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Background: The positive findings from our previous studies, which revealed the link

between postural and gait patterns in children with unilateral cerebral palsy (CP) were

very encouraging for recognition this relationship in children with bilateral cerebral palsy

(CP). Therefore, the objective of this study was to evaluate whether different gait patterns

corresponding to postural patterns in children with bilateral CP could be statistically

significant according to a cluster analysis.

Methods: Fifty-eight participants with bilateral CP and 45 matched children with typical

growth and development. The participants walked barefoot along a treadmill at their own

pace. Three-dimensional kinematic data were collected using the Measuring System for

Motion Analysis. To characterize gait patterns, the Gillette Gait Index (GGI) and its 16

distinct gait parameters were used. The participants were divided into four subgroups

according to their postural patterns.

Results: A cluster analysis revealed 4 gait patterns corresponding to postural patterns:

(1) normal gait pattern corresponded to neutral posture; (2) balanced gait pattern

corresponded to balanced posture; (3) lordotic gait pattern corresponded to lordotic

postural pattern; (4) swayback gait pattern corresponded to backward-leaning posture.

There were significant differences in mean GGI and various clusters in the 8 GGI gait

parameters: cadence, mean pelvic tilt; mean pelvic rotation, minimum hip flexion, peak

hip abduction in swing; knee flexion at initial contact, and peak dorsiflexion in stance.

Conclusion: Our results showed that gait discrepancies among children with bilateral

CP were not simply a result of lower limb kinematic deviations in the sagittal plane.

Information on different gait patterns could improve early therapy in children with bilateral

CP before abnormal gait patterns are fully established.

Keywords: postural patterns, Gillette Gait Index, cluster analysis, cerebral palsy, gait patterns

INTRODUCTION

Cerebral palsy (CP) comprises a group of permanent disorders of movement and postural
development that cause activity limitations. These changes are attributed to non-progressive
disturbances of the developing fetal or infant brain (1). However, abnormal gross and fine motor
disorders including disturbances of sensation, perception, cognition, communication, and behavior
are core features of CP. Additionally, epilepsy and secondary musculoskeletal problems often
accompany CP. Motor impairments in CP manifest as spasticity, dystonia, muscle contractures,

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2019.00183
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2019.00183&domain=pdf&date_stamp=2019-03-12
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:mdomagalska@sum.edu.pl
https://doi.org/10.3389/fneur.2019.00183
https://www.frontiersin.org/articles/10.3389/fneur.2019.00183/full
http://loop.frontiersin.org/people/447506/overview
http://loop.frontiersin.org/people/442557/overview


Domagalska–Szopa and Szopa Gait Differences in Cerebral Palsy

bony deformities, coordination problems, loss of selective
motor control, and muscle weakness (2). The cause of these
impairments is multifactorial.

CP can be unilateral or bilateral. Unilateral CP (UCP) is a
sub-type affecting the limbs on one side of the body, whereas
bilateral CP (BCP) affects the limbs on both sides of the body.
Although this classification includes only the extremities and is
based on subjective comparisons of severity in the arms and legs,
SCPE recommends that all body regions (including the trunk and
pelvis) should be specified in terms of posture and movement
impairments (3).

One of themost striking features observed in children with CP
is the diversity of postural and gait deviations. Even children with
UCP, who appear to be a relatively homogeneous group in terms
of body posture, can be distinguished by different postural and
gait patterns (4–6). Our previous studies also indicated a strong
correlation between postural and gait patterns in children with
UCP (7, 8). Nevertheless, posture among children with BCP is
much more varied than among children with UCP. Our previous
study revealed that their postural patterns can be defined.
Based on sagittal posture misalignments, three types of postural
patterns are recognized in children with BCP: (1) lordotic
postural pattern corresponding to forward-leaning posture; (2)
swayback postural pattern corresponding to backward-leaning
posture; and (3) balanced postural pattern corresponding to
balanced posture (9).

Although the posture and gait patterns in BCP differ vastly
among patients, several characteristic patterns are observed.
Numerous classification schemes were proposed in the literature
to describe common gait deviations in BCP (10–17). The
classification most commonly described in the international
literature is that by Rodda and Graham based on sagittal plane
kinematics considering the ankle, knee, hip, and pelvis. Four gait
patterns are recognized in BCP: true equinus, jump gait, apparent
equinus, and crouch gait. Most classifications systems, including
the aforementioned, classify gait patterns based on deviations in
sagittal plane lower limb gait kinematics without accounting for
pelvic kinematics and truncal posture (13, 14).

Although quantitative 3DGA is an excellent indicator of
gait dysfunction in children with CP, the 3DGA produces a
large amount of data. To overcome this problem, multivariate
gait indices for quantifying deviations from normal gait have
been introduced. One of the most commonly used indexes for
quantifying deviations from normal gait in children with CP
is the GGI. GGI, formerly called the Normalcy Index (18), is
a summary measure that accounts for 16 clinically important
gait parameters (including temporal, spatial, and kinematic
parameters). GGI values are reportedly <46 in children without
disabilities, and range from 32 to 1,827 in children with CP,
including children with BCP, who range from 28.46 to 1322.3
(18, 19). Higher GGI values indicate greater deviation from
the gait of able-bodied individuals. More severe diagnoses, on
average, would correspond to more gait abnormalities and, thus
result in higher index scores (18–21).

Our previous study revealed different postural and
gait patterns in children with UCP and documented the
dependence of gait patterns on body posture. According to

SCPE recommendations and the promising findings of our
previous research, we hoped to identify clinical clusters helpful
for anticipating some rehabilitative interventions.

The objective of this study was to evaluate whether different
gait patterns corresponding to postural patterns in BCP were
statistically significant in a cluster analysis. We aimed to estimate
degrees of deviation from normal gait within the gait patterns
in BCP. We used the GGI to determine the differences in gait
biomechanics (spatio-temporal and kinematics).

METHODS

Participants
The study was approved by the Bioethics Committee of our
institution. The children were subjected to examinations after
obtaining parental informed written consent. All work was
performed in accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki).

We recruited 60 ambulatory children with BCP who were
patients of local pediatric rehabilitation centers. All participants
met the following inclusion criteria: (1) diagnosis of BCP; (2)
age >7 years (to minimize the incidence of kinematic parameter
instability); (3) ability to walk without assistive devices and
orthoses; (4) ability to follow verbal directions. The exclusion
criteria were: (1) spasticity management using Botulinum Toxin
A (BtxA) injection 6 months prior to evaluation; (2) lower
extremity surgical procedures, (3) hip dislocation; (4) currently
pharmacological treatment with oral antispasticity drugs; and (5)
uncontrolled seizures.

Two participants were excluded (refused to undress for the
examination) so the final study group consisted of 58 participants
(25 girls and 33 boys) aged 7–13 years (mean age = 10.6 y;
SD 2 y). Participants were classified into Gross Motor Function
Classification System (GMFCS) level I (n= 34) and II (n= 24).

An age- and sex-matched sample of 45 children with typical
development and no known history of neurological or orthopedic
diseases (18 girls and 27 boys; mean age 10.2 y; SD 2 y)
were included.

Testing Procedure
Three-dimensional (3D) kinematic data were collected using the
Compact Measuring System for 3D Real-Time Motion Analysis
system (CMS-HS 3D, Zebris Medizintechnik GmbH, Germany)
based on 15 active ultrasonic markers (5 triplicate ultrasound
markers) using WinGait software (7, 8). Gait data were recorded
as the participants walked on a designated treadmill (Alfa XL,
Kettler, Germany).

Before the gait analysis, the following anatomical landmarks
were identified: hip joint center; knee center (medial and
lateral femoral epicondyle); ankle rotation center (internal and
external); forefoot landmark (between the second and third
metatarsals); and rear foot (heel). Before data collection, all
participants were instructed to walk barefoot on the treadmill at
their own pace for 5min. The speed of the treadmill was adjusted
to each child’s ability and natural gait. Typical overground
walking speed (spontaneous) of and time taken to walk 10m
by each subject were collected before the gait analysis. Based
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on the spontaneous speed of walking, treadmill belt speeds
were calculated as values in kilometers per hour. Before data
collection, the participants walked on the treadmill for 3min to
familiarize themselves with treadmill walking. Treadmill walking
speed was reduced if the participant felt that the speed was not a
comfortable walking speed.

At least three trials were conducted with two to five strides in
each trial. Of the captured trials, the trials at comfortable walking
speeds were averaged and analyzed. Aminimum of 5 strides were
averaged and used for analysis (7, 8).

To characterize gait patterns, the GGI and its 16 distinct gait
parameters were used, according to the procedure described by
Schutte (18) GGI is a single number, derived from gait kinematics
and spatio-temporal parameters that quantify the deviation of
pathological gait from normal gait. The GGI was calculated
separately for right (RL) and left (LL) lower limbs based on the
16 gait parameters taken from the objective three-dimensional
gait analysis (3DGA), including: (1) stance phase expressed as
a percentage of gait cycle; (2) walking speed normalized to leg
length; (3) cadence; (4) mean pelvic tilt; (5) range of motion
(ROM) of pelvic tilt; (6) mean pelvic rotation; (7) minimum hip
flexion; (8) ROM of hip flexion/extension; (9) peak hip abduction
in swing; (10) mean hip rotation in stance; (11) knee flexion at
initial contact; (12) time to peak knee flexion in swing expressed
as the percentage of the gait cycle; (13) ROM of knee flexion; (14)
peak dorsiflexion in stance; (15) peak dorsiflexion in swing; and
(16) mean foot progression (18).

Statistical Analysis
Normality of the analyzed parameters distribution was
assessed using skewness and kurtosis and the Shapiro–Wilk
test. Descriptive statistics were calculated for the clinical
characteristics of both experimental and reference groups.
Normally distributed variables are reported as means and
standard deviations, and non-normally distributed variables are
presented as the medians and ranges.

Non-hierarchical k-means clustering was used in the selection
of the GGI for RL, LL, and bilateral lower limbs (BL) and the
16 distinct GGI gait parameters, assuming three clusters (22).
K-means clustering is used with previously formed hypotheses
concerning the number of clusters in the cases or variables.
Because gait pattern was assumed to depend on 3 postural
patterns recognized in our previous study (22), the identification
of 3 clusters in the cluster analysis was justified.

The mean and standard deviation (SD) values for GGI RL, LL,
BL, and the 16 GGI gait parameters were calculated for the entire
group and for each of the 3 clusters and were compared among
the subgroups. Analysis of variance (ANOVA, Tukey’s post-
hoc test) was used to detect differences in the aforementioned
parameters. Only significant differences (P < 0.05) among the
clusters were reported. In order to compute achieved statistical
power in presented research the power analysis via GPower
3.1.9.2 was conducted. The computation was based on fixed
effects, one-way ANOVA, which was later used to analyze group
differences in GGI and 16 chosen parameters. For the power
analysis, the mean effect size—partial eta-squared—across all
conducted ANOVAs was calculated (mean of ηp = 0.40), α error

probability was set to 0.05, total sample size was equal to 58 and
the number of groups to 4. Output showed following values of
parameters: Critical F(3, 54) = 2.78 and achieved power (1 – β)
was equal to 0.9997.

Power analysis was also calculated for the lowest significant
effect size (ηp = 0.08) and the highest observed effect size (ηp

= 0.91). Input parameters as α error probability, total sample
size and number of groups were kept the same as in previous
calculation. Achieved power (1 – β) in case of the lowest effect
size was equal to 0.42 and for the highest observed effect sized
power was equal to 1.00.

Based on the results of our previous study (9), the same group
of participants were divided into four subgroups according to
their postural patterns: (1) one subgroup of children with neutral
posture (NP) represented by CTD (children typically developing;
45, 44%). Three subgroups of children with BCP were created
as follows:

1) children with lordotic postural patterns, corresponding to
forward-leaning posture (AP) (26; 25%)

2) children with swayback postural patterns, corresponding to
backward-leaning posture (PP) (17; 16%)

3) children with balanced postural patterns, corresponding to
balanced posture (BP) (15; 15%).

RESULTS

Results of the GGI
In accordance with the GGI scores cluster analysis results, 30
(29%) participants were classified into Cluster 1; 23 (22%) were
included in Cluster 2, 45 (44%) were classified in Cluster 3,
whereas only 5 (5%) were included in Cluster 4 (Table 1). There
were significant differences in the means of the various clusters
for both singular GGI parameters and total GGI, as shown
in Table 2.

Tukey’s post-hoc test revealed that the GGIs calculated for both
LL and total GGI

reliably differentiated Cluster 1 from Clusters 2, 3, and 4;
Cluster 2 from Cluster 3 and 4; and Cluster 3 from Cluster 4 via
the cluster means (each P < 0.001). Significantly low values of

TABLE 1 | Gillette Gait Index (GGI).

Subgroup Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total

n (%) n (%) n (%) n (%) n (%)

NP 0 (0) 0 (0) 45 (100) 0 (0) 45 (44)

PP 15 (94) 0 (0) 0 (0) 2 (6) 17 (16.5)

BP 13 (81) 0 (0) 0 (0) 3 (19) 16 (13.5)

AP 2 (8) 23 (92) 0 (0) 0 (0) 25 (26)

Total 30 (29) 23 (22) 45 (44) 5 (5) 103 (100)

Non-hierarchical k-means clustering.

Children with bilateral cerebral palsy (BCP) were classified according to their spinal

profiles as follows: PP, swayback postural pattern; BP, balanced postural pattern; AP,

lordotic postural pattern. Typically developing children were classified as having a neutral

posture (NP).
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GGI for BL and total GGI compared to all others were noted in
the subjects included in Cluster 3 (Table 3).

Cluster 3 was predominantly characterized by the NP
subgroups consisting of the CTD group. The other three Clusters
included only children with BCP. Cluster 1 was characterized by
two subgroups of children with PP and BP, whereas Cluster 4
comprised only 4 participants from all BCP subgroups (Table 1).

Two gait patterns, by degree of deviation from normal gait,
were recognized in the GGI calculation. One cluster (Cluster 3,
n = 45) contained only CTD children (100%) and the second
included children with BCP and gait patterns with lordotic
postural patterns (92%). The gait patterns of children with PP and
BP were not recognized using the cluster analysis.

Results of the 16 Distinct GGI
Gait Parameters
Using a factorial analysis, 7 variables from the 16 distinct GGI
gait parameters were extracted including: (1) cadence, (2) mean
pelvic tilt; (3) mean pelvic rotation, (4) minimum left and right
hip flexion, (5) peak left and right hip abduction in swing; (6) left
and right knee flexion at initial contact, and (7) peak dorsiflexion
of left and right leg in stance.

In the cluster analysis results, 47 (46%) participants were
classified into Cluster 1, 15 (14.5%) in Cluster 2, 16 (15.5 %) in
Cluster 3, and 25 (24%) in Cluster 4 (Table 4). Four gait patterns
emerged in accordance with postural patterns NP, PP, BP, and
AP and were found to clearly correspond to the cluster patterns
defined as follows:

TABLE 2 | ANOVA results and differences between the means of the various GGI

clusters of the left, right, and bilateral lower limbs.

GGI Groups Sum of squares df F P

Lower Limbs Between 96.26266 3 838.9144 0.00000

Within 5.737335 100 – –

Total 60219.9 102 – –

Left LL Between 92.94822 3 513.425 0.00000

Within 9.051781 100 – –

Total 14142.89 102 – –

Right LL Between 87.31906 3 297.3892 0.00000

Within 14.68094 100 – –

Total 14142.89 102 – –

ANOVA, analysis of variance; GGI, Gillette Gait Index; LL, lower limbs.

TABLE 3 | GGI scores representing the mean values for the lower limbs in

children with bilateral cerebral palsy in specified clusters.

Cluster N Mean Min Max

1 30 184.21 ± 52.43 77.00 280.70

2 23 234.09 ± 10.35 148.5 381.33

3 45 12.34 ± 3.44 5.18 21.69

4 5 161.77 ± 40.20 76.99 235.17

Total 103 118.23 ± 103.34 5.18 381.33

GGI, Gillette Gait Index.

1) normal gait (NG) corresponded to neutral posture (NP)
2) balanced gait pattern (BG) corresponded to balanced

posture (BP)
3) lordotic gait pattern (AG) corresponded to lordotic

posture (AP)
4) swayback gait pattern (PG) corresponded to backward-

leaning posture (PP)

There were significant differences among the means of the
various clusters for all kinematics, as shown in Table 5. Table 5
shows the F values and significance levels; all differences between
the means were significant.

Cluster 1 contained solely CTD (100%). Cluster 4 almost
entirely included children with AP (96%), whereas Cluster 2
included gait patterns of children with PP (88%), and cluster 3
included children with BP (93%) (Table 4).

Tukey’s post-hoc test revealed that seven grouping variables
from 16 distinct GGI gait parameters reliably differentiated all
groups: Cluster 1 was distinct from Cluster 2, Cluster 3, and
Cluster 4 which were also all distinct from each other based on
cluster means (P = 0.00000 for each comparison) (Table 5).

DISCUSSION

Themean index for the TDC group was the lowest, and oscillated
from 5.2 to 21.7. Themean index for all children with BCP ranged
between 77.00 and 381.33. Although our range of GGI values of
children with BCP was definitely lower, as reported by Schutte
and Gage (18, 19), it is due to selection criteria involving only
GMFCS I and II patients. Mean GGI values were significantly
different between TDC and all subgroups of CP.

In this study, the cluster analysis differentiated between the
gait of the TDC and BCP groups, and the pathological gait
patterns in the BCP group. Our findings show that three clusters
differentiated pathological from normal gaits in children with
BCP, and corresponded with a postural category. However,
only the forward-leaning posture (AP) was clearly separated
(cluster 2). No overlap was found between GGI values for AP
children and all other individuals with BCP. In contrast, GGI

TABLE 4 | Gait parameters in the GGI.

Subgroup Cluster 1 Cluster 2 Cluster 3 Cluster 4 Total

n (%) n (%) n (%) n (%) n (%)

NP 45 (100) 0 (0) 0 (0) 0 (0) 45 (44)

PP 0 (0) 15 (88) 2 (12) 0 (0) 17 (16)

BP 1 (7) 0 (0) 14 (93) 0 (0) 15 (15)

AP 1 (4) 0 (0) 0 (0) 25 (96) 26 (25)

Total 47 (46) 15 (14.5) 16 (15.5) 25 (24) 103 (100)

Non-hierarchical k-means clustering.

Children with bilateral cerebral palsy (BCP) were classified according to their spinal

profiles as follows: PP, swayback postural pattern; BP, balanced postural pattern; AP,

lordotic postural pattern. Typically developing children were classified as having a neutral

posture (NP).

GGI, Gillette Gait Index.
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TABLE 5 | Results of the analysis of variance.

Parameter Groups Statistical analysis

C1 C2 C3 C4 Sum of squares df F post-hoc

Cad (step/s) 1.24 ± 0.16 0.71 ± 0.23 0.76 ± 0.09 0.81 ± 0.13 29.06 3 19.92 C1-C2;C1-C3;C1-C4;C2-C4;C3-C4

MPT (◦) 7.05 ± 4.19 5.36 ± 2.86 1.12 ± 6.26 −6.29 ± 5.52 64.01 3 84.24 C1-C2;C1-C3;C1-C4;C2-C4;C3-C4

MPR (◦) 11.3 ± 6.32 5.57 ± 2.25 1.10 ± 6.67 −0.46 ± 3.23 54.98 3 58.46 C1-C2;C1-C4;C2-C3;C2-C4;C3-C4

MHF (◦) −11.3 ± 6.32 5.36 ± 2.86 −6.80 ± 10.79 −5.03 ± 3.57 20.91 3 12.89 C1-C2;C1-C3;C1-C4;C2-C4;C3-C4

PHAS (◦) 2.24 ± 2.58 10.30 ± 5.61 3.24 ± 3.58 −8.75 ± 6.06 72.12 3 85.57 C1-C2;C1-C3;C1-C4;C2-C4;C3-C4

KFIC (◦) 5.44 ± 4.81 22.08 ± 11.68 3.24 ± 3.58 17.94 ± 7.68 54.06 3 56.37 C1-C2;C1-C3;C1-C4;C2-C4;C3-C4

PDFS (◦) 12.02 ± 3.54 16.90 ± 3.68 17.73 ± 3.68 −14.01 ± 8.69 87.39 3 299.14 C1-C2;C1-C3;C1-C4;C2-C4;C3-C4

Differences between the means of various clusters with respect to kinematics (joint angles) are shown. Values are presented as means for each group (Cluster 1—C1, Cluster 2—C2,

Cluster 3—C3, and Cluster 4—C4). Data are presented together with group interactions (estimated in a post-hoc analysis).

Cad (step/s), cadence (step/s); MPT (◦), mean pelvic tilt; MPR (◦), mean pelvic rotation; MHF (◦), minimum hip flexion; PHAS (◦), peak hip abduction in swing; KFIC (◦), knee flexion at

initial contact; PDFS (◦), peak dorsiflexion in stance.

values for BP and PP postural categories overlapped within one
cluster (cluster 1).

The post-hoc analysis showed that children with AP presented
with significantly higher degrees of deviation from normal gait
than other children with BCP (Table 2). We expected that GGI
could distinguish between patients with BCP in all postural
categories due to the wide range of GGI values in BP and PP;
however, no statistical conclusions could be made about the
relationship between those values and GGI values.

Estimating the differences between gait patterns
corresponding to postural patterns in BCP is promising. Thus,
evaluating GGI gait biomechanics was next step. The cluster
analysis revealed 4 gait patterns, defined by non-overlapping
kinematics associated with four postural categories: (1) normal
gait corresponding to TDC neutral postures (NG); and 3 gait
patterns in BCP corresponded to these postural patterns: (1)
balanced gait pattern corresponded to balanced posture (BG); (2)
lordotic gait pattern corresponded to forward-leaning posture
(AG); and (3) swayback gait pattern corresponded to backward-
leaning posture (PG). There were significant differences among
the gait patterns for all 8 GGI gait parameters including: cadence,
mean pelvic tilt; mean pelvic rotation, minimum hip flexion,
peak hip abduction in swing; knee flexion at initial contact,
and peak dorsiflexion in stance (Table 5). We found that
discrepancies in BCP gait were not simply due to sagittal plane
lower limb kinematic deviations (23–26). We also identified
previously unreported kinematic deviations in BCP gait resulting
from postural pattern features including: pelvic misalignment in
sagittal and horizontal planes and an inadequate swing phase in
hip abduction. This distinguished between three gait patterns in
children with BCP. In AG, PG, and BG, inadequate mean pelvic
tilt (deficits in AG and BG; and excess in PG) during the gait cycle
was observed. Static misalignment of the pelvis in the sagittal
plane, such as with excessive anterior pelvic tilt and excessive
lumbar curves in the spines of children with forward-leaning
postures; extreme hyperlordosis and postural deviations in
the horizontal planes, characteristic of children with balanced
postures; and excessive posterior pelvic tilt and insufficient
lumbar curves in the spines in children with backward-leaning
postures may result in pelvic tilt deficits and pelvic motion

deviations during the gait cycle in these children (9). These
observations are consistent with gait cycle pelvic motion deficits
in the horizontal plane, as revealed in all three pathological gait
patterns. The static sagittal misorientations of the pelvis, such
as with excessive anterior (AG), insufficient posterior (BG), and
excessive posterior (PG) pelvic tilts are perhaps the reasons for
pelvic rotation deficits in all pathological gait patterns. Only the
netural pelvis position in the sagittal plane promotes proper
pelvic rotation while walking (19).

As expected, differences in lower limb sagittal plane
kinematics between the gait patterns were observed. While
kinematics in TDC oscillated within the normal range, 3
pathological sets of lower limb kinematic values at the hip
(minimum hip flexion and peak hip abduction in swing), knee
(knee flexion at initial contact), and ankle (peak dorsiflexion on
stance) were noted in children with BCP. Two gait patterns, AG
and PG, opposed each other due to hip abductions in swing and
dorsiflexion. Stance deviations from normal gait drew special
attention. These differences can be summarized as insufficient hip
abduction in swing and insufficient dorsiflexion in stance for AG,
and excessive hip abduction in swing and excessive dorsiflexion
in stance for PG.

To the best of our knowledge, this study is the first to recognize
gait patterns corresponding to postural pattern in children with
BCP. The classification of children with BCP into four subgroups
according to their postural patterns was critically important
in our analysis. Although several studies have reported gait
pattern classifications based on lower limb kinematic deviations
in children with BCP, they do not account for their pelvic
and truncal postures. This makes it difficult to compare the
results obtained herein, with those found in previous studies on
gait analysis.

Typical overground walking speed (spontaneous) of and time
taken to walk 10m by each subject were collected before the gait
analysis. Based on the spontaneous speed of walking, treadmill
belt speeds were calculated as values in kilometers per hour.
Before data collection, the participants walked on the treadmill
for 3min to familiarize themselves with treadmill walking.
Treadmill walking speed was reduced if the participant felt that
the speed was not a comfortable walking speed.
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STUDY LIMITATIONS

A limitation of the present study is that the ability to walk without
assistive devices was a criterion for study inclusion. Additionally,
previous lower limb surgery was an exclusion criterion, which is
why only some of the children with BCP were included. Another
limitation can be that this study was based on treadmill-based
gait analysis. However, the findings from treadmill-based gait
research can differ from overground gait data in children with
CP. Despite, that many studies have investigated the differences
between the treadmill and overground walking in children with
CP, conclusive research has not been conducted to verify this
assumption. Although, it is generally agreed that the treadmill
walking can alter spatiotemporal gait variables, there still exist
inconsistencies as to the kinematic differences between the two
walking modalities.

CONCLUSION

Despite the above-mentioned limitations, our findings clearly
suggest that children with BCP exhibit different gait patterns
corresponding to their postural patterns. Moreover, we described
basic differences in the BCP gait that corresponded with different
postural patterns. This information may help improve the
guidelines for establishing therapy in children with BCP before

the pathological gait is fully established. These findings should
provide an essential step toward recognizing further kinematic
differences between gaits in a follow-up study.
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