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Abstract.

PURPOSE: This study examined the effects of a dynamic neoprene orthosis on kinematic variables of gait in children with
spastic bilateral cerebral palsy (CP).

METHODS: Five children (whose median age was 9.6 years and who ranged in age from six to 12) with spastic bilateral
CP and flexed knee at levels I-III of the Gross Motor Function Classification System were examined using kinematic gait
analysis in three different conditions: 1) with dynamic neoprene orthosis; 2) without dynamic neoprene orthosis (immediate
effect); and 3) without orthosis after six weeks of intervention.

RESULTS: The comparison between condition one (with dynamic neoprene orthosis) and condition two (without dynamic
neoprene orthosis) demonstrated the existence of improvements in minimum hip and knee flexion variables. Moreover, the
results indicated that the improvements remained constant in several key gait variables after six weeks.

CONCLUSION: The results varied from subject to subject, and there were signs of improvement in some of the subjects.
Therefore, it was not possible to draw conclusions at a group level. Nonetheless, a number of individuals may benefit from
this type of orthosis.
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1. Introduction 22% of children with CP are categorized as spastic
bilateral CP with various levels of severity, which

Cerebral palsy (CP) is a group of disorders that often impacts their gait [3]. One of the most com-
affect movement and posture and is associated with mon pathologic gait patterns in children with CP is
limitations in activities such as walking [1, 2]. Around crouch gait [4, 5]. This gait pattern is accompanied

- by increased hip and knee flexion and the dorsiflex-
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also require them to be dependent upon caregivers for
assistance with activities of daily living [6, 7]. Some
interventions that reduce crouch posture include pos-
tural training, surgery, and orthotic management [8,
9].

A variety of rigid and dynamic orthoses can be
prescribed to improve gait in children with CP [1].
New technologies have been introduced into reha-
bilitation programs to promote and/or enhance the
engagement of children with CP in a variety of phys-
ical activities and tasks. Since the 1990s, different
types of therapeutic suits, such as TheraTogs (TT)
and TheraSuit (TS), have been used for children with
CP. TT is an orthotic undergarment suit and strapping
system that is suitable for children with sensorimotor
impairment. It is a new modality used for improv-
ing postural alignment and stability, movement skill
and precision, and joint stability [22]. TS is a soft
dynamic proprioceptive orthosis consisting of vest,
shorts, knee pads, and specially adapted shoes that
aligns the body by placing pressure on specific areas
using a system of interconnected elastic cords [11].

Furthermore, Lycra garments known as dynamic
orthoses have also been used for this population
[10] as well as adults who suffer from neurologic
and rheumatologic conditions [11, 12]. These tight,
custom-made garments [13] exert a compressive or
tensile force on the body, which can reduce high
muscle tone, soft-tissue contracture, and involuntary
movement [10]. In addition, they can improve postu-
ral alignment [2, 13]. Recent studies have suggested
that dynamic Lycra garments provide patients with
an immediate and continuous improvement in bal-
ance, proximal joint stability, and postural readiness
for movement [2].

For example, Martins et al. [11] evaluated the
immediate effect of a dynamic orthosis on gait pat-
terns in children with unilateral spastic CP (US-CP).
Seven participants with US-CP, level I-II on the Gross
Motor Function Classification System (GMFCS),
were examined using kinematic gait analysis in three
different conditions: (A) at baseline; (B) TS with-
out elastics; and (C) TS with elastics. Significant
improvements were observed at the hip and knee joint
during most of the gait cycle in participants who wore
a'TS. This kind of suit seemed to provide the patients
with a more functional and safer gait pattern [11].
Mathew et al. showed that dynamic elastomeric fab-
ric orthoses (DEFO) were able to positively affect
the walking patterns of some children with spastic
bilateral CP [12]. Bahramizadeh et al. reported that
a dynamic neoprene orthosis could reduce crouch

posture without causing adverse effects on postural
stability in children with CP; however, postural con-
trol did not improve in a six-week time frame [13].
Despite increasing interest in dynamic elastomeric
orthoses, there are few studies in this area, and a num-
ber of the studies that have been published have not
used appropriate outcome measures. Moreover, most
of the pertinent studies have focused on the problems
of this suit, such as the difficulties that children with
CP experience in wearing orthotic garments [10].
The present study aimed to investigate the effects of
dynamic neoprene orthoses encompassing the lower
limb and pelvis on kinematic gait variables in children
with CP.

2. Materials and methods

In this study, a case-series analysis approach was
adopted based on the hypothesis that the identifica-
tion of individual variation in treatment responses is
an essential step in advancing evidence-based prac-
tice in the rehabilitation of children with CP [14].
The researchers adopted this approach because the
use of mean group differences does not reveal the
effectiveness of the intervention for each partici-
pant. Furthermore, the case-series analysis approach
ensures that positive outcomes are produced for all
of the children with CP [14].

2.1. Subjects

Five children with spastic bilateral CP, who ranged
in age from six to 12, were selected from two non-
profit rehabilitation centers in Tehran, namely the
Valiasr Rehabilitation Center and the Sadra Center.
These centers offer specialized rehabilitation services
to children with CP. In this study, the inclusion cri-
teria involved: 1) a diagnosis of spastic bilateral CP
with crouch gait or flexed knee, 2) 1 to 1 + spasticity
level of the triceps surae and hamstrings based on the
Modified Ashworth Scale [15], 3) GMFCS level I, I1
or [II[16], 4) the ability to walk without support for at
least five meters, 5) patient cooperation, and 6) patient
and parental consent. The exclusion criteria were: 1)
fixed flexion contracture in hip and/or knee joints,
2) knee flexion >30° throughout the stance phase of
gait (severe crouch gait) [13, 17, 18], 3) treatment
injections of botulinum toxin, and 4) a history of neu-
rosurgical and orthopedic surgeries in the past 1.5
years. The Human Research Ethics Committee of the
University of Social Welfare and Rehabilitation Sci-
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Fig. 1. Posterior and lateral views of the dynamic neoprene orthosis used in this study showing the position and mounting arrangement of
the markers. (Two markers of 17 markers on iliac crests are not visible in these photos.) The parents’ consent has been received to use these

photographs.

ences approved the study protocol. In addition, the
subjects’ parents read and signed the consent form
before the onset of the study.

2.2. Intervention

The orthoses were developed using neoprene
fabrics and custom-made for each patient; each par-
ticipant was measured individually by a certified
orthotist (Fig. 1). There were not any reinforcements
with additional plastic boning at any point. The fabri-
cated elastic pants completely covered the lower limb,
encompassed the pelvis, stretched distally below the
malleolus and approximately above the iliac crests
[12], and were zipped on the lateral side of each
extremity.

2.3. Procedure

Each participant was evaluated in two sessions with
a six-week interval (baseline and after six weeks).
Three-dimensional (3D) data of lower limb move-
ments were collected using a motion analysis system
(Vicon 460 motion analysis system, Oxford, UK) ata

frequency of 100 Hertz (Hz). In the baseline session,
anthropometric measures (height, body weight, tib-
ial length, distance between the femoral condyles or
diameter of the knee, distance between the malleoli
or diameter of the ankle, distance between the ante-
rior iliac spines, and thickness of the pelvis) were
determined first without dynamic orthosis and then
with the garment on. Then, 17 retro-reflective mark-
ers were fixed directly on the skin using double-sided
adhesive tape at anatomical landmarks of the pelvis
and the lower extremities, which were identified by
palpation. Marker attachments followed the Plug-in-
Gait protocol (Fig. 1). The reference position was
determined after collecting the marker data for five
seconds (s) with and without the orthosis. Before
beginning to capture data while walking, the subjects
took practice walks wearing the dynamic orthosis.
Next, the participants were instructed to walk up
and down at a comfortable walking speed and then
asked to stop after about 20 minutes (min); this pro-
cedure was repeated three times with 20 min rest
breaks between each trial. Kinematic variables were
recorded for each lower limb both with and with-
out the orthosis. In the same session, lower extremity
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Table 1

Characteristics of the patients who participated in this study. Kg =kilograms; cm = centimeters; BMI =body
mass index; GMFCS = Gross Motor Function Classification System

Participants Gender Age, in years Weight (kg) Height (cm) BMI GMFCS

1 Female 11 28.9 122 194 3

2 Male 10 232 118 16.7 3

3 Male 15 46.8 170 16.2 2

4 Male 7 21.3 116 15.8 1

5 Female 5 15.2 103 20.7 2
Table 2

Spatiotemporal variables. The mean and standard deviation (SD) of cadence and stride length in three trials in each condition

Variable Cadence (steps/minute) (SD) Stride length (meter) (SD)

A B C A B C
Case 1 47 (5.5) 61 (3.6) 62 (6.1) 0.44 (0.05) 0.42 (0.23) 0.42 (0.08)
Case 2 52(2.8) 57 (2.8) 57 (7.9) 0.50 (0.06) 0.64 (0.15) 0.52 (0.06)
Case 3 30.2 (2.8) 29 (5.3) 37 (3.5) 0.57 (0.14) 0.72 (0.08) 0.65 (0.08)
Case 4 34 (3.1) 33.01 (3.6) 59 (11.1) 0.46 (0.07) 0.36 (0.07) 0.59 (0.08)
Case 5 42 (7.8) 43 (6.4) 58 (8) 0.15 (0.01) 0.17 (0.06) 0.34 (0.06)

A: Without orthoses (baseline) B: With orthoses (baseline) C: After six weeks (without orthoses).

markers were placed on the garments as closely as
possible to the given points. The participants walked
along a six-meter walkway and data was captured
with and without the orthosis.

Following the baseline session, the children were
asked to wear the dynamic neoprene orthoses for six
weeks for approximately 4-6 hours per day [12, 19].
In the second session, after six weeks, the data gath-
ering procedures were repeated.

Kinematic variables were examined under three
test conditions: 1) walking without orthoses in base-
line, 2) walking with orthoses in baseline, and 3)
walking without orthoses after six weeks.

2.4. Statistical analysis

Acquisition and processing of the biomechanical
data were performed with the Vicon system by using
Nexus Software, version 1.8.5. The kinematic data
were analyzed with the Plug-in- Gait model [20],
which is widely used in clinical gait analysis [21].
All of the data used in this analysis were previously
archived in folders and exported to Microsoft Excel
files. Each file stored the task and evaluation data that
were collected on one of the participants. The gait
cycles of each trial were identified by observing the
data and determining the moment of initial contact
and toe off. The mean and standard deviation values
of kinematic data, including the minimum and maxi-
mum flexion of the hip and knee joints, cadence, and
stride length were reported.

3. Results

Five children with spastic bilateral CP (two
females and three males) participated in this study.
The subjects’ mean weight, mean age, and mean
height values were 27.1 kilograms, 9.6 years, and
120 centimeters respectively (Table 1). Spatiotempo-
ral variables including cadence and stride length are
provided in Table 2. Kinematic data in the sagittal
plane of the right lower limb, including the maxi-
mum and minimum angles of flexion in the hip and
knee joints, are shown in Table 3. Figures 2 and 3
show hip and knee patterns in the sagittal plane in
five participants with and without dynamic neoprene
orthosis.

In case one, cadence increased both immediately
and after six weeks of intervention, and there was
no change in stride length. Moreover, considerable
decreases were observed in the mean maximum and
minimum knee flexion with the neoprene dynamic
orthosis immediately after the intervention.

In case two, spatiotemporal variables, cadence,
and stride length increased with the dynamic ortho-
sis immediately after the intervention. Nonetheless,
there were not any changes after six weeks of
intervention. Indeed, all of the kinematic variables
decreased immediately after the intervention. In
this case, the decreased mean minimum hip and
knee flexion remained constant after six weeks of
intervention.

In case three, cadence increased only after six
weeks of intervention, and stride length increased
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Table 3
Kinematic variables of hip and knee joints. The mean and standard deviation (SD) of three trials in each condition. Max = maximum;
min = minimum

135

Mean max hip

Mean min hip

Mean max knee

Mean min knee

flexion (SD) flexion (SD) flexion (SD) flexion (SD)
A B C A B C A B C A B C
Case 1 43 (2) 38 (0) 41 (1) 9(5) 13 (5) 15(2) 65 (7) 52(2) 57 (3) 37 (1) 28 (1) 35(D)
Case 2 55(5) 51(3) 63 (4) 15 4) 9(2) 9(7) 64 (6) 49 (5) 70 (5) 21 (2) 19 (7) 15(2)
Case 3 35(2) 38 (3) 29 (5) 5@3) 0(@3) -7(2) 63 (1) 52 (4) 55(2) -3(D) 8(2) 5(0)
Case 4 19 (3) 17 (1) 22 (0) -10 (3) -3(0) -12.(2) 47 (1) 372 50 (3) 10 (1) 4 (0) 503)
Case 5 48 (1) 33(2) 58 (8) 34 (4) 37 (0) 21 (5) 57 (6) 51(2) 69 (4) 36 (8) 29 (1) 23 (4)

A: Without orthoses (Base line) B: With orthoses (Base line) C: After 6 weeks (without orthoses).
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Fig. 2. Hip pattern in sagittal plane without and with dynamic neoprene orthosis.
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Fig. 3. Knee pattern without and with dynamic neoprene orthosis Flex = flexion; ext = extension.

immediately and after six weeks. All of the kinematic

variables decreased in this case.

In case four, the spatiotemporal variables increased
noticeably after six weeks of intervention. More-
over, the mean minimum knee flexion decreased with
dynamic orthosis immediately and after six weeks

(Table 3).

In case five, increases in cadence and stride length
were observed, but the kinematic variables decreased
in the knee and hip joints.

Figure 2 shows the hip joint sagittal plane angu-
lar displacements in the five children during a gait
cycle. Most of the participants showed a tendency to
have a lower hip flexion pattern while wearing the
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dynamic neoprene orthosis. Figure 2 also shows the
smoothness in hip joint movement with dynamic neo-
prene orthosis, especially in case three. Jerking was
not observed (Fig. 3).

4. Discussion

One of the gait patterns common to children with
spastic bilateral CP is the crouch gait pattern, which
involves hip and knee flexion and foot dorsiflexion.
The present study explored the effects of custom-
fabricated neoprene dynamic orthoses on the gait
variables of five children with spastic bilateral CP.

Cadence increased immediately and after six
weeks in three of the cases, but not in case three or
four, in which cadence increased only after six weeks.
One study that used full-body Lycra garments worn
for at least six hours per day for six weeks reported
improvements in proximal stability, which resulted in
improvements in self-help and mobility [2]. Consid-
ering the effects of dynamic orthosis on most of the
variables after six weeks in the current study, the dura-
tion of time a dynamic orthosis is worn may improve
its effectiveness. Nonetheless, the ideal duration of
wearing this type of orthosis has not been determined
[22].

A few previous studies have evaluated spatiotem-
poral variables in Lycra dynamic orthoses: Flanagan
et al. examined the kinematics of the lower limb
joints, and Rennie et al. focused on the gait patterns of
children with CP [2, 22]. In the current study, stride
length increased in all of the cases except for case
one, in which there was a very small increase in stride
length after six weeks of intervention.

The minimum and maximum flexion were ana-
lyzed in hip and knee joints (Table 3). The mean of
the maximum flexion of the hip in a cycle of gait in
the normal kinematics of the hip joint is 40 degrees.
On the other hand, the maximum extension (or min-
imum flexion) of the hip joint is zero and 10 degrees
in 38% and 50% of the gait cycle respectively [23].
In case two and case five, the mean of the maximum
flexion of the hip joint decreased with dynamic ortho-
sis immediately after the intervention. However, there
were not notable changes in the other cases. More-
over, the mean of the minimum hip flexion decreased
immediately and after six weeks in all of the cases
except for case one. This decreasing trend moved
towards normative data, which supports the results
of two previous studies. One of these studies exam-
ined walking in children with CP using TT garments

and strapping, which ensured that the participants’
pelvic and hip kinematic gait data were similar to
the data of children who developed typically [22].
The other study suggested that TS, which is simi-
lar to the dynamic orthosis used in the current study,
reduced the greater hip flexion pattern during a gait
cycle [11]; it is believed that this result may stem
from the abdominal and back extensor strapping that
attempts to facilitate the core trunk stabilizers.

The range of motion of the normal knee joint in a
gait cycle is 0-70 degrees [23] but may vary accord-
ing to the characteristics. The mean of the maximum
knee flexion in a gait cycle is 65 degrees and occurs
in 70% of the normalized gait cycle. On the other
hand, the mean of the minimum knee flexion is about
three degrees and occurs in 40% of the phase of gait
cycle [23]. In this study, there were decreases in the
maximum knee flexion with dynamic orthosis in all
of the cases immediately after the intervention. How-
ever, there were not any significant changes in some
of the cases after six weeks of intervention. This result
shows that dynamic orthosis can impose a number of
limitations on the movement of the knee joint, which
controls knee flexion in the stance phase. In all of
the cases, the mean of the minimum knee flexion
decreased immediately and after six weeks of inter-
vention. This type of dynamic orthosis decreased the
mean of the minimum hip and knee flexion in the gait
cycle of patients with a crouch gait pattern, confirm-
ing the immediate effects of this type of orthosis on
gait kinematics, as well as after six weeks of wearing
the orthosis in some of the cases. Likewise, Martins
et al. [11] reported that using TS improved the knee
and hip joints and decreased flexion patterns. Another
previous study showed that dynamic Lycra garments
were able to provide patients with an immediate and
continuous improvement in balance, proximal joint
stability, and postural readiness for movement [2].

The results of this study revealed that wearing
dynamic neoprene orthoses could decrease knee flex-
ion in walking. DEFO is similar to an external
extension assist and can provide knee and hip exten-
sion moments. Consequently, it may decrease the
crouch position in some children with spastic diple-
gia. Based on the findings of this study, the change in
the ranges of motion of joints with dynamic orthoses
may be related to the controlling and restriction
effects of orthoses during gait along with the cor-
rection of biomechanical alignments.

The results of the current study support previ-
ous studies that demonstrated that Lycra can be
considered as a possible mechanism to achieve func-
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tional improvements. In a previous study, it was
reported that using neoprene stabilizing pressure
input orthoses (SPIO) resulted in improvement in
movement control and balance [24]. This study by
Hylton et al. focused on the direct deep pressure on
the skin and the increased internal soft-tissue pressure
[24], the latter of which affects both mechanical sta-
bility and pressure receptors. Limb position and body
awareness can improve when deep pressure recep-
tors provide usable information and provide it to the
proprioceptive feedback system. Consequently, the
individual wearing the orthosis can precisely con-
trol their movement and activate specific muscles.
Another previous study suggested that motor learn-
ing may occur when children wear the garments. This
study argued that this kind of learning might stem
from the lingering effects of dynamic orthoses after
their use is discontinued [22].

The design of the current study enabled a relatively
in-depth evaluation of the changes in each of the indi-
vidual subjects. This study was limited because data
was collected from a small, homogeneous sample
of children with similar medical diagnoses (spastic
bilateral CP with crouch gait or flexed knee pattern).
Nonetheless, the results can pave the way for further
structured studies with acceptable statistical power.
Another limitation of this study was its focus on the
sagittal plane to the exclusion of other body parts,
which prevented the generalization of the obtained
results.

5. Conclusion

The elastic legging orthoses were able to compress
the pelvic girdle and the knee joint, which suggests
that this type of dynamic orthosis can decrease the
flexion angle of the knee and the hip joints in the
stance phase of the gait cycle in some children with
crouch gait, although this study was limited to chil-
dren with flexed knee at 1 to 1+ spasticity levels
and I-III GMFECS levels. This orthosis caused reduc-
tion in the flexion of the knee and hip joints in the
swing phase due to its mechanism of creating pres-
sure. Nonetheless, it was dynamic and did not stop
the movement in the joints. Moreover, the results var-
ied from subject to subject, and there were signs of
improvement in some of the subjects. While it was not
possible to draw conclusions at the group level, some
individuals may benefit from the garment. Future
studies should carry out a functional assessment of
this orthosis.
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