the most stable whereas another trial could be given. Verbal Visual and verbal
level 1 is the least stable). The LCD display screen located commands were explained via physical prompts. Each item
at eye level for each child to provide visual feedback via has a score from 0 to 4. Multiple trials were allowed on
circular grid that visually show cursor tracing of the many of the items. If the child on the first trial received the
subject’s stability performance. All children in both maximal score 4, additional trial was not administered.
groups received an explanatory session about the test children were instructed to try to preserve their balance as
steps before the evaluation. they could while performing each task.

Procedure: The participant child was  allowed  to  stand Intervention: Control group (A) received selected
on "locked" platform center with his two legs stance. physical therapy program designed for these patients
Then, adjustment of the biofeedback display and support while study group (B) received the same program
rails  for  every  child to guarantee safety and comfort. designed to control group with wearing GRAFO. All
The display was adjusted so that the child could look children in study group wear GRAFO during the exercise
straight at it. After that, introduction of the required and along the day. Each group received a program of
child's parameters to the device as age in (years), height treatment 3 times per week for 3 consecutive months.

do his/her best to maintain the cursor in the middle of

trail was 30 sec. and the mean was calculated. Every child

behind 12. Getting objects from the ground 13. Putting
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Fig. 1: Ground reaction ankle foot orthosis. were  performed  to  compare  mean age, height and

Treatment Procedure: Chi-square  test   to  compare  sex  distribution  among
Selected Physical Therapy Program for Both Groups the two  groups.  For all measured parameters,
(A&B): Physical therapy tools included mats, gravity bar, comparison  of  assessment   before   and  immediately
balance board, rollator, Wooden and soft ramp, rocker after treatment in each group  (A&B)  was  performed
board and foam board were used for conducting the using  paird  t-test,  whereas the comparison of
physical therapy program. The applied protocol for assessment  between  both  groups  before and after
treatment compromised some exercises as follows: treatment   was    carried     out     using   unpaird  t-test.
Facilitation of equilibrium and righting reactions in order P value of less than 0.05 was considered statistically
to enhance the mechanism of postural. Facilitation of significant.
defensive reactions. Training for active extension of the
trunk to enhance balance and postural control. Balance RESULTS
training from different positions, kneeling, half kneeling
and standing. Facilitation for single limb support and As shown in Tables (1, 2, 3), no significant diffrences
weight shifting. Strengthing  exercises  for  trunk  and were  observed  in  the   demographic   characteristics
lower limbs to improve posture. Hand weight bearing to (age, height, weight, spasticity, GMFCS and sex) between
improve hand functions (reaching, grasping and release). the two groups (p > 0.05).

Gait training included sideway, forward and backward
using balance board, gravity bar, rollator and ramp. Each
exercise was repeated 3 times with rest period for 3 min
between exercises [14].

GRAFO for Study Group: An AFO that supports the
ankle and foot and extends from below the knee down to
include the foot. GRAFO is a custom fabricated, molded
plastic device.as illustrated in Fig. (1).

Statistical Analysis: Statistical analysis was conducted
using the software package for social science (SPSS) for
windows version 23. Descriptive  statistics  and  t-test

weight between the two groups. Additionally, using of

Table 1: Comparison of the mean age, height and weight among the study and control groups.
Control group (A) Study group (B)

±SD ±SD MD t- value p-value Sig
Age (years) 9.26±1.03 9.2±1.01 0.06 0.17 0.86 NS
Weight (kg) 30.53±2.79 29.73±1.66 0.8 0.95 0.35 NS
Height (m) 1.32±0.11 1.31±0.1 0.01 0.4 0.68 NS

: Mean MD : Mean difference p value : Probability value
SD : Standard deviation t value : Unpaired t value NS : Non significant

Table 2: The frequency distribution and chi squared test for comparison of sex distribution between the control and study groups.
Control group (A) Study group (B) x p-value Sig2

Girls 5 (33%) 7 (47%) 0.55 0.45 NS
Boys 10 (67%) 8 (53%)
x : Chi squared value p value: Probability value NS: Non significant2

Table 3: Comparison of median values of spasticity and GMFCS grades between the control and study groups:
Control group (A) Study group (B)
Median Median U-value P value Sig.

Spasticity grades 1 1 105 0.71 NS
GMFCS 2 2 112.5 1 NS
U: Mann–Whitney U test value p value: Probability value NS: Non significant
GMFCS: Gross Motor Function Classification System
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Table 4: Comparison between pre and post treatment mean values of APSI, MLSI, OASI and PBS of the control group (A).

Pre Post
Items ±SD ±SD MD % of improvement t- value p-value Sig

APSI 2.44±0.28 2.12±0.27 0.32 13.11 9.38 0.0001 S
MLSI 1.46±0.22 1.24±0.14 0.22 15.06 3.12 0.007 S
OASI 2.14±0.3 1.88±0.21 0.26 12.14 7.39 0.0001 S
PBS 43.86±1.64 46.13±1.24 -2.27 5.17 -8.5 0.0001 S

: Mean MD : Mean difference p value : Probability value
SD : Standard deviation t value : Paired t value S : Significant

APSI: Antro-posterior stability index MLSI: Medio-latral stability index OASI: Over all stability index
PBS: Pediatric balance scale

Table 5: Comparison between pre and post treatment mean values of APSI, MLSI, OASI and PBS of the study group (B).

Pre Post
Items ±SD ±SD MD % of improvement t- value p-value Sig

APSI 2.46±0.27 1.6±0.22 0.86 34.95 10.79 0.0001 S
MLSI 1.45±0.25 1.09±0.17 0.36 24.82 6.88 0.0001 S
OASI 2.28±0.28 1.63±0.19 0.65 28.5 10.6 0.0001 S
PBS 44.4±1.24 48.2±1.56 -3.8 8.55 -9.67 0.0001 S

: Mean MD : Mean difference p value : Probability value
SD : Standard deviation t value : Paired t value S : Significant

APSI: Antro-posterior stability index MLSI: Medio-latral stability index OASI: Over all stability index
PBS: Pediatric balance scale

Table 6: Comparison of post treatment mean values of APSI, MLSI, OASI and PBS between the control and study groups:

Control group (A) Study group (B)
Items ±SD ±SD MD t- value p-value Sig

APSI 2.12±0.27 1.6±0.22 0.52 5.64 0.0001 S
MLSI 1.24±0.14 1.09±0.17 0.15 2.58 0.01 S
OASI 1.88±0.21 1.63±0.19 0.25 3.35 0.002 S
PBS 46.13±1.24 48.2±1.56 -2.07 -3.99 0.0001 S

: Mean MD : Mean difference p value : Probability value
SD : Standard deviation t value : Unpaired t value S : Significant

APSI: Antro-posterior stability index MLSI: Medio-latral stability index OASI: Over all stability index
PBS: Pediatric balance scale

Tables 4 &5 summarized the results of comparison DISCUSSION
between pre and post treatment mean values of stability
index (APSL, MLSL, OASI) and PBS in both groups A, B The purpose of this study was to investigate the
respectively. There were significant lowering values effect of GRAFO on balance control in children with
recorded  for  stability  index  at  level  8  in  both groups spastic diplegia. Postural control was selected to be
(p < 0.05). The percentage of improvement recorded for evaluated in this study because of its role in all motor
group B was better than that for group A. Regarding the functions. Postural control is an integral part of all motor
results of PBS there were significant improvement in both abilities as any defect in postural control will be reflected
groups A&B. the percentage of improvement was better upon all movements [15]. Moreover, Evaluation of
in group B than group A. disorders of postural control has a significant role in

Comparing the results of all measured variables understanding the mechanism of action of the system of
(stability index and PBS) between both groups in postural control [16]. Conducting the study on children
pretreatment indicated no significant diffrences (p > 0.05). aged from 8 to 12 years may be attributed to the fact that
whereas their comparison after treatment as shown in children in this age are able to follow instructions and
table 6 demonstrated significant difference in favor of the procedure needed for their evaluation and treatment [17].
study group B (p < 0.05). This also comes in agreement with Cole et al. who stated
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that children at 7 to 10 years of age are able to resolve a indicated that physical therapy program combined with
sensory conflict and appropriately utilize the vestibular use GRAFO produced better improvement in dynamic and
system as a reference [18]. They add that stability limits static balance compared with 3 months program of
like adult levels at age 7 to 10 years. physical therapy alone. Improvement was noted in both

 Biodex Balance System was used to evaluate groups (control & study) in all measured  variables  after
dynamic postural balance in children according to 3 months of treatment. However, higher improvement was
Beckung et al. [19] who stated that, Biodex Balance achieved in study group. According to previous studies
System enables the  rehabilitation  professional to exercise programs have positive effects on balance and
perform balance testing, identify fall risk candidates, gait via improving muscle strength, increasing
determine status of both knee and ankle and determine synchorization between agonist and antagonist of the
also stability limits. This system provides also balance muscles of the lower limbs and trunk [21]. The results
training like exercises of range of motion, weight shift, might be attributed to the effect of biomechanical changes
stabilization and proprioception. [19]. of knee and ankle joints, as GRAFO correct the pathway

Regarding the  results  of  Biodex  Stability  System, of ground reaction line through the knee and ankle joint
to measure dynamic balance for all participants revealed give extension torque at the knee joint and put the ankle
that, there was no significant differences in the stability joint at neutral position to correct crouch position, So
index including APSI, MLSI and OASI between the GRAFO was used with the planned program of physical
control and study groups pretreatment. There was a therapy treatment to enhance balance and postural
significant decrease in the APSI, MLSI and OASI of the control for diplegic children [22]. At crouch position more
study group post treatment compared with pretreatment. effort is required from knee extensors to stabilize the knee
The stability index values of pretreatment for all the and ground reaction line passes behind the knee axis,
participants reveled an obvious elevation as regards their while muscles are not strong enough to correct plantar
values. This denotes a significant balance problem in flexion/knee extension imbalance in these children leading
those children. And there was also a significant decrease to a less efficient and sustainable gait pattern with more
in the APSI, MLSI and OASI of the control group post potential  for  excessive  patellofemoral  overload  [23].
treatment compared with pretreatment. However, a The result of this study  comes  in  agreement  with  park
significant decrease in the APSI, MLSI and OASI of the et al., who stated that the functional benefit of GRAFO
study group post treatment was more than the control may be due to its ability to reduce the crouch position in
group. This was clear by the significant lowering in children with CP [24]. There are sufficient improvement in
stability index registed after treatment for group B than balance control due to improvement of knee extension by
group A. physical therapy program and  wearing  GRAFO.

In this study, PBS was used to evaluate balance Therefore, the present study results also agree with the
control for diplegic children as its items assess both types other study performed by Lucareli et al., who stated that
of balance (static & dynamic). Therefore, PBS test constrained ankle dorsiflexion in  the  second  rocker
components are functional skills appropriate to tasks that phase of gait controls tibial advancement over the foot
are performed every day. These items can assess the child and yields significant improvement in extension of the
ability to position within decreased  base  of  support  and knee while taking midstance position [6]. Furthermore,
to change and maintain a positions within a set time frame The application of designed physical therapy program
therefore, it can be considered to be objective and give with wearing GRAFO lead to good improvement in
somewhat attention to the quality of movement as it can balance in both groups especially in study group. This is
detect subtle degree of balance affection. Thus, it became also matched with Davids et al. [9] who said that GRAFO
available in clinical performance in a routine manner [20]. is effective in limiting ankle dorsiflexion and reducing knee
The results of PBS revealed that diplegic children flexion in stance by controlling the amount of tibial
representing the sample of this study had balance advancement over the foot while taking the stance
problems as lower score of the PBS indicated disturbance position.
in the balance abilities of those children. While there was
an obvious elevation in the result of PBS within the limitations: The present study has some limitation as
second study group (B) after treatment if compared to that small size of the sample and the deficiency of data about
of the first control group (A). The results of this study the follow up.
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CONCLUSION 13. Franjoine, M.R., J.S. Gunther and M.J. Taylor, 2013.

From the previous discussion of the results and berg balance scale  for  school-age  child  with  mild
according to previous studies. It can be concluded that to moderate motor impairment. Pediatr Physther,
wearing GRAFO while applying physical therapy program 15(2): 114-28.
and daily activities is effective in improving balance 14. Hassanin, M., 2014. Effect of floor reaction ankle foot
control in children with spastic diplegia. othosis on kinematics of gait in children with spastic
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