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ABSTRACT

Background: Cerebral palsy (CP) is a non-progressive encephalopathy before, dur-
ing, or after childbirth with almost the most common type, i.e. spastic diplegic, leading
to a frequent walking problem, In-toeing. Orthoses can reduce the consequences of CP.

Objective: This study aimed to evaluate the effect of combining twister wrap or-
thoses (TWO) with high-top shoes on the balance parameters of children with spastic
diplegic CP.

Material and Methods: In this quasi-experimental study, twenty children
(aged 6.8 £ 0.5 years) with spastic diplegic CP with in-toeing gait participated. The
tests were conducted in three conditions: 1) in bare-foot, 2) with high-top shoes, and
3) with high-top shoes plus TWO and the orthoses effects on balance parameters were
compared.

Results: High-top shoes positively decreased center of pressure (COP) sway in
the anterior-posterior (AP) direction. Both high-top shoes and high-top shoes with
TWO conditions compared to bare-foot conditions significantly improved standing
balance by decreasing the ellipse area. Pairwise, wearing TWO and high-top shoes
significantly reduced the COP sway in the medial-lateral (ML) and AP directions with
a significant difference between using the combined orthoses and the shoe without
TWO in ML of COP displacement.

Conclusion: High-top shoes alone and the combination of high-top shoes with
TWO conditions may enhance the stability of children with spastic diplegia more than
barefoot. Although the use of combined orthoses induced significant improvement in
the ML direction of COP displacement.
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Introduction
erebral palsy (CP) is a type of upper motor neuron disturbance,
leading to abnormal muscle tone and decreasing selective motor
control of the limbs [1]. CP varies based on prenatal care and
socio-economic status, type of delivery, and postpartum care ranging
from two to four patients per 1000 live births [2]. The spastic diplegic
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is the most common type of CP in 32% of all
children with CP [3], resulting in muscle resis-
tance against movement [4, 5].

In spastic diplegic CP, motor deficits and
lower limbs’ spasticity affect walking abil-
ity, causing a walking pattern determined by
equinus ankle, exorbitant knee flexion, genu
valgus, increased hip adduction, and internal
rotation [6]. Moreover, in spastic diplegic,
excessive femoral anteversion and tibial rota-
tion significantly affect the soleus and gluteus
medius muscles. Thus, the lower extremity on
the affected side rotates internally, creating
in-toeing movement. However, poor balance
control is the result of poor walking abilities
[7], in-toeing movement causes walking ab-
normality and disturbances in balance along
with coordination [6-8]. Therefore, providing
stability during dynamic movements and static
positions is inevitable due to inherently poor
balance in spastic diplegic with in-toeing [9].

Occupational therapy, physical therapy, and
orthoses are the most common non-surgical
treatments for children with mild to moderate
deformities [9]. High-top shoes and ankle-foot
orthosis are frequently prescribed to enhance
ankle joint stability in CP patients [10, 11].
Using twister cables or twister wrap orthosis
(TWO) attached to waistbands proximally and
the feet distally [12] aims to control the ab-
normal femoral/tibial rotations with in-toeing
in children with spastic diplegic CP [13, 14].
Although both TWO and twister cables have a
similar functional mechanism, TWO is more
convenient [14] with better effectiveness on
gait parameters than twister cable [14].

Few studies are conducted about evaluating
TWO on CP [13, 14]. According to the results
[15], orthoses with the thigh segment of an
elastic band wrapped around the limb lead to
active rotational forces and changes in the foot
progression angle.

Based on the study of Eid et al. that is the
first and only study in this field and assessed
the effect of combining TWO with ankle-foot
orthoses in children with spastic diplegic CP,

the participants had a better foot pressure
distribution and balance control using TWO
with ankle-foot orthoses than ankle-foot or-
thosis alone [16]. Despite the effectiveness of
high-top shoes in reducing the consequences
of CP [17] and more convenience and cost-
effectiveness of high-top shoes compared to
ankle-foot orthoses, the effects of TWO and
high-top shoes on postural balance in children
with CP is still unclear. Therefore, the present
study aimed to evaluate the combined effect
of TWO with high-top shoes on balance pa-
rameters of CP children. We hypothesized that
TWO through creating out-toeing moments
can increase the patient’s base of support and
improve balance. Thus, using TWO for in-
creasing balance in the ML direction might be
reasonable.

Material and Methods

Subjects

In this quasi-experimental study, twenty
spastic diplegic CP children (aged 6.8 £ 0.5
years old) with in-toeing gait were referred
by an orthopedic surgeon to a biomechanics
laboratory of Shahid Beheshti University. The
inclusion criteria were: 1) ages ranging from
six to eight years old, 2) spastic diplegic with
in-toeing gait, 3) Gross Motor Function Clas-
sification System (GMFCS) criteria of level 1,
and 4) walking ability independently, but with
problems in velocity, balance, and coordina-
tion [18]. The exclusion criteria consist of as
follows: 1) a history of orthopedic surgery or
botulinum toxin injection up to six months
before the study [19], 2) lower limb fracture
along with subluxation or dislocation of the
lower limb joints [20], and 3) difficulty in
hearing or vision [13]. Before recruiting, the
purpose and study procedure were explained
to the parents of all children, and a written in-
formed consent form was signed before doing
the tests on their children. The Ethics Com-
mittee also approved the study protocol (IR.
SBMU.RETECH.REC.1399.372).
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Sampling size

The sample size was calculated by G pow-
er software considering power 80% and Alfa
0.05[16].

Interventions

High-top shoes

The shoes’ characteristics consist of 1) a
sufficient width to reduce pressure on the me-
dial and lateral sides of the feet, 2) reinforced
medial counter to enhance rearfoot control,
3) shock absorber insoles, and 4) a high toe
box with forefoot flexion and extension. Ac-
commodative insoles were placed in the shoes
to distribute the foot pressure evenly. All the
high-top shoes were designed and fabricated
for each patient individually and an expert or-
thotist approved their appropriateness.

Twister wrap orthoses

A TWO was custom-made for each child
based on his/her size and an expert orthotist
was responsible for donning the TWO for each
child, while the child stood upright. Then the
elastic strap was wrapped twice around his/
her lower leg continuously in the lateral direc-
tion (once below the knee, and then above it)
and affixed to a thermoplastic pelvic belt that
covered the pelvis at the proximal [21]. TWO
was easily attached to the shoes (Figure 1). A
clinical criterion was used to determine the
amount of the strap strain, adjusted when the
child’s feet were positioned in a 5-degree toe-
out [22]. To set the child’s feet in the proper
toe-out angle, a two-arm goniometer was uti-
lized. The long axis of the foot (from mid-heel
to the second toe) was marked with a red line
on each shoe. The strain amount of the strap
was tolerable for all participants.

Data collection

All tests were conducted at the biomechan-
ics laboratory of Shahid Beheshti University,
while each child stood on a force platform
(Bertec, Columbus, Ohio, USA) for the 20s
(frequency of 100 Hz) [23]. The data extracted
from the force plate were the center of pres-
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Figure 1: Twister Wrap Orthosis

sure positions in x (anterior-posterior (AP))
and y (medial-lateral (ML)) axes. Three dif-
ferent test conditions were recorded for each
child as follows: 1) the child stood bare-foot,
2) the examiner put the child on the high-top
shoes (both feet) while standing on the force
plate, and 3) the shoes and the TWO were ap-
plied together and the test was then conducted.
Moreover, each test was done three times with
a two-minute rest interval between the repeats
[21, 24, 25] and each child wore an orthosis
for 15 mins and walked in a laboratory envi-
ronment before each test condition to accom-
modate the interventions.

Data analysis
A low-pass barter filter was applied to the
data with a cut-off frequency of 5 Hz [26]
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in MATLAB software (Math Works, Natick,
MA, USA). The main outcome was balance
analysis with the following parameters: the
standard deviation of displacement and veloc-
ity of the center of pressure for both the AP
and the ML directions, the mean velocity of
the center of pressure, the total path length of
the center of pressure displacement, and the
95% confidence ellipse area. An ellipse was
considered as a plane curve surrounding two
focal points; therefore, the sum of the two
distances from the focal points is constant for
all points on the curve [23]. The ellipse area
explains fluctuations of the center of pressure
and the changes in phase plane portrait for AP
and ML directions. In addition, the total (over-
all) phase was calculated [24] (Table 1).

Statistical analysis

All the statistical analyses were done using
SPSS software version 20.0, data normality
was checked using the Kolmogorov-Smirnov
test, and data were reported as mean and stan-
dard deviation. For comparing between the
three conditions: 1) in barefoot (without inter-
vention), 2) with high-top shoes, 3) with the
high-top shoes and twister wrap orthoses, all
the mentioned parameters (section 2.4) were
compared with repeated measure one-way
analysis of variance (ANOVA) and Bonfer-
roni post hoc test. Pairwise comparisons were
done to examine the main effects from repeat-
ed measure ANOVA with the level of signifi-
cance was 0.05.

Results

Twenty children with spastic diplegic CP
with in-toeing participated in the present study
(14 boys, six girls, aged 6.8 + 0.5 years old).
According to the Kolmogorov-Smirnov test,
all data had a normal distribution. Tables 2
and 3 show the effect of conditions on the de-
pendent linear variables. In addition, the pair-
wise comparisons (Table 4) show the results
of the Bonferroni post hoc test for the main
effects (standard deviation of center of pres-

sure displacement in the ML, velocity in the
AP and ML, total phase plane portrait, and el-
lipse area).

Using both high-top shoes and combining
high-top shoes with TWO reduced the amount
of displacement and velocity of the center of
pressure in both AP and ML directions (Table
2). Among these parameters, standard devia-
tion of center of pressure displacement in the
ML (P < 0.001) and velocity of displacement
in both AP (P=0.03) and ML (P = 0.04) direc-
tions were significantly decreased. The phase
plane was decreased in both interventions for
both the ML and AP directions, while it was
only significant in the total phase (P = 0.03)
(Table 3). The path length parameter was
failed to decrease significantly, but the ellipse
area showed a significant effect (P <0.001) of
interventions on the center of pressure sway
(Table 3). The pairwise comparison revealed
that wearing TWO along with high-top shoes
significantly reduced the standard deviation in
the ML direction (P < 0.001) (Table 4). The
high-top shoes were significantly effective in
the standard deviation of the velocity towards
AP direction (P = 0.02). Moreover, a signifi-
cant difference was found using the combined
orthosis and the shoe without TWO in velocity
parameters (P =0.03 and 0.01 for AP and ML,
respectively) (Table 4). Both interventions
were significantly improved standing balance
by decreasing the ellipse area (P < 0.001) (Ta-
ble 4).

Discussion

Balance control is a crucial outcome for ac-
tivities controlled by the neuromuscular sys-
tems and maintained by proprioceptive, ves-
tibular, and visual feedback. Deficits in balance
control are a major limitation in children with
CP [16]. Therefore, the present study aimed
to investigate the effect of using two types of
conservative treatments on the balance param-
eters of patients with spastic diplegic CP with
in-toeing. Based on the results of the present
study, high-top shoes decreased the center of
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Table 1: Formulae used to calculate the center of pressure parameters.

Definition(unit) Direction Symbol Formula
Z 2
SD of displacement in AP Direction (mm) AP o, o = (xl. ” x)
! N -1

O-VX =
SD of Velocity in AP Direction (mm/s) AP g, '
v, = X(iv) 7 i
t(i+1) —
Phase plane portrait (arbitrary unit) in AP AP (o 0 + 0
SD of displacement in ML Direction (mm) ML o, o = M
g N -1
SD of Velocity in ML Direction (mm/s) ML o, '
Phase plane portrait (arbitrary unit) in ML ML o, o, = O'j + O'sz
— T
Mean Total Velocity (mm/s Total V = 1 2
y( ) V :_Z\/('XHI ) (yi+1 yz)
T3
4 2 2
Path Length(mm) Total PL PL= (%0 —x) +(u—¥)
t=1
Phase plane portrait (arbitrary unit) in both ML
plane portrat (arbirary uni) AP-ML o o = o’ +0°
and AP (total phase) r ¥ v

A=27F o505 - 2]\/630-,5 _O-fy

ny:z(xi_f)(yi_.)—}) |
N

Ellipse Area Total A

SD: Standard deviation, AP: Anteroposterior direction, ML: Mediolateral direction, ¢ : SD of displacement in AP, & _: SD of
Velocity in AP, ¢ : phase plane portrait (arbitrary unit) in AP, o, SD of displacement 1 in ML, g, : SD of Velocity in ML o, : phase
plane portrait (arbltrary unit) in ML, ]/ : Velocity, PL: Path length o,: Total phase, A: Ellipse area
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Table 2: Mean (SD) of aforementioned parameters in the three test conditions.

o o o o (o] 174
Conditions x y vx 4
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Barefoot 9.6 (4.2) 6.47 (2.2) 42.1(10.1) 31.1(9.5) 45.8 (13.2)
Shoe 6.2 (3.7) 5.5(1.1) 40.7 (8.7) 28.5(7.3) 43.6 (9.5)

Twister + shoe 5.63 (2) 4.3 (1) 37.4(6.7) 28.8 (6.4) 419(7.2)

P-value 0.18 *P < 0.001 *P=0.03 *P=0.04 P=0.09
Effect size (n?) 0.03 0.70 0.31 0.41 0.10

SD: Standard deviation, o : SD of displacement in AP (Anteroposterior direction), o : SD of displacement in ML (Mediolateral
direction), o, : SD of Velocity in AP, 5, : SD of Velocity in ML, J : Velocity, Practical/clinical meaningfulness was estimated

using the partial eta squared effect size (n?) from ANOVA, where values > 0.01, > 0.06, and > 0.14 indicated small, medium, and

large effect sizes, respectively.

*: Significant effects (P<0.05)

Table 3: Mean (SD) of aforementioned parameters in the three test conditions

o o (o o PL A
Conditions > o !
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Barefoot 43.4(13.1) 31.8 (14.2) 54.4 (8.3) 228.8 (72.4) 905.5 (156.2)
Shoe 41.2 (8.7) 28.7(7.4) 50.1(10.8) 216.2 (47.3) 363.7 (105.4)
Twister+ shoe 37.9(6.9) 29.01 (6.4) 47.4 (8.35) 209.3 (36.6) 329.4 (123.7)
P-value P=0.29 P=0.18 *P=0.03 P=0.21 *P <0.001
Effect size (n?) 0.03 0.10 0.33 0.08 0.84

SD: Standard deviation, ¢_: phase plane portrait (arbitrary unit) in AP (Anteroposterior direction), o _: phase plane portrait (arbi-
trary unit) in ML (Mediolateral direction), ¢ : Total phase, PL: Path length, A: Ellipse area. Practical/clinical meaningfulness was
estimated using the partial eta squared effect size (?) from ANOVA, where values > 0.01, > 0.06, and > 0.14 indicated small,

medium, and large effect sizes, respectively.

*: Significant effects (P < 0.05)

pressure sway in the AP direction, and wear-
ing a high-top shoe with a strong counter
could increase patients’ balance parameters
just in the AP direction compared to the bare-
foot condition. Moreover, the combine TWO
and high-top shoes could significantly reduce
the center of pressure sway in both ML and AP
directions for children with spastic diplegic
CP, resulting in improving balance. High-top
shoes alone also caused balance improvement
through supporting ankle [17,28].

Children with spastic CP commonly have
poor ankle control and initial contact with
the forefoot during walking [27]. The present
study results showed that wearing a high-top

shoe alone with a strong counter could im-
prove patients’ balance parameters just in the
AP direction compared the bare-foot condi-
tion. This confirmed the findings of previous
studies that indicated high-top shoes resulted
in balance improvement through ankle sup-
port [17, 28].

Although children with CP often suffer the
internal rotation of the hip caused by in-toeing
gait [29], the most common of this problem is
a failure of physiologic correction of femoral
torsion. When increased femoral anteversion
is proved with some problems, the correc-
tion is recommended by a femoral derotation
through orthoses [30]. According to these find-

0\
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Table 4: Comparison of aforementioned parameters between two conditions.

Barefoot Vs Shoe Vs

Variable Statistical characteristic Barefoot Vs Shoe . ]

Twister+shoe Twister+shoe

Mean Difference (SD) 1.5(0.21) 3.2(04) 1.7(0.11)

% P-value P=0.21 *P <0.001 *P <0.001

o Mean Difference (SD) 3.9(0.51) 4.2 (0.33) 0.3 (0.06)

V" P-value *P=0.02 *P=0.03 P=0.48

Mean Difference (SD) 1.6 (0.12) 2.3(0.24) 0.7 (0.11)

Ty P-value P=0.11 *P=0.01 P=0.39

o Mean Difference (SD) 3.5(0.47) 5.2(0.6) 1.7 (0.21)

" P-value P=041 *P=0.03 P=0.54

A Mean Difference (SD) 302 (41) 576 (59) 274 (44)

P-value *P < 0.001 *P < 0.001 P=0.14

SD: Standard deviation, o : SD of displacement in ML (Mediolateral direction), o, : SD of Velocity in AP (Anteroposterior direc-
tion), 0, SD of Velocity in ML, o : Total phase, A: Ellipse area, VS: Versus

*: Significant effects (P < 0.05)

ings, adding a TWO to high-top shoes signifi-
cantly decreased both AP and ML directions
of center of pressure velocity with improving
the patient’s in-toeing. However, comparing
the condition of high-top shoes with the high-
top shoes along with TWO showed a signifi-
cant difference in COP displacement in ML
direction. The present study confirmed Eid et
al study results who investigated the effective-
ness of TWO on balance control and demon-
strated TWO induced a transverse plane cor-
rection of misalignment of the lower limb [13]
that is in agreement with the results of West-
berry et al. study, i.e. the use of TWO could
lead to control hip internal rotation [31]. Mor-
ris reported that unlike the TWO, twister ca-
bles often lead to walking more slowly in CP
children because those increase stiffness in the
lower limb, thereby making them harder for
the child to walk [32]. The results of another
study showed the positive effect of TWO in
spatiotemporal gait parameters, whereas the
twister cable was not effective on these param-
eters [14]. Moreover, it has been anticipated
that TWO could reduce the falling rate, which
has a relationship with a lack of balance in the
ML direction in patients with spastic diplegic

CP [33]. An investigation reported increased
balance and improved alignment of the lower
limbs resulting from the lower limbs rotation
to the outside and the increased feet contact
with the ground using TWO [21]. Since pa-
tients’ balance and base of support usually
can have an improvment after increasing foot
contact, the risk of falling can be also reduced
[34].

Hence, prescribing TWO for patients with
spastic diplegic CP, especially those who suf-
fer from the lack of standing balance, is reason-
able and suggested. As mentioned previously,
the reason for the positive effect of TWO is
probably due to the alignment correction be-
tween the lower limb segments while moving
or standing [14]. The muscles reached their
normal position with achieving the appropri-
ate stretch and reducing balance-inappropriate
moment [30].

Thus, using TWO with high-top shoes can
significantly improve the position of the bal-
ance parameters in the ML direction of the
center of pressure and be recommended for
children with spastic diplegic CP. To the best
of our knowledge, this was the first study
regarding the effect of TWO attached to the

J Biomed Phys Eng 2022; 12(1)
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high-top shoes on balance parameters and the
findings confirmed that combined use of TWO
and high-top shoe is more effective in improv-
ing balance compared with the high top shoe
alone.

TWO provides gentle correctional forces
to the lower limb and position muscles in the
optimal length and better align the lower limb
[14]. However, further research with a long-
term follow-up is needed to evaluate the effect
of TWO on lower limb muscles behavior. Lin-
ear analysis is a statistical summary of data,
while nonlinear analyses identify the underly-
ing structural and dynamic properties of body
stability. Further, linear analysis can provide a
satisfactory answer to the question of this re-
search concerning the effect of adding TWO
to the high-top shoes. More advanced analy-
sis such as nonlinear analysis of the center of
pressure in the future studies might provide
better insight into the regularity of the dynam-
ics of the center of pressure displacement dur-
ing postural tasks.

Lack of follow-up period as well as control
group, assessment of only one type of CP, and
non-randomized test conditions were some of
the limitations of this study. Therefore, further
studies are suggested to consider these limita-
tions.

Conclusion

High-top shoes alone and high-top shoes with
TWO conditions might improve the balance
of children with spastic diplegia more than
barefoot walking. High-top shoes alone could
improve postural balance in the AP direction
of the center of pressure and high-top shoes
with TWO improve the lower limb alignment
and reduce the center of pressure sway in both
ML and AP directions, i.e. combining high-top
shoes with TWO may have more positive ef-
fects on improving balance parameters in chil-
dren with spastic diplegic CP.
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